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1 Abstract

The work presented in this thesis is primarily focused on the novel work on novel frequency

selective absorber (FSA) applicable for stealth technology. The preliminary absorber designs

were explored by modeling of metamaterial structure. The introductory absorber design was

analyzed and simulated for the L and S band. Wideband with polarisation insensitivity con-

firm the benefit of the L and S band metamaterial absorber (LSMA). This structure is basically

enthused from the interspace capacitance and length-based inductor from the split ring res-

onator. The optimized topographical structure is simulated as well as fabricated utilized for the

polarization-independent L and S-band applications.

Consequently, the geographical structure is simulated as well as optimized by its equivalent

circuit structure for the C band. 12*12 octagon elements with parasitic elements comprising

of lumped resister have been fabricated on FR4 structure with an air gap. Wider bandwidth is

deliberately attained due to maximizing the substrate height via airgap and notched rectangular

shape as parasitic elements. The wider bandwidth from 2.84 GHz to 9.12 GHz in TE and TM

polarization is an outcome of the proposed structure which can also be verified by the free space

measurement technique. The overall unit size of the absorber is 22 * 22 mm2. Miniaturization

of λ/6.67 in size and λ/3.33 in thickness can be optimally used for air-craft, submarines, Radar,

satellites characterized as stealth technology.

In the final stage, a conformal metamaterial absorber with quad band performance as a function

of frequency was implemented. This is also being simulated and mathematically synthesized

by its equivalent circuit. The proposed structure comprises variable electrical length caused by

multiple geographical iterations which were validated by its mathematical formulation. This re-

sults in a stronger electrical field at concentric circles for the multiband operation. So proposed

structure was working in the quad-band (4.11 GHz, 5.37 GHz, 7.39 GHz, and 8.4 GHz). Thin

polyester substrate (0.5 mm) and diversity frequency up to quad-band in the absorber make it

appropriate for the flexible absorber.
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2 Brief description on the state of the art of the research

topic

EMI is an unavoidable complication in today’s wireless communication technology. Formulate

proper solutions for these problems are in higher demand. There are two methodologies to

control the EMI field. One method reflects the EMI field, and another is the absorption of the

EMI field. Reflection of the EMI field cannot diminish the field but absorption of the field can

completely shrink it. So the frequency selective surface (FSS) is applicable for the reflection

of the EM field, whereas frequency-selective absorber (FSA) is used to minimize the EM Pol-

lution by its absorption.

In this thesis, one of the promising utilization of the Metamaterial is designing Electromag-

netic wave absorbers (EWA), where the necessary properties of the Metamaterial can be cul-

tivated by reasonably embracing a specific design and construction. A metamaterial absorber

(MMA) can absorb a particular span of frequencies negative either or both refractive constants

called permittivity (ε) and permeability (µ).[1] So the novelty of the metamaterial absorber is

the equivalent circuit design which behaves as a single or multi resonator circuit consisting of

lumped or distributed resistors for adequate dissemination of microwave energy. Smith et al.[2]

practically confirmed periodic split-ring resonator (SRR) structure loaded with thin wire rods

to attain negative effective permittivity (-εeff ). The loading of SRR and CSRR structure helps

to beat a considerable lot of the designing difficulties in the planar frequency selective absorber

design technique. Because of the restriction between resonant frequency and quality factor,

SRR can absorb a single frequency. Dual and multiband metamaterial absorbers have been

constructed by the connecting unit cells with coupled integration method to overcome single

band application. K. P. Kaur et al.[3] reported dual band of 2.09 GHz and 2.54 GHz. The

design consists of two concentric octagonal rings as a unit cell utilized for energy harvesting

systems. Ultrathin and flexible triple-band microwave absorber at 8.5 GHz,13.5 GHz and 17

GHz was presented by G.Deng et al.[4] The structure comprises three resonator circuits for the

excitement of tripleband, leading to operating the frequency as per the geographical iterations.

Advancing the information of iteration, P. Garg et al.[5] presents the pentaband strucutre fab-

ricated on FR4 substrate. However, the constant broadband frequency can not be enclosed by

a multiband structure inspired by succession designs. Single or multiple absorber structures

apply sensor-based environments and cloaking, demanding narrow bandwidth with adequate

quality factors and higher selectivity. However, the constant broadband frequency can not be
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enclosed by the multiband structure inspired by succession designs. Wideband absorber has

a dynamic application in defense instruments and radar technology. From the Literature re-

view, It was perceived that Circuit analog absorbers using resistive ink[6], lumped resistors

fabricated on multilayer substrate[7], ITO film based Optical transparent materials[8], etc. are

used and synthesized for the developing wideband metamaterial absorber. Apart from these

technical demands, polarization independent structure with a wide wide variety of oblique an-

gle independency is an important concern for the development of EM absorber The circular

symmetrical antenna is the primary motive for the polarization-independent absorber design.

