Journal of Physics: Conference

Series
PAPER « OPEN ACCESS You may also like
. H . . - Current Practice in Rehabilitating
Microwave Absorption Properties of PTFE Using Pics oVt Disiuion et i
. . alaysia
T/R Rectangular Waveguide, Nicholson-Rose- $ S Sufian, N'S Romali, R A Rahman et
WGII’, and Flnlte Element MethOd - Collective behavior in the North Rhine-
\évhe:r:szglr;awma%tg ,ngibgst?gr? rCliartzke,
To cite this article: Ethar Yahya Salih et al 2021 J. Phys.: Conf. Ser. 1829 012012 Michael Schreckenberg et al.

- Identifying subdominant collective effects

in a large motorway network
Shanshan Wang, Michael Schreckenberg
and Thomas Guhr

View the article online for updates and enhancements.

@ N =L DISCOVER
i = how sustainability

The : intersects with
Electrochemical
Society

Advancing solid state &
electrochemical science & technology

[ & 8l

This content was downloaded from IP address 3.129.67.26 on 04/05/2024 at 08:09


https://doi.org/10.1088/1742-6596/1829/1/012012
https://iopscience.iop.org/article/10.1088/1755-1315/641/1/012011
https://iopscience.iop.org/article/10.1088/1755-1315/641/1/012011
https://iopscience.iop.org/article/10.1088/1755-1315/641/1/012011
https://iopscience.iop.org/article/10.1088/1742-5468/ac3662
https://iopscience.iop.org/article/10.1088/1742-5468/ac3662
https://iopscience.iop.org/article/10.1088/1742-5468/ac99d4
https://iopscience.iop.org/article/10.1088/1742-5468/ac99d4
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsssVIsx9lcGYM3uDARt5SBEdu3SUlAe2kD2LClVg73oPb_NMlRu1kdD6wi7pwi6cm8gp6RNOmeDiHETsi_c1Tfy-4OUpMlyvWsMxNtebx4vnwvYUL_32jscnWFxr7-ZrnOzxh__r6MZniAnAnv0F-y4hXKwqE8g8WOC051Mb2t4rqpJ2-vO7Qf3LXMOuiJZkJEsRwnVcAFe7dIu_N7etvqioZWb0f_vJYv85MJZ-_OzWGI00wzGIvPtsrhe2zZgZVg6X3pudoxTuAv3Oq8-0__rU2gBW08ix24Em5Yo73jT6t6PA9fffUjigExuyepLKVxp03UFhYRbXp7CQBVYZFL0mti4hg&sig=Cg0ArKJSzI9ObZNqrtsp&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA

2nd Annual International Conference on Information and Sciences (AiCIS) 2020 IOP Publishing
Journal of Physics: Conference Series 1829(2021) 012012  doi:10.1088/1742-6596/1829/1/012012

Microwave Absorption Properties of PTFE Using T/R
Rectangular Waveguide, Nicholson-Rose-Weir, and Finite
Element Method

Ethar Yahya Salih®*, Abd-Alrahman Khalid Alani'?, Mohammed A. Jawad?,
Zulkifly Abbas*

'Department of Medical Physics, College of Applied Sciences, University of Fallujah,
Iraq.

*Ministry of Education, Anbar Educational Directorate, Anbar, Iraq

3Ministry of Education, 10015 Baghdad, Iraq

*Departmen of Physics, Faculty of Science, Universiti Putra Malaysia, 43400
Selangor, Malaysia.

ethar.phd@uofallujah.edu.iq

Abstract. In this manuscript, the S-parameters, reflection and transmission coefficients, of
PTFE at different thicknesses for microwave absorption applications were investigated in
conjunction with  WR90 T/R rectangular waveguide. Subsequently, the reflection and
absorption shielding effectiveness SE; and SE, values were calculated using the measured S-
parameters values, in which an inversely proportional relation was found. Furthermore, using
Nicholson-Rose-Weir (NRW) and Finite Element Method (FEM) approaches, the measured S-
parameters were validated. Herein, the mean relative errors were calculated; in particular, it
was found that the FEM delivers an upright agreement with the measured data in comparison to
the utilized NRW. This suggests the usefulness of the FEM approach as a low-cost alternative
for the actual laboratory investigation.
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1. Introduction

