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Abstract M-type Barium-Stronium hexaferrites with the
chemical composition Ba, 5Sr, sCo,Gd,Fe,,_,,0,9 (x=0.0,
0.2, 0.4, 0.6, 0.8 and 1.0) were prepared using a conven-
tional ceramic method. X-ray diffraction (XRD) technique
was used to explore the structure characterization and
phase purity of the prepared compositions. The absorber
testing device method was adopted for investigating the
dependence of microwave absorption of ferrite composi-
tions on substitution and thickness from 8.2 to 12.4 GHz.
The quarter wavelength and impedance matching mecha-
nism are explored to evaluate the microwave absorption.
XRD analysis revealed formation of M (magnetoplumblite)
phase in compositions x=0.0, 0.2, while doped composi-
tions (x=0.4, 0.6, 0.8 and 1.0) displayed coexistence of
M-phase along with orthorhombic phase (BaFe,O,). For
maximum microwave absorption, the doping of Co** and
Gd** leads to the reduction in thickness of composition
and frequency shift from the high to low frequency region.
Composition x=0.8 exhibits good microwave absorber
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characteristics with 96.90% absorbed power and reflection
loss of —15.0 dB at matching frequency and thickness of
8.2 GHz and 2.9 mm respectively.

1 Introduction

The increase in number and type of giga hertz (GHz) elec-
tronic devices, Wi-Fi, Wi-MAX technology, mobile phone
communication, military and aerospace applications, wire-
less local/wide/metro area networks (LAN, WAN or MAN)
has pumped up the atmosphere with the electromagnetic
interference (EMI) or wireless pollution. The EMI induces
undesired spurious fields through the medium, for exam-
ple, electrical or electronic devices, it passes through caus-
ing the malfunctioning of devices. This has motivated the
researchers to explore the materials, to combat EMI, in the
form of microwave absorbers or radar absorbing materi-
als (RAM), anti-electromagnetic interference coatings and
electromagnetic interference (EMI) suppressors.

M-type hexagonal ferrites are ferrimagnetic oxides hav-
ing high electrical resistance, good chemical stability and
corrosion resistivity, low density, low cost of synthesis
etc. and are utilized specifically as microwave absorber
attributing to their large dielectric and/or magnetic losses
in GHz region, [1-3]. Apart from this, these ferrites are
incorporated in disk drivers, video recorders, channel filter
in telecommunication, gyromagnetic microwave devices,
high power transmitters, digital switching applications
etc. [4, 5]. M-type hexaferrites have gained more atten-
tion compared to other class of ferrites (W, X, Y, U and
Z) because of their greater structural stability and unique
magnetoplumbite nature. The literature survey shows that
lots of work carried out in order to investigate magnetic
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and dielectric properties of doped and undoped Sr**, Ca**,
Pb>*, Ba®* and La®* as alkali earth metal cations [6—10].

Sombra et al. studied magnetic and dielectric proper-
ties of M-type barium strontium ferrites in RF and Micro-
wave frequency range [11]; where as K. K. Mallick [12]
has investigated magnetic and structural properties of
M-type barium hexaferrite prepared by co-precipitation
and Deniela et al. [13] worked on the effect of rare-earth
ions addition on phase formation and magnetic proper-
ties of Sr,_,LnFe ;0,9 (Ln=Pr, Nd, Sm, Eu and Gd)
hexaferrites.

A perusal of reports are available on microwave
absorption in ferrites: Kameli et al. [14] investigated
cerium doped M-type Ba,_,Ce,Fe ;0,9 hexagonal fer-
rites and observed maximum reflection loss —16.43 dB
in X-Band at 10.3 GHz. Jafarian et al. [15] studied
M-type BaMg,Zn, X, Fe,, 4,09 (x=Zr, Ce, Sn) hex-
agonal ferrites and found maximum reflection loss
of -19.3 dB at 12.3 GHz with 1.7 GHz bandwidth in
BaMg ¢Zn, oZr, ¢Feg 40,4 ferrite. Moradi et al. [16] pre-
pared M-type BaMg, ,Mn,,,Co, Ti, Fe,,_,,0,4 hexaferrites
and concluded with maximum reflection loss of ~ —17 dB
in x=0.5 around 10 GHz at the matching thickness of
2.7 mm.

In this manuscript, we are reporting structural and
microwave absorption characteristics of Co-Gd doped
Ba, sSr, sCo,Gd,Fe,_,,0,9 (x=0.0, 0.2, 0.4, 0.6, 0.8 and
1.0) hexagonal ferrites prepared by a ceramic method and
sintered at 1150°C for 15 h. The microwave absorption
has been evaluated by quarter wavelength mechanism and
impedance matching mechanism, which to the authors’ best
knowledge is not reported yet.