Z. Sun et al.[9] presented theoretical and equivalent circuit analysis of polarization-sensitive

frequency selective rasorber (FSR) which has wide reflective bandwidth and two side absorp-

tion bands at 2.8-6.5 GHz and 12-17.4 GHz. Polarization independent structure in TE and TM

configuration with wide angular stability up to 50◦ incorporated into ultrathin RT/Duroid 5870

substrate (0.13 λM ) appropriate for airborne application has been developed by S. C. Bakshi

and coauther[10]. The conformal frequency selective absorber working on multiband, low pro-

file wideband absorber in L, S and C band, equivalent circuit modeling from the geometrical

analysis can be attained.

3 Definition of the Problem

The key objective of this research is the development and analysis of metamaterial absorbers

optimized for stealth technology, high efficient wireless power transfer devices and defense

sensor-based instruments in which absorber must be polarization and oblique angle indepen-

dent preferably compact in weight and conformal in size. For clarity, the problem undertaken

as stated below:

“ To design and analysis of polarization and oblique angle independent multiband and con-

formal frequency selective absorber as well as wideband and low profile frequency selective

absorber working in L,S and C band for the stealth technology.”

4 Objective and Scope of work

The Research work aims towards the microwave designing techniques to develop flexible EM

absorber design for the defense application. The performance of proposed absorber is analyzed
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and fabrication results would be compared with recently existing absorber technology. The

essential objectives outlining the research workflow are as follows:

• Study of resonator circuits with lumped and distributed resistors to synthesis of frequency
selective absorber.

• Study of metamaterial SRR/CSRR unit cell, extracting material medium parameters.

• Design and simulation of metamaterial absorber(MMA) in Ansys HFSS Software.

• Geometrical and electrical parametric optimization of MMA

• Characterization, analysis of proposed structure with the equivalent circuit modeling in
the ADS Software.

• Measurement of proposed absorber in the free space technique for the validation of ab-
sorptivity and polarization insensitivity in the particular frequency span.

• Performance and comparative analysis of proposed absorber

5 Original contribution by the thesis

In this thesis, three distinct types of frequency selective absorber have been designed, analyzed,

simulated, optimized and fabricated for the validation of measurement outcome as follows:

• Low profile wideband metamaterial absorber working on C band for the stealth applica-
tion.

• Compact quadband metamaterial absorber for the application of wireless sensor-based
instruments.

• Miniaturized wideband metamaterial absorber working on L and S band for RF harvest-
ing application.

6 Research methodology, Results/ Discussion

The Research work basically centers on the development of the metamaterial-based absorber

for the RF Harvesting or efficient wireless power transfer application devices and wireless

sensor-based instruments. In this direction, appropriate frequency-selective absorber tech-

niques are presented along with their equivalent circuit modeling, which can be optimized to

overcome practical difficulties in the design methodology. Different EM absorbers have been

designed with the novelty of miniaturization to meet determined objectives for the multiband

and wideband application. The methodology adopted for designing EM absorbers is shown in

Fig.1. Some of the novel EM absorbers are briefly discussed below:
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Design the frequency selective absorber by its approximate circuit structure

Analyze the equivalent circuit modeling for the
estimation of Return loss of two-port network

Optimize the proposed structure for the desired Return loss
estimation as per the analogy as following:

• Optimization through distributed circuit component values.
• Optimization through geographical structure parameter variation.

Fabrication of optimized structure.

Free space measurement technique of Return loss S11 for the validation of
absorption rate in the particular frequency span.

Figure 1: Flow Diagram of Research methodology adopted for the designing EM absorber.

6.1 Development of low profile metamaterial absorber working for C

band

This part of the research work depicts the design and analysis of miniaturized frequency selec-

tive absorber for the absorption of the signal from aircraft, missiles, submarines, satellites and

many more to radar termed as stealth technology. In the basic metamaterial absorber design,

the split ring resonator concept is used for the singular resonant frequency.

