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Abstract: In this investigation, we have reported microwave attenuation characteristics of M-type BagsSrysC0,VF€(12.2019
hexagonal ferrite (x = 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0).The microwave characteristics have been measured from 8.2 GHz to 124
GHz using vector network analyzer. The substitution of Cobalt Co®* and Vanadium V** ions renders increase in attenuation and
total loss tangent and composition x = 0.2 shows large attenuation with 53.94 dB at 12.4 GHz.
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I Introduction:

The gigantic growth in the field of wireless devices or information technology has produced electromagnetic and
wireless pollution. The electromagnetic interference (EMI), caused by electromagnetic contamination, brings about
the failing of electronic gadgets and it is harmful for electronic frameworks. The microwave safeguards or EMI
silencers are utilized to expel or lessen this EMI or stray electromagnetic signs. Ferrites are fused in electrical,
electronic and remote applications, for example, wideband transformers, gyro magnetic gadgets, radar absorbing
materials etc. [1-9]. Their good dielectric and attractive properties render them preferred EMI
suppressers/attenuators over ordinary dielectric materials. M-type hexa ferrites are ferrima gnetic by nature and
utilized as microwave safeguards or EMI diminishment attributed to their inherent properties. In the present paper,
we have reported microwave attenuation characteristics of M-type BagsSrosCoxVFe 224019 hexagonal ferrite
(x=0.0, 0.2, 0.4, 0.6, 0.8 and 1.0).

11. Experimental

The M-type BagsSrosCoxVyFen2.20019 hexagonal ferrite compositions were synthesized using standard ceramic
method (x = 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0). The mixes were blended in stoichiometric proportion subsequent to
weighing. The powders were grounded in an agate pestle and mortar for 8 hours in refined water and presintered at
800°C for 10 hours in an microcontrioller based electric heater. The blends were then grounded again under similar
conditions. The sieving was performed subsequent to include polyvinyl alcholol and blends were changed over into
pellets utilizing hysdraulic press under uniaxial weight of 75 kN/m?. The last sintering was done at 1000°C for 2
hours. The attenuation (o) of compositions was calculated from the measurement of complex permittivity (€” - j&”)
and complex permeability (- ju') (where €’, €” pand i represent permittivity, dielectric loss, permeability and
magnetic loss respectively) at X-band (8.2-12.4 GHz): these complex parameters were derived from S-parameters
which were measured using vector network analyzer (VNA), Agilent model N5225A.

Vector Network Analyzer (VNA)
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Figure 1. Block diagram of Microwave Absorption Measurement Set-Up
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Before measurements, network analyzer was calibrated to check permittivity and permeability of air. Figure 1
shows the experimental set-up to measure microwave attenuation: VNA is connected to rectangular waveguide as
two port network. The ferrite sample is placed across the output port and VNA sends microwave signal to the input
port. The signal characteristics, after passing through ferrite sample, are measured by VNA at the output port.

The attenuation (o)) was calculated using following formula:
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Where A, is the microwave wavelength in free space and €', €', p' and ''represent permittivity, dielectric loss,
permeability and magnetic loss respectively

Total loss tangent (tand;) was calculated using the relation:
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I11. Results and Discussion

The M-type crystal structure is confirmed from X-ray diffractograms.

Figure 2 represents the variation of attenuation (o) and total loss tangent (tand;) as a function of for frequency in
undoped M-type BagsSrosFe,0qg ferrite (x = 0.0). The different peaks of a and tand, are seen encompassing the
investigated frequency region: Both parameters undergo non-linear variation with frequency and show up high a and
tand, in the high frequency frequency. The composition displays highest and lowest o of 48.67 dB and 7.52 dB at
10.97 GHz and 9.96 GHz respectively.
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Figure 2. Variation of a and tand; as a function of frequency in BaysSrysFe;,049 ferrite (x = 0.0).
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Figure 3. Variation of a and tand, as a function of frequency in BaysSrysC0g2Vo2Fe116019 (X = 0.2).
Figure 3 shows a and tand; characteristics as a function of frequency in M-type Bag5Sry5C0q Vo 2Fe11 6019 ferrite (x
= 0.2). Both parameters do not vary much with frequency from 8.2 to 10.88 GHz, however, large increment is