Solid materials properties, such as reflection and transmission coefficients and/or microwave
absorption, are of great importance due to their required knowledge in a number of applications such
as telecommunication, microelectronics, aerospace...act [1-6]. Over the past decades, several
approaches were well-developed and consequently applied to investigate both transmission and
reflection coefficients and microwave absorption properties. As such, closed waveguide, free-space,
and cavity perturbation are among the most popular techniques utilized for the evaluation of
microwave absorption properties. However, the aforementioned approaches/techniques present a
number of disadvantages. In particular, the stated closed waveguide approach has relatively low
precision in comparison to the other two techniques; whereby the low precision is attained as a result
of the cross-sectional area uniformity of the sample under test and any possibility of air-gaps [7-9]. In
the meanwhile, free-space approach is utilized to characterize large dimensions’ samples. However,
diffractions from sample’s edges, undesirable reflections, and complications of imposing a focused
wave beam on a limited area result in low measurement accuracy [10-12]. Moreover, the so-called
resonant cavity or cavity perturbation approach provides higher accuracy than the free-space approach,
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yet limited frequency range applied and sensitivity of the design parameters in this technique are
considered drawback [13-15]. Therefore, the search of an enhanced pathway to deliver a precise and
accurate data is of great need.

In this attempt, the proposed manuscript aims to demonstrate the measurement and evaluation of
microwave absorption properties for a series of PTFE samples with different thicknesses. The S-
parameters were measured using T/R rectangular waveguide in conjunction with network analyzer,
while the evaluation of the measurement accuracy was accomplished using NRW and FEM.

2. Methodology and procedures

2.1. Measurement setup

The PTFE samples were cut into the required dimensions with rectangular shape (22 X 11 X
15mm; 22 x 11 X 30 mm; 22 X 11 X 50 mm) as width, height, and thickness, respectively. It is,
therefore, the samples were denoted as 15 mm, 30 mm, and 50 mm. Subsequently, the fabricated
samples were placed, in turn, inside an X-band waveguide (WR90, 8-12 GHz) to perform the
microwave absorption measurements. Herein, Agilent vector network analyzer (Agilent 8720) was
employed to measure the S-parameters on the utilized PTFE samples which correspond to the
transmission and reflection coefficients, S;; and S,;, respectively. The measurement setup is
illustrated in Figure 1. Prior to measurements and to perform accurate error-free measurements, full
two-port calibration procedure was primarily executed.

The complex permittivity, which was applied as an initial input for the theoretical calculation, of
the PTFE samples was measured using RF Impedance/Material analyzer on direct current-voltage
measurement technique. The real part of the complex permittivity (¢) is exemplified by the
electromagnetic waves storage in the material, while the imaginary part (¢') is considered as the
energy dissipation [16].

Vector Network Analyser
(Agilent8720)

& Couxial Simi-rigid

cables

S_@D > WR90, TR waveguide2 =0 er e WR90, T/R waveguide 1 * @S 11

PTFE sample

Figure 1: Schematic illustration of the measurements setup.

2.2. Theoretical concept

Continuously, as elaborated in Figure 1, both transmission and reflection coefficients can be calculated
in accordance with NRW technique [17, 18]. Herein, the impedance of each presented medium is
correlated to the complex permittivity as follow:

Zo

ZI,S,III = T (1)
€SI

where the mentioned impedance in media /, /7, and III are represented by Z; s ;;;, respectively, while
Zy = +/Ho/&y is the impedance of free space (medium [/ and /). Hence, both reflection and
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transmission coefficients can be evaluated using Equations (2) and (3), taking into consideration the
boundary conditions (z = 0,z = d).