However, the proposed structure is designed for the absorption of the entire C band. So

it is interpreted as C band metamaterial absorber (CMMA). Thus, proposed structure com-

prises a series of RLC circuits of a copper structure having sizable current confinement, thus

functioning as an inductor. Further coupling between the copper structures at the end of a

unit cell generates capacitance with lumped resistance interconnected in the unit cells. Oc-

tagon shape with the parasitic element as a rectangular notched shape, which is connected by

the complete structure, is fabricated on a fragile 0.5 mm FR4 substrate consisting of relative

dielectric constant εr of 4.4 as well as loss tangent (tan δ) of 0.02 with an air gap of 1 cm

as shown in Fig. 2. The design parameters: L1 = 7.8mm, L2 = 4.4mm, L3 = 2.2mm,

L4 = 1.3mm, L5 = 3.2mm, and total length L = 22mm. Four resistors of 100Ω have been

chosen to increase the absorption rate. The identical circuit of the proposed CMMA configu-

ration is presented in Fig. 3. The interconnection between unit cells produces capacitance C;

multiple lengths of structure cause variable inductances with the same two lumped resistances.
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(a) (b)

Figure 2: Simulated CMMA unit cell model, (a) front view, (b) side view.

Backed ground plane produce large current confinement and it causes inductance L. Based on

the above, normalized impedance for the proposed CMMA is as follows:

ZCMMA =

(
2

jwC
+ 2 ∗ jwL1 + 2 ∗ Res + jwL2

)
∥(jwL)

η
(1)

Figure 3: Identical circuit model of proposed CMMA.

The variation of various θ planes with a fixed ϕ plane is shown in Fig. 4 under TE and TM

configuration. The electric field vector and magnetic field vector consist of the same phase to

the surface of CMMA in TM and TE, respectively. The proposed structure is oblique angle

independent up to 30◦ in TE and TM configuration from 2.84 GHz to 9.12 GHz, as shown in

Fig. 4.
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Figure 4: Absorption rate for various oblique angle incidence (a) TE configuration, (b) TM
Configuration.

The Proposed CMMA structure was fabricated on 0.5 mm FR4 substrate with 1 cm airgap.

The layout of the 12*12 unit cells was printed using photolithography, and lumped resistances

as shown in Fig. 5(a). The absorption rate was calculated by subtracting return loss S11

measured from the Perfect Electric conductor with the same size of CMMA and return loss

S11 measured from the complete CMMA structure at the receiver end. Fig. 5(b) shows the

measurement result, which indicates that the proposed structure is operated in the frequency

range of 2.1 GHz to 8.8 GHz (123%) which is compared with the simulated result of CMMA.

Proposed CMMA can be applicable in the stealth technology working from 2.84 GHz to 9.12

GHz with miniaturization of λ/6.67 in size and λ/3.33 in thickness, respectively.

(a) (b)

Figure 5: (a) Side view of proposed fabricated CMMA (b) Measurement result compared with
simulated result of CMMA.
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6.2 Compact quadband metamaterial absorber development

A conformal metamaterial absorber operating at the quad band is analyzed in this section. The

proposed structure works at the chosen frequencies 4.11 GHz, 5.37 GHz, 7.39 GHz, and 8.4

GHz with the absorption rate of 0.96, 0.95, 0.90, and 0.94, respectively. The proposed structure

is fabricated on flexible 0.5 mm polyester material etched by a silver coating. Measurement was

carried out in the planar and cylindrical surface to realize flexibility applied for the wireless

sensor-based instruments. The geometrical iteration of design investigated proposed design.

The mathematical formulation can also be evaluated for the optimum equivalent circuit analy-

sis. Proposed structure is flexible and works in quadband so it is called Quadband conformal

metamaterial absorber(QCMA) Top view of unit cell and fabricated structure consisting 8*8

unit cells of proposed QCMA is shown in Fig 6.

(a) (b)

Figure 6: (a) Front view of a unit cell of QCMA Structure. (b) Fabricated QCMA structure.

The distributed reactive components can also be evaluated from the mathematical formula-

tion. [11, 12, 13] The iteration of proposed structure causes the multiple electrical lengths with

the interspacing. Thus, it generates numerous resonator circuits used for multi band metamate-

rial structure. The equivalent circuit can also be analyzed from these circuit components, and

return loss for the same circuit was compared with the electromagnetic simulated return loss

for the validation of absorptivity, as shown in Fig. 7

Measurement of proposed structure in free space has been performed as shown in Fig 8(a)
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(a) (b)

Figure 7: (a) Equivalent circuit of proposed QCMA (b) Return loss of proposed QCMA in
circuit and EM simulation.

Measurement outcome was compared with electromagnetic simulated results as depicted in

Fig. 8(b).

