Journal of Physics: Conference

Series
PAPER « OPEN ACCESS You may also like

. . . . - Magnetic and microwave absorbin
Microwave absorption properties of single and O@—”‘g Srﬁeggdsape cﬁ_z"n 2 oo

2. 0.4: 0. nanocrystalline

double-layer absorbers based on BaFe,,0,4 and E Handioko, S wan, Sefia Budi et al.

H - Morphology Modification of Barium
S|02 Hexaferrite to Nanorod Particle Using

Chitosan and Starch as Template
Syahwin, MN Nasruddin, Muhammad
Zarlis et al.
To cite this article: M A Marpaung et al 2019 J. Phys.: Conf. Ser. 1402 044069
- Correlation between temperature
dependent dielectric and DC resistivity of
Cr substituted barium hexaferrite
Sunil Kumar, Sweety Supriya and
Manoranjan Kar

View the article online for updates and enhancements.

c '. o ; " - DISCOVER

how sustainability

The ., Ak intersects with
Electrochemical ¢ ' |
Society

Advancing solid state &
electrochemical science & technology

This content was downloaded from IP address 3.145.161.228 on 17/05/2024 at 01:55


https://doi.org/10.1088/1742-6596/1402/4/044069
https://iopscience.iop.org/article/10.1088/2053-1591/aac4d7
https://iopscience.iop.org/article/10.1088/2053-1591/aac4d7
https://iopscience.iop.org/article/10.1088/2053-1591/aac4d7
https://iopscience.iop.org/article/10.1088/2053-1591/aac4d7
https://iopscience.iop.org/article/10.1088/2053-1591/aac4d7
https://iopscience.iop.org/article/10.1088/2053-1591/aac4d7
https://iopscience.iop.org/article/10.1088/2053-1591/aac4d7
https://iopscience.iop.org/article/10.1088/2053-1591/aac4d7
https://iopscience.iop.org/article/10.1088/1742-6596/1091/1/012026
https://iopscience.iop.org/article/10.1088/1742-6596/1091/1/012026
https://iopscience.iop.org/article/10.1088/1742-6596/1091/1/012026
https://iopscience.iop.org/article/10.1088/2053-1591/aa9a51
https://iopscience.iop.org/article/10.1088/2053-1591/aa9a51
https://iopscience.iop.org/article/10.1088/2053-1591/aa9a51
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsvGv--0bVwYBrUG5Zv1EjIAGi0WJ2H3HtC1er_iIjbWk97HHq8NUuFI-60UWJjtztYoM3pWgJ2P55GC-pWzFUbu_q0_P9FFMU3kkyTulwvqmP8p0dl9fGl1mpBHtrol71BqiOhS-ca0xIHwhDgMudjEQTn8Soj1CI78kUA7LH9GD4OjOWLsUunKZMCQySu7ybs_u8WJQki2kAXcxg_HSR8-KVruzX6CiRRXvvgK6b0_Uj1OL6oyGlqvrHeBxU-MzwyyJXz4MaXsZNkfDJmjGcZQ5hGbNXQPwo3s2YRriYNHNKcvutl9V7e3GO8FPCtCP9iTVlVFx03IcHz9F1sDaV62qy6vftos&sig=Cg0ArKJSzEYaIE-ivlev&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

4th Annual Applied Science and Engineering Conference IOP Publishing
Journal of Physics: Conference Series 1402 (2019) 044069  doi:10.1088/1742-6596/1402/4/044069

Microwave absorption properties of single and double-layer
absorbers based on BaFe120O19 and SiO>

M A Marpaung?, E Handoko!", Z Jalil?> and M Alaydrus®

! Dept. of Physics, Universitas Negeri Jakarta, Jalan Rawamangun Muka 13220, Jakarta
Indonesia