2 Experimental procedure

2.1 Preparation of cobalt—-gadolinium doped barium-—
strontium hexaferrites

A series of polycrystalline hexaferrites with chemical compo-
sition Bay 551, 5Co,Gd,Fe,, ,,0,9 (x=0.0, 0.2, 0.4, 0.6, 0.8
and 1.0) was prepared using a conventional ceramic method
[17]. A high purity of metal carbonates and oxides BaCo;
(AR grade-Sigma Aldrich, 99.98% pure), SrCo; (AR grade-
Sigma Aldrich, 99.98% pure), CoCO; (AR grade-Sigma
Aldrich, 99.98% pure), Gd,0; (AR grade-Sigma Aldrich,
99.98% pure) and Fe,0; (AR grade-Sigma Aldrich, 99.98%
pure) were used as a starting materials. The stoichiometric
amount of chemical reagents were grounded well for 8 h in
presence of double distilled water medium using an agate
mortar and pastel and then the mixed powder was dried on
a hot plate at 80°C for 3 h. The preparation involved two
major steps. In the first step; the stoichiometric amount of
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oxide mixture was preheated at 1000 °C for 10 h in an electric
furnace (heating and cooling rate of a furnace set at +5°C)
and then slowly cooled to room temperature. The pre-heated
powder was rigorously grounded and then pressed into disk
shaped pellets using a hydraulic press under a uniaxial pres-
sure of 75 KN/m?. In the second step, the pellets were finally
heated at 1150°C for 15 h and then slowly cooled to room
temperature by air to obtain hexagonal powder samples.

The  microwave  absorption  characteristics  of
Ba, 551 sCo,Gd,Fe,_, O,y hexaferrites were studied from
8.2 to 12.4 GHz (X-Band) for different levels of doping of
Co?* and Gd** ions and thickness by absorber testing device
(ATD) method [18, 19]. Figure 1a, b represents a schematic
block diagram of this method.

The prepared samples were characterized at room tem-
perature using FTIR and X-ray diffraction techniques.
The FTIR spectra of all sintered samples were recorded on
Bruker Tenor 27-FTIR spectrometer in wave number ranges
from 1000 to 400 cm™" using KBr pellet method. The phase
purity and crystal structure of obtained hexaferrite sam-
ples were examined by X-ray diffraction (XRD) technique
(Bruker diffractometer Model D8) using Cu-Ka radiation
source (A=1.5405 10\, 45.0 kV, 50.0 mA) in the range of
20=20°-70° with a step scan of 0.02° min~"'.

The frequency synthesizer (HP Model 83751A) generates
frequencies from 8.2 to 12.4 GHz at X-Band in the rectan-
gular waveguide with inner dimensions length=22.86 mm,
breadth=10.16 mm. The isolator allows the unattenuated
microwave propagation from synthesizer to the waveguide,
directional coupler and ferrite composition, and it attenuates
any reflected signal to prevent its reach towards the synthe-
sizer. The directional coupler has one primary input and two
secondary output ports. The peripheral assembly (Isolator,
waveguide and directional coupler) has model 9000 of NVIS,
India. The ferrite composition with metal backed plate was
fitted at the secondary output port 2 and the reflected signal
from composition was measured by power meter connected
to other secondary output port 1. The microwave power meter
(Tektronix-Model 3320) was used to measure the different
microwave signals and S;; parameter was calculated from
reflected power at port 1.

The cathode ray oscilloscope was used to display the
change in characteristics (amplitude, phase and frequency) of
microwave signal after interacting with ferrite compositions.

The reflection loss (RL) can be expressed using the fol-
lowing relation:

RL (dB) = 20 log,,(|S;; ) 1)

The reflection loss of —10 dB equals 90% microwave
absorbed power. The large RL parameter accompanies
more microwave absorption and vice versa.

The reflected power (%) was calculated as:

Reflected Power (%) = (P,/P,,) X 100 Q)
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Fig. 1 a, b Block diagram of absorber testing device (ATD) method

where P, was the reflected power from the composition
backed by a metal plate and P, was the reflected power
from the metal plate without composition.