(a) (b)

Figure 8: (a) Measurement setup of conformal absorber in cylindrical surface (b) Comparative
analysis of simulated and measured absorption rate of proposed QCMA on planar
and cylindrical surface.

6.3 Development of miniaturized metamaterial absorber working for L

and S band

This section analyzed a wideband polarization independent microwave absorber for L and S

frequency band applications. The novelty of this structure is that it consists of wide bandwidth
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in TE and TM mode in long wave and short wave communication, which is utilized in the LTE

band and TV communication on satellite. The proposed structure is operated in the L and S

band, which is called the L and S band metamaterial absorber (LSMA). Large electrical length

and the four lumped resistors of 220Ω in unit cell were designed on 0.5 mm FR4 substrate

material with 1 cm airgap. The front and side view of proposed LSMA is depicted in Fig 9.

(a) (b)

Figure 9: (a) Front view of LSMA Structure (b) Side view of LSMA structure.

The input impedance’s real and imaginary parts are matched with intrinsic impedance and

zero value respectively at the operating bandwidth, as shown in Fig 10(a). The proposed struc-

ture operates from 1.22 GHz to 3.46 GHz with a fractional bandwidth of 96% in TE config-

uration and 1.03 GHz to 3.34 GHz with a fractional bandwidth of 105% in TM configuration

(Fig 10(b)). The proposed structure is fabricated on a 0.5 mm FR4 substrate. Ground plane

with copper is attached with the 1 cm airgap to enhance bandwidth, as shown in Fig 11(a). The

free space measurement was performed in the anechoic chamber to evaluate the absorptivity

from the return loss of the proposed LSMA structure. The measurement results compared with

simulated results are shown in Fig 11(b). Thus, the proposed LSMA is utilized for Radar, TV

and RF harvesting for the low power sensor network, which provides miniaturization of λ/12

and λ/16 in length and thickness, respectively.

7 Achievement with respect to Objectives

• Novel wideband and multiband frequency-selective absorber design has successfully de-
veloped by exploring metamaterial structure, effective dielectric constant, equiva-lent
circuit analysis.
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(a) (b)

Figure 10: (a) Input Impedance (Zin) of the proposed structure. (b) Simulated Absorptivity vs.
Frequency under TE and TM configuration.
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Figure 11: (a) Fabricated front view of LSMA. (b) Measurement result compared with the sim-
ulated result

• Circuit simulations inspired by mathematical formulas have been performed, verified
through full wave EM simulation.

• Fabrication structures were tested in the anechoic chamber for the free space measure-
ment of oblique angle and polarization independence of proposed structures.

• The performance of three realized metamaterial absorbers has been analyzed, and en-
hanced outcomes were found compared to other reported metamaterial absorbers.

– The first wideband metamaterial absorber has been analyzed, fabricated and tested
for the frequency band 2.84 GHz to 9.12 GHz in TE and TM polarization. The pro-
posed design consists of miniaturization of λ/6.67 in size and λ/3.33 in thickness,
respectively.

– The second multiband absorber was designed and fabricated on 0.5 mm ultrathin
polyester substrate material. The proposed structure was measured in a free space
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environment which works at frequencies 4.11 GHz, 5.37 GHz, 7.39 GHz, and 8.4
GHz with absorptivity greater than 90%.

– The third metamaterial absorber working on L and S band has been designed, fab-
ricated in the 0.5 mm FR4 structure with 1 cm airgap. The proposed structure oper-
ates in the frequency span of 1.22 GHz to 3.46 GHz. It provides miniaturization of
λ/12 and λ/16 in length and thickness, respectively.

8 Conclusion

• The proposed research work on metamaterial based absorbers has vital application for
Stealth Technology, RF Harvesting for the RCS reduction techniques and wireless sensor-
based instruments.

• The research work was designing techniques to develop the efficient wideband and multi-
band frequency selective absorber. This technique also consists of circuit parameters
extracted from the mathematical evaluations.

• The geometrical analysis was additionally performed, and this technique is used to syn-
thesize to design multiband and wideband absorbers.

• The proposed absorber is used to work in L, S and C bands with miniaturization, which
are challenges in designing defence instruments.

• The proposed absorber was designed in the flexible polyester substrate material which is
one of the challenges in wireless measurement instruments.

• The measured outcomes show close concurrence with the simulation data. Besides, the
proposed absorbers offer miniaturization compared to the other reported metamaterial
absorber. The size can be additionally decreased by engineering the design of frequency
selective absorber.
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