observed from 10.88 GHz to 12.4 GHz. The composition owe highest and lowest a of 53.94 dB and 32.85 dB at
12.4 GHz and 8.62 GHz respectively.
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Figure 4. Variation of a and tand, as a function of frequency in BagsSrysC0q4Vo4Fe11,01 ferrite (x=0.4).
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Figure 4 displays plots of a and tand, versus frequency in M-type BagsSrosC0g4Vo4Fe11,019 ferrite (x = 0.4). In this
case, the different peaks of o and tand, are seen in low as well as high frequency region, however, peaks are more
pronounced in former. highest and lowest a. 0f 41.76 dB and 18.26 dB at 9.46 GHz GHz and 8.95 GHz respectively,
while tand, is highest (0.344) and lowest (0.0215) at 9.46 and 12.23 GHz respectively.
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Figure 5. Variation of a and tand, as a function of frequency in BaysSrysC0q Vo eFe108019 ferrite (x=0.6).

Figure 5 shows wvariation of a and tand; characteristics as a function of frequency in M-type
Bag 5Sro5C0psVosFe10s019 ferrite (x = 0.6). It is ascribed that two peaks of both parameters are seen in the low
frequency region: one peak has lagging part visible while its’ leading part presumably lies outside the investigated
region. The highest and lowest values of o of values 30.31 dB and 28.18 dB are seen at 9.71 GHz and 8.95 GHz
respectively. Similarly highest tand, of value 0.101 is seen at 8.2, while lowest value is 0.0591 at 11.72 GHz.

40 0.2

35 - 0.18

o == qg =—¢=Totalloss tangent 0.16
30 ' _
- 014 £
- %‘}.
2 - 012 £
=20 | 01
= =
15 - 0.08 E
- 0.06 S
10 =

- 0.04

S - 0.02

0 T T T T 0
8 9 10 11 12 13

Frequency (GHz)
Figure 6. Variation of a and tand, as a function of frequency in BaysSrysC0ygVogFe104019 ferrite (x=0.8).

Figure 6 depicts wvariation of o and tand, characteristics as a function of frequency in M-type
Bag 5Sro5C00gVogFe104019 ferrite (x = 0.8). Various peaks in the attenuation and total loss tangent observed. The
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attenuation and total loss tangent varies nonlinearly with frequency in undoped compositions of x = 0.8. The highest
and lowest values of o of values 35.19 dB and 10.01 dB are seen at 10.88 GHz and 9.96 GHz respectively. Similarly
highest tand, of value 0.1305 is seen at 10.88 GHz, while lowest value is 0.008 at 9.96 GHz.
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Figure 7. Variation of o and tand, as a function of frequency in BaysSrysC0; V1 oFe1001 ferrite (x=1.0).
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Figure 7 shows variation of a and tand, versus frequency in M-type BaysSrysC010V1oFe10019 ferrite (x=1.0). Both
parameters exhibit distinct peaks in low and high frequency region; large values are seen in high frequency region.
Highest o with 40.60 dB at 11.14 GHz and lowest a with 4.80 dB at 9.88 GHz. Highest total loss tangent with
0.2512 at 11.14 and lowest 0.0045 at 9.88 GHz.

Table 1. Maximum and Minimum Attenuation (o) and Total loss tangent (tand;) in BagsSrosCoVFe(224O19

ferrite (x=0.0, 0.2, 0.4, 0.6, 0.8 and 1.0)

Cot?;?]OS' Maximum Frequency | Maximum | Frequency | Minimum | Frequency | Minimum | Frequency
& (GH?2) tand, (GH?2) o (dB) (GH?2) tand, (GH?2)
X (dB)

0 48.679 10.972 0.640 10.972 7.522 9.964 0.006 9.964

0.2 53.940 124 1.043 12.4 32.856 8.62 0.110 9.964
0.4 41.769 9.46 0.345 9.46 18.266 8.956 0.022 12.232
0.6 30.315 9.712 0.101 8.2 28.184 8.956 0.059 11.728
0.8 35.196 10.888 0.131 10.888 10.017 9.964 0.008 9.964

1 40.600 11.14 0.251 11.14 4.809 9.88 0.005 9.88

Table 1 lists the maximum attenuation (o) in M-type Bag sSro5C0xVyFe 224 01g ferrite (x= 0.0, 0.2, 0.4, 0.6, 0.8 and
1.0). The highest attenuation 53.940 dB in composition x = 0.2 is observed at 12.4 GHz and lowest attenuation
(4.809 dB) in x = 1.0 at 9.88 GHz. Similarly total loss tangent is maximum (1.043) in composition x = 0.2 at 12.4
GHz and minimum total loss tangent (0.008) in x = 1.0 at 9.88 GHz respectively.
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1V. Conclusions

The microwave attenuation and total loss tangent increases with substitution of Co?* and V** ions in M-type
Bay 551 5C0xVxFe 1221019 ferrite. Composition x = 0.2 carries with highest microwave attenuation of 53.940 dB and
total loss tangent of 1.043 at 12.4 GHz. The undoped composition x = 0.0 also has considerable attenuation of
48.679 and total loss tangent of 0.640 at 10.972 GHz. The investigated compositions have apt scope for microwave
absorber applications as well as reduction of electromagnetic interference.