2 Dept. of Physics, Syiah Kuala University, Banda Aceh, Indonesia

8 Dept. of Electrical Engineering, Universitas Mercu Buana, Jalan Meruya Selatan No.1
Jakarta, Indonesia

*erfan@unj.ac.id

Abstract. In order to study a new microwave absorption properties of single and double layer
barium hexaferrite and silica have been investigated in X-band (8.2-12.4 GHz) frequencies.
Barium hexaferrite BaFe12019 Was synthesized by ceramic method and Silica SiO; was prepared
from beach sand. Barium hexaferrite and silica SiO, with a total thickness of 3 mm, 4 mm, 5 mm,
6 mm and 7 mm, were characterized at room temperature using vector network analyser (VNA)
Keysight PNA-L N5232A. Reflection loss (RL) of single and double-layer absorbers of barium
hexaferrite and silica were calculated and simulated using the transmit line theory. The minimum
RL value (less than — 10 dB) of single layer barium hexaferrite is —21 dB at 9 GHz. The minimum
RL values (less than — 10 dB) of single layer silica SiO, is —40 dB at 9.2 GHz with 4 mm of
thickness. The results show that double layer absorbing material showed different RL values than
single layer of barium hexaferrite BaFe12019and silica SiOa.

1. Introduction

Nowadays, the operation of electronic devices, local internet, radar systems, and mobile communication
devices affect electromagnetic (EM) noise problems [1-4] and EM interference pollution. The
developing of EM wave absorbers are a very important subject to attenuate them. Barium hexaferrite
BaFe12.019 (BHF) with superior magnetic properties has attracted considerable attention as EM wave
absorbers [5-9]. the other candidate absorber, silica (SiO>) is a good insulator [10,11]. A mixture of
SiO, powder with a magnetic material can decrease the dielectric constant, high-permeability and results
effective impedance match [12-14]. In this paper, we have investigated a new microwave absorbing
properties of single and double layer barium hexaferrite BaFe;.O19 and silica SiO,. The complex
permeability (u = p’ - ju") and permittivity (¢ = &' - j&") that are two important values to determine the
reflection loss (RL) values [15-17], can be resulted by vector network analyser (VNA) Keysight PNA-
L N5232A. For the single layer of barium hexaferrite BaFe:,O19 and silica SiO,, RL values have been
calculated with different thicknesses and for double layer absorbers composed of the layer 1 (Silica) as
the absorption layer and layer 2 (BHF) as the matching layer were studied in detail.
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2. Experimental methods

Barium hexaferrite, BaFe12019 (BHF) was prepared from stoichiometric mixtures of BaCOs; and Fe;0s
with high purity starting materials (> 99 % Aldrich) by solid state reaction method and sintering at 1100
°C for 3 hours. The powder of BHF was produced by high planetary ball mill for 1 hour. Silica SiO; was
prepared from beach sand. Vector network analyser (VNA) Keysight PNA-L N5232A was used to
analyse microwave absorbing properties in range of 8.2-12.4 GHz (X-band). For a double-layer absorber
composed of the layer 1 (Silica) as the absorption layer and layer 2 (BHF) as the matching layer shown
in Fig. 1. Reflection loss (RL) of double-layer can be calculated and simulated using the transmit line
theory by the following Eq. 1, 2 and 3 [18-20].

(Z,-1)

RL (dB) = 20 Log [<z2+1) (1)
7, = Etanh [ (%) v @
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layer 1 is the absorption layer (Silica) and layer 2 is the matching layer (BHF). 1 and 2 are complex
permeability (L = ' - ju") and & and & are complex permittivity (¢ = & - j&"), f is frequency. d; and d»
are the thickness of silica and BHF, respectively. c is the velocity of light.
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Figure 1. (a) Schematic and (b) electrical equivalent circuit of double-
layer structure of the absorption layer (Silica) and the matching layer
(BHF).