S, = h _ @Zu+Z5)(Zs—Z;) exp(-ysd)+(Z111—Zs) (Zs+Z)exp (vsd)
11

- Ejo - (ZIII+ZS)(ZS_ZI) exp(_ysd)+(ZIII_ZS)(ZS_ZI)eXp (—vsd) (2)
Soq = B — 4(Zs)Z1n 3)
21 T By Zin+2s)(Zs+2zp) exp(—ysd)+(Zi1—Zs) (Zs—Zp)exp (=ysd)

where y;, ¥s, and y;;; are known as the propagation constants in each mentioned media.
The S-parameters can then be calculated as follow:

[q+TpPE,

Sll - # (4)
1+Farbptheory
(14+Tp)Pen

So1 =Tt (5)
1+FanPtheor_’y

In Equations (4) and (5), I}, and I, are the reflection coefficients at Z = d and Z = 0, respectively,
while the propagation factor of the PTFE sample is represented by the term Pipeory. As such, it could

be supposed that Z;;; = Z; and/or [}, = Iy = Pipeory, since media III and I are sample-free. Thus,
both equation (4) and (5) can be further shortened/simplified as:

2
S _ (1+Ptheory) Ftheory
11 —

2 2 (6)
1+Ftheoryptheory
2
S _ (1+Ftheory) Ptheory 7
21 — 1412 p2 ( )
theory” theory

Within the FEM, the model is consisted of two T/R rectangular waveguide for electromagnetic
propagation. The inner structure of the T/R waveguide is a typical decent conductor, silver for
instance. The port is usually excited using transverse electric (TE) mode. In the meanwhile, the
frequencies (X-band) are chosen so that the TE;, mode is the sole propagation arrangement. The cut-
off frequency can be given systematically as follow:

Cc m 2 n 2
=) +() ()
where the mode number is represented by the symbols m and n and c is the speed of light. It should be
mentioned that within TE;, mode, m = 1 and n = 0. Taking into consideration the rectangular cross-
section, (a = 2.285 and b = 1.143 cm) the pronounced TE;, mode is the singular mode which
propagates within frequency rage 8-12 GHz.

The element matrices in the FEM geometry can be assembled over all the tetrahedron elements
where the elements of element matrices are given by:

- 1 — — — —
Seilj, )= [If (V7 x W - ¥ x Wy —k3e, W, - W)) dv

+ (’,(f_") YooYy ([fW;.ep(x,y) ds- [[ W;.g,(x,y) ds) )
v(j)=2 (]Z)—rﬂ) Y ff Wi eg(x,y) ds (10)
Herein, in order to obtain a global matrix equation over all the tetrahedron elements:
[S]. {Ni} = (v) (11)

The solution vector [N;] of the matrix is then used to determine reflection and transmission
coefficients at the reference plane S; and S, [18, 19]:
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dp = ffﬁloversl € ds —1 (12)
ay = [] Elovers, -€o ds (13)

3. Results and discussion

The variation of the magnitude of reflection and transmission coefficients, |S1;| and |S,4|, for PTFE
samples at different thicknesses (15, 30, and 50 mm) are demonstrated in Figure 2 (a, b, and c).
Magnitudes of |S;4| and |S,1| are demonstrated along y-axis, in the range from 0 to 1 with respect to
the frequency range from 8 to 12 GHz along x-axis. There are two curves in these diagrams named
|IS11] and |Sy4| for magnitude of reflection coefficient (lower) and magnitude of transmission
coefficient (upper), respectively. It was found from the presented results that the summation of the
values of |S11| and |S,4| should be constantly around unity, therefore, increasing in either one results a
reduction in another where higher value of |S;4| resulted in lower value of |S,4|. In particular, the
magnitudes of |S;1| were found to be 0.260, 0.304, and 0.351 for 15 mm, 30 mm, and 50 mm,
respectively. Whereas the |S,4| values for 15 mm, 30 mm, and 50 mm were found to be 0.875, 0.891,
and 0.865, respectively. Additionally, it was found that increasing the thickness of the PTFE sample
resulted in higher |S;4| and subsequently lower |S,4|. The attained results are in a good agreement with
the impedance mismatched theory in which a linear relation between the dielectric properties and the
S-parameters are elaborated [20]. It is worth mentioning that the curve shaped rabbles in the |S|
measurements were due to the internal surface roughness of the waveguide, possibility of air gap
between the sample and the internal walls of the waveguide, surface irregularity of the absorber
sample and certain voids in the sample... etc.
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Figure 2. Measured S-parameters of (a) 15 mm, (b) 30 mm, and (¢) 50 mm.
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The shielding effectiveness attained due to reflection and absorption, SE, and SE,, are calculated
in accordance with Equations (14) and (15) by which the attained results are presented in Figure 3 as a
function of the used thickness (15, 30, and 50 mm) [1, 21]. It is clear to be noticed from the Figure
that increasing the material thickness resulted in higher values of SER and SE,. Specifically,
increasing the PTFE thickness from 15 to 50 mm exhibited SER values of 1.308 and 1.878 dB,
respectively. While SE, values were increased from 0.728 to 1.248 dB. It can be concluded that the
utilized PTFE possesses a higher tendency to reflect/absorb electromagnetic waves in the X-band
frequency range (8 — 12 GHz) at higher thickness. This phenomenon could be attributed to the
multiple reflection within the PTFE at higher thickness.

