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Abstract: Microwave absorber is one of the elements that must have in the anechoic chamber. RF Shielded anechoic
chambers are widely used to provide RF isolated test regions to simulate free-space test environment. Microwave
absorbing materials and structures have to meet general requirements that can be summarized by the following: (i) it
should minimize the reflection of EM waves at the air to absorber interface; (ii) it should have strong absorption of
electromagnetic waves; (iii) it is expected to have broad bandwidth and angular response; (iv)it should have low weight
and thickness. Based on the above properties of microwave absorber, wide band microwave absorbers are designed and
simulated. Conducting polymers were taken as the absorbing materials and pyramidal structure microwave absorber
was simulated. The simulation results show wideband frequency absorption.
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I. INTRODUCTION

An understanding of the interaction of microwaves with metal surfaces is integral to a vast array of modern
technologies which are becoming ever more ubiquitous, including Wi-Fi and cellular phones, to name but two
examples. Unsurprisingly therefore, research into microwaves and microwave materials constitutes a huge and growing
field of interest and covers many different areas, from high impedance ground planes which improve the performance
of cellular phone handsets, microstrip antennas and new ultra-small antenna configurations for radio frequency tagging.
Materials which allow the passage of microwave radiation to be manipulated are hence of great use in an environment
where radio frequency contamination is an ever-increasing problem. An understanding of the interaction of microwaves
with metal surfaces is integral to a vast array of modern technologies which are becoming ever more ubiquitous,
including Wi-Fi and cellular phones, to name but two examples. Unsurprisingly therefore, research into microwaves
and microwave materials constitutes a huge and growing field of interest and covers many different areas, from high
impedance ground planes which improve the performance of cellular phone handsets, microstrip antennas and new
ultra-small antenna configurations for radio frequency tagging. Materials which allow the passage of microwave
radiation to be manipulated are hence of great use in an environment where radio frequency contamination is an ever-
increasing problem. EM waves with lower frequency have lower energy.
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Fig.1 Atmospheric opacity
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Il. SIMULATION PROCESS FLOW

Simulation of pyramidal microwave absorber is carried out in following steps: creating single pyramidal geometry, then
duplicating it to form 3x3 array of pyramidal microwave absorbers, assigning material to the geometry, validating the
simulation, and analyzing the structure in frequency domain. Steps of geometry created for single pyramid is creating a
square base of dimensions 10.16 mm x 10.16 mm. Select the draw tab of the workspace and click on the box button,
click on the workspace and drag the cursor in x-axis, y-axis, and z-axis. After releasing the button a box will appear.
Open the property setting and sign the exact dimensions to the box as per requirement. Creating the pyramid: In order
to create the pyramid another box is created with its base starting from 22.86 mm above the z-axis. The using the
polyline geometry drawing option all the faces of the pyramid are created and the upper box was deleted as shown in
figure. Open the Edit tab of the software and click on the Select option. In the subsection click on the select by object
option and click on the single pyramid structure. Again open Edit tab and click on Duplicate option and in the sub-
section click on the Along the Line option to create the duplicate structure. The designed pyramidal microwave
absorber is simulated and frequency sweep was carried out from 0-30 GHz for geometry of dimensions in millimeters
and also the same geometry was analyzed for dimensions in centimeters. Figure 4.8 shows the reflection losses (S11) for
geometry in millimeter.

\V

<> <

<>

Fig.2 (a) Formation of square box (b) Base formation of the structure (c) single pyramid structure (d) Formation of 3x3
array of pyramidal structure.
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Fig. 3 Meshing of the structure.
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I11.RESULTS AND DISCUSSION

In this section results obtained from simulation of pyramidal microwave absorber based on conducting polymer
material are presented and discussed briefly. The optimized device is showing in Fig. 5.1. Set of modeling and
simulations were carried to estimate s-parameter, voltage standing ratio, magnetic and electric flux interaction with the
designed structure. Bromine doped polyacetylene conducting polymer were considered for the simulation process.
Bromine doped polyacteline based device is degined and simulation is carried out in frequency domain. Parametric
sweep as well as frequency sweep is carried for the s-parameter. Resonant frequency obtained in frequency sweep was
used for the parametric sweep for emwave interaction at various elevation angles. Figure 4 shows the plot shows
quantitatively that the absorber performs well for a range of incident elevation angles. Figure 5 s-parameter plot for

frequency ranging from 1GHz to10 GHz, it is observed from the graph that device show sharp dip around 5.14 GHz
frequencies.
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Fig. 4 S-parameter plot as a function of incident angle.

st
20t
25+
30 ¢ .l\."'. | — —
35t \

S-parameter (dB)

40| {
|

a5t '

_50 -

\ _
|

60k I

6 8
Frequency (GHz)

Fig. 5 S-parameter plot as a function of frequency.
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Fig. 6 Electric field plot at tip pyramid as a function of frequency.
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Fig. 7 Electric field plot at base of pyramid as a function of frequency.