3. Results and discussion

Generally, absorbing materials are determined by the complex permeability (u = p’ — ju”) and
permittivity (e = ¢’ — je"). Fig. 2a and 2b show the values of the complex permeability and permittivity
of barium hexaferrite BaFe12019and silica SiO, which are measured in the frequency range of 8.2 — 12.4
GHz. The real (¢') and imaginary (&”) parts of the complex permittivity of silica SiO are larger than
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barium hexaferrite BaFe12O19. The ¢’ values of barium hexaferrite BaFe;2019 and silica SiO; tend to be
constant and there is polarization that occurs when given EM wave in the frequency range of 8.2 — 12.4
GHz. 1t’s indicate that BHF and silica have ability to store the microwave energy. The imaginary (&")
part of the complex permittivity of silica SiO; are larger than barium hexaferrite BaFe1,019 in frequency
of 8.2 — 12.4 GHz that indicate the strong electric loss. The real (i) and imaginary (u") parts of complex
permeability of barium hexaferrite BaFe12019and silica SiO; are shown in the figure 2a and 2b. As can
be seen from the figure, the p" and p” values relatively constant in the range frequency of 8.2—-12.4
GHz. These results indicate the strong magnetic and electric loss are same between barium hexaferrite
BaFe1,019and silica SiO..

5.5
5.0 (a) e e

4.0
3.5
3.0+
2.5
2.0
1.5 1

1.0 1 H
0.5+
0.0+

-0.54 H
1.0 .
8 9 10 11 12 13
Frequency (GHz)

Permeability
Permittivity

u
|
iﬁ

5.0
454 (b)

4.0 €
3.5+ B

3.0
2.5
2.0
1.5

1.0 H
0.5 €
0.0
0.5 K

-1.0

Permeability
Permittivity

8 9 10 1l1 12 13
Frequency (GHz)

Figure 2. (a) The relative complex permeability and
permittivity of (a) barium hexaferrite (BHF) and (b)
silica.

In order to investigate the microwave absorption ability of single layer barium hexaferrite BaFe12019
and silica SiO,, the complex permeability and permittivity are used to calculate and simulate the

reflection loss (RL) with different thicknesses by using Z;,, = \/%tanh [j (@) N[ £] and RL (dB) =

20 Log %} and results are shown in Fig. 3. Fig. 3a shows the RL curves of single layer hexagonal
ferrite BaFe12019 with a thickness of 1.90 mm, 1.95 mm, 2.00 mm, and 2.05 mm. The minimum RL

value (less than — 10 dB) of BHF is —21 dB at 9 GHz. The RL curves of single layer silica SiO, with a
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thickness of 1 mm, 2 mm, 3 mm, 4 mm and 5 mm. The minimum RL values (less than — 10 dB) of silica
Si0O; is —40 dB at 9.2 GHz with 4 mm of thickness (see Fig. 3b).
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Figure 3. Reflection loss values of single layer (a) barium hexaferrite (BHF) and (b) silica with different
thicknesses.

According to circuit and schematic (Fig.1) of double layer absorber composed of the absorption layer
(Silica) and the matching layer (BHF), the reflection loss (RL) of double layer absorbers were calculated
and simulated by using Eg. (1), Eg. (2), and Eq. (3). Fig. 6 shows the RL values of double layer
structures with different thicknesses in the frequency range of 8.2-12.4 GHz. The results show that
double layer absorbing material showed different RL values than single layer of barium hexaferrite
BaFe1,019and silica SiO..
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Figure 4. Reflection loss values of double layer based on
barium hexaferrite (BHF) and silica with different
thicknesses.

4. Conclusions
In summary, Barium hexaferrite, BaFe;2019 (BHF) have been successfully prepared by solid state
reaction method. Silica SiO, have been prepared from beach sand. The double layer structures of
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composed of the absorption layer (Silica) and the matching layer (BHF) with different thicknesses have
been prepared to calculate the reflection loss (RL) values. The results showed that, double layer
absorbing material showed different RL values than single layer of barium hexaferrite BaFe12019 and
silica SiO.
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