Acknowledgement:
We are thankful to the Inder Kumar Gujral Punjab Technical University, Kapurthala, Punjab for providing us the
opportunity to carry research work.

References

[1]. C. Singh, S. Bindra Narang, 1.S. Hudiara, Y. Bai, F. Tabatabaei, Static magnetic properties of Co and Ru
substituted Ba—Sr ferrite, Mater. Res. Bull. 43 (2008) 176-184.

[2]. C. Singh, S. Bindra Narang, M. Chandra, H. Kaur, T. Dhiman, R. Kaur, V. Bhikhan, R. Kaur, Manjot,
Investigation of microwave characteristics of Ca-Co-Ti ferrite for electromagnetic applications, IEEE explore 1st
URSI Atlantic Radio Science Conference (URSI AT-RASC), (2015).

[3]. J. Zhan, Y.L. Yao, C.F. Zhang, C.J. Li, Synthesis and microwave absorbing properties of quasi one-dimensional
mesoporous NiCo,0,4 nanostructure, J. Alloys Compd. 585 (2014) 240-244.

[4]. Y. Liu, X.X. Liu, X.J. Wang, Double-layer microwave absorber based on CoFe204 ferrite and carbony! iron
composites, J. Alloys Compd. 584 (2014) 249-253.

[5]. P. Meng, K. Xiong, L. Wang, S. Li, Y. Cheng, G. Xu, Tunable complex permeability and enhanced microwave
absorption properties of BaNi,Co;_, TiFe;qO1g, J. Alloys Compd. 628 (2015) 75-80.

[6]. R. S. Alam, M. Moradi, H. Nikmanesh, J. Ventura, M. Rostami, Magnetic and microwave absorption properties
of BaMg,,,Mn,,,Co,Ti,Fe1,.4401ghexaferrite nanoparticles, J. Magn. Mater. 402 (2016) 20-27.

[711Y P Wu, CKOng, GQ Linand ZW Li, Improved microwave magnetic and attenuation properties due to the
dopant V,0s in W-type barium ferrites, 2006 Journal of Physics D: Applied Physics, Volume 39, Number 14

[8]. S. Salman, S. Afghahi, M. Jafarian, Y. Atassi, Microstructural and magnetic studies on BaMg,Zn,XsxFe 5-4xO19
(X=Zr,Ce,Sn) prepared via mechanical activation method to act as a microwave absorber in X-band, J. Magn. Magn.
Mater. 406 (2016) 184-191.

[9]. H. Bayrakdar, Fabrication, magnetic and microwave absorbing properties of Ba,Co,Cr,Fe;,0,, hexagonal
ferrites, J. Alloys Compd. 675 (2016) 185-188.

A UGC Recommended Journal Page | 149


http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Chandra,%20Madhu.QT.&newsearch=true
http://www.sciencedirect.com/science/article/pii/S0925838813022548
http://www.sciencedirect.com/science/article/pii/S0925838813022548
http://www.sciencedirect.com/science/article/pii/S0925838813021889
http://www.sciencedirect.com/science/article/pii/S0925838813021889
http://www.sciencedirect.com/science/article/pii/S0925838814026012
http://www.sciencedirect.com/science/article/pii/S0925838814026012
http://www.sciencedirect.com/science/article/pii/S0925838814026012
http://www.sciencedirect.com/science/journal/03048853/406/supp/C
http://iopscience.iop.org/journal/0022-3727
http://iopscience.iop.org/volume/0022-3727/39
http://iopscience.iop.org/issue/0022-3727/39/14
http://www.sciencedirect.com/science/article/pii/S0304885316300208
http://www.sciencedirect.com/science/article/pii/S0304885316300208
http://www.sciencedirect.com/science/article/pii/S0304885316300208
http://www.sciencedirect.com/science/journal/03048853/406/supp/C