The interaction of emwave with the tip of pyramid structure and electric field norm (V/m) as a
function frequency ranging from 1 GHz from 10 GHz shown in Fig. 6. The electric field
displacement at the base of the pyramid of the microwave absorber is shown in Fig. 7. Power flow

as electric field displacement at various elevation angles is shown in Fig. 8.
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IVV.CONCLUSION

x107®

Microwave frequency corresponds to frequency range between 300 MHz and 300 GHz [8]. These frequencies are equal
to wavelengths between 1 mm and 1 m. Nowadays, electronic devices operates with using microwave frequency.
Frequency domain analysis is to be carried out to estimate various electrical parameters. Bromine doped polyacetylene
showed narrowband absorption properties. Structure of the device played critical role in the absorption phenomena. Set

of experiment were done to analyze the structural effect with above mentioned conducting polymers.

Copyright to IJARCCE

IJARCCE

128

This work is licensed under a Creative Commons Attribution 4.0 International License


https://ijarcce.com/

IJ A RCC E ISSN (Online) 2278-1021

ISSN (Print) 2319-5940

International Journal of Advanced Research in Computer and Communication Engineering
IJARCCE

[1]
[2]

(3]
(4]
[5]
(6]
[7]
(8]
(9]
[10]
[11]
[12]
[13]

[14]

[15]

Vol. 10, Issue 2, February 2021
DOI 10.17148/IJARCCE.2021.10220

REFERENCES

F. Costa, A. Monorchio, G. Manara, “Analysis and Design of Ultra Thin Electromagnetic Absorbers Comprising Resistively Loaded High
Impedance Surfaces”,|IEEE TransactionAntenaPropag.,vol. 58, pp. 1551-1558, 2010.

N.Zhao,T.Zou,C.Shi,J .Li andW.Guo, Microwaveabsorbing properties of activated carbon-fiber felt screens (verticalarranged carbon
fibers)/epoxy resin composites,” Materials Science and Engineering B: Solid-State Materials for Advanced Technology, vol. 127, pp. 207-211,
2006.

L.Olmedo,P.HourquebieandF.Jousse, “Microwaveabsorbing materialsbasedonconductingpolymers,”AdvancedMaterials, vol.5,pp.373—-
377,1993.
W. Emerson, “Electromagnetic wave absorbers and anechoic chambers through the years,” IEEE Transactions on Antennas and Propagation,

vol. 21, pp. 484-490, 1973.

H. Nornikman, F. Malek, P. J. Soh, A. A. H. Azremi, F. H. Wee, A. Hasnain, “Parametric studies of the pyramidal microwave absorber using
rice husk,” Progress in Electromagnetics ResearchPier, vol. 104, pp. 145-166, 2010.

W. Tang, R. Yang, Y. Hao, “Compression of pyramidal absorber using multiple discrete coordinate transformation”, Optics Express, vol.22,
2014.

P.Savi,M.Miscuglio,M.Giorcelli,A.Tagliaferro, ~“Analysis ofmicrowaveabsorbingpropertiesofepoxyMWCNTcomposites,”  Progress in
Electromagnetics Research Letters, vol. 44, pp. 63-69,2014.

R. Panwar, V. Agarwala, D. Singh, “Design and experimental verification of a thin broadband nanocomposite multilayer microwave absorber
using genetic algorithm based approach,”AlP Conf. Proc., vol. 1620, pp. 406-415, 2014.

M. Najim, P. Smitha, V. Agarwala , D. Singh, “Development of multilayer zinc oxide-iron composite coatings for microwave
absorption”,Advanced Science Letters, vol. 20, pp. 1490-1494,2014.

A. Fallahi and A. Enayati, “Modeling pyramidal absorbers using the fourier modal method and the mode matching technique,” IEEE
Transactions on Electromagnetic Compatibility, vol. 58, pp. 820827, 2016.

B. K. Chung and H. T. Chuah, “Modeling of RF absorber for application in the design of anechoic chamber,” Journal of Electromagnetic
Waves and Applications, vol. 18, pp. 81-82, 2004.

C. F. Yang, W. D. Burnside, and R. C. Rudduck, “A periodic moment method solution for TM scattering from lossy dielectric bodies with
application to wedge absorber,” IEEE Transactions on Antennas and Propagation, vol. 40, pp. 652-660, 1992.

R. Panwar, S. Puthucheri, V. Agarwala, D. Singh, “Design of frequency selective surface embedded broadband multilayered microwave
absorbing structures”, IEEE International Conference on Power Electronics, 2014.

M. F. B. A. Malek, E. M. Cheng, O. Nadiah, H. Nornikman, M. Ahmed, M. Z. A. Abdul Aziz, A. R. Othman, P. J. Soh, A. A. H. Azremi, A.
Hasnain, and M. N. Taib, “Rubber tire dust-rice husk pyramidal microwave absorber,” Progress in Electromagnetics Research-PIER, vol. 117,
pp. 449-477, 2011.

C. Zhang, Q. Cheng, J. Yang, J. Zhao, and T. J. Cui, “Broadband metamaterial for optical transparency and microwave absorption,” Appl. Phys.
Lett., vol. 110, pp. 143511, 2017.

Copyright to IJARCCE IJARCCE 129

This work is licensed under a Creative Commons Attribution 4.0 International License


https://ijarcce.com/