SER(dB) = —10log (1 — R) (14)
SE4(dB) = —10log (1 — A,spy = —10logT /(1 —R) (15)
2.1 —_—
- .
1.8-
< 1.5 el )
& |
o3 L4 .

0.6-

10 20 30 40 50
Thickness (mm)

Figure 3. Shielding effectiveness due to reflection (SER) and absorption (SE,4) at different sample
thickness.

Figure 4 illustrates a logarithmic scale of the measured |S;;| and |S,4] via R/T rectangular
waveguide alongside the estimated values using NRW and FEM approaches. Higher PTFE thickness
resulted in higher |S;1| and continuously lower |S,4| values. The cut-off frequency attained within the
|S1| outcomes using FEM is observed as two-modes in m and one-mode in n. This could be due to the
fact, in accordance with Equation (8), that the cut-off frequency depends basically on the number of
modes; whereby increasing the number of modes results in higher cut-off frequency [22]. In the
meanwhile, Table 1 tabulates the mean relative error between the measured values and the estimated
ones, in which the outcomes presented in Table 1 were acquired based on Equation (16) as follow:

(16)

The mean relative error in term of |S,| was also calculated using the same aforementioned equation
with respect to the symbol utilized.

|S11(meas.)—S11(NRW,FEM))|
Si11(meas.)

. 1 iz
relative error S, = EZL%M(
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Figure 4. Measured and estimated S-parameters using R/T rectangular waveguide, NRW, and FEM,

respectively; (a) 15 mm |S;1], (b) 15 mm [S54], (¢) 30 mm |Sy4], (d) 30 mm |S,4], (¢) 50 mm |S;4], and

Herein, the results demonstrated in Table 1 suggest that the applied FEM showed higher accuracy
than the NRW. This particular observation was noticed in the |S;;| profile along the thickness range
(15, 30 and 50 mm). However, in the |S,4| profile, NRW exhibited almost higher, if not similar,
accuracy in comparison with FEM. This is because of the calculation of the S-parameters using NRW
involves several approximations that are mostly eliminated with the FEM approach. This in turn
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suggests that the NRW requires further improvement through a mathematical optimization.
Additionally, the mean relative error is believed to be due to the fact that the input dielectric constant
and loss factor are fitted approximately to a normal distribution with center frequency at 10 GHz.

Table 1. Mean relative error of |S;4| and |S,4| using FEM and NRW.

Mean measured

Sample S-parameters S11 S21

S11 S21 NRW FEM NRW FEM
15 mm 0.351 0.865 0.1912 0.1326 0.0733 0.0791
30 mm 0.260 0.891 0.4480 0.0703 0.0341 0.0621
50 mm 0.304 0.875 0.2050 0.0710 0.016 0.0650

4. Conclusion

The reflection and transmission coefficients measurements using R/T rectangular waveguide were
successfully demonstrated for PTFE with different thicknesses. In addition, the shielding effectiveness
due to reflection and absorption of the utilized material was also presented. In particular, the highest
SEg and SE, values were noticed at higher thickness of PTFE; there were 1.878 and 1.248 dB,
respectively. Furthermore, a detailed comparison between the measured |S11| and |S31| as well as the
estimated ones were elucidated using two different approaches; namely, NRW and FEM. Within this
investigation, it was found that, generally, FEM deliver higher accuracy than NRW, particularly in the
|S11| profile.
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