The absorbed power was calculated using the following
relation:

Absorbed Power (%) = 100 — Reflected Power (%)  (3)

The selected thickness of the composition correspond-
ing to the optimised microwave absorption are: x=0.0
(3.0 mm), x=0.2 (2.8 mm), x=0.4 (2.9 mm), x= 0.6
(2.8 mm), x=0.8 (2.9 mm), x=1.0 (2.6 mm). The terms
matching frequency (f,,) and thickness used in the manu-
script are associated with maximum absorbed power at a
particular frequency and thickness in the composition.

3 Results and discussion
3.1 FTIR analysis

Figure 2 shows FTIR spectra of sintered samples recorded
in wave number ranges from 1000 to 400 cm™!. The two
absorption bands observed between wave number rang-
ing from 400 to 600 cm™!. The first band near 430 cm™'
(v, mode, stretching Fe3*—0%" bond) is attributed to the

vibration of ferric ions at octahedral coordination and
the second band near 583 cm™! (v, mode, stretching
Fe?*—0?~ bond) indicates the vibration of ferric ions at the
tetrahedral coordination of crystallographic sites [20-24].
These are the common features of all ferrites and confirm
the formation of ferrite [25-27].

3.2 XRD analysis

Figure 3a, b shows X-ray powder diffraction patterns of the
prepared Ba 551 ;Co,Gd,Fe,_,,)019 (x=0.0, 0.2, 0.4,
0.6, 0.8 and 1.0)hexaferrite samples. The X-ray diffrac-
tion patterns were analyzing using ‘Powder-X’ software.
All X-ray diffraction lines were identified with their Miiller
indices and indexed to magnetoplumbite (M-type) crystal
structure with space group P6;/mmc, [JCPDS: 51-1879,
a=b=5.8862 A, c=23.137(1) A]. The XRD analysis of
x=0.0 and x=0.2 samples show the major mono phase
of Ba;Sr,sFe,0,9 (hexagonal); while x>0.2 samples
indicate the major phase of Ba, 551, sFe ;0o (hexagonal)
along with the secondary phase of orthorhombic-BaFe,0,
[space group Pmcn (62), JCPDS: 77-2337, a=17.34 A,
b=9.335 A and ¢=10.881 A]. The similar result was
observed in M-type barium hexaferrites reported by Rashad
et al. [28].
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Fig. 2 FTIR spectra of Ba,5Sr)sCo,GdFe (155,09 (x=0.0, 0.2,
0.4, 0.6, 0.8, 1.0) hexaferrites compositions heated at 1150°C

The lattice parameters (¢=>, and c¢) and unit cell volume
(V) of all prepared samples were calculated using following
equations.

For hexagonal structure a=b # ¢ and a=/=90° and
y=120°
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where dj,, is the d-spacing of the lines in XRD pattern and
h, k, [ are the Miiller indices.

Lattice constants (a,c), cell volume (V) and phase per-
centage Ba,sSr,Co,Gd,Fe;, ,, 0,9 (x=0.0, 0.2, 04,
0.6, 0.8 and 1.0) hexagonal ferrite samples are listed in
Table 1. The lattice constant values are found in range of
a=b=5.867-5.880 A, which is slightly lower than stand-
ard values (a=b=5.8862 A); c=23.119-23.273 A; which
are higher than the standard value [c=23.137(1) A] and
cell volume V=690.224-696.035 (1&)3 for all sintered
samples. The c/a values vary from 3.931 to 3.963, which
is lower than standard value (3.980) of M-type hexagonal
structure [29]. According to Table 1, the values of lat-
tice constant ¢ found to increase more compared to a as
Co—Gd doping increases but the cell volume value found to
decrease up to x =0.4 then it is slightly increased.

It is interesting to note that for x=0.0, the high intense
X-ray diffraction line is observed at 20=34.20° with
[h, k, 1] value [114] but for doped samples high intense
lines are observed at 20~32.1° with [h, k, 1] value [107].
The relative intensity of diffraction line with hkl-114
tends to decrease from x=0.0 to 0.2 but this line disap-
peared in x>0.2, revealing that from x=0.4 onwards
crystal symmetry is affected as an impure phase of
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Fig. 3 a X-ray diffraction patterns of Bay 55t sCo,GdFe(15 5,109 (x=0.0, 0.2, 0.4) hexaferrite compositions sintered at 1150°C for 15 h. b
X-ray diffraction patterns of Ba, 55t sCo,GdFe(j5_,)019 (x=0.6, 0.8, 1.0) hexaferrite compositions sintered at 1150°C for 15 h
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Table 1 Lattice constants,

. Co-Gd 20 (deg.) Lattice constants cla Cell volume Percentage of

c/a ratio, cell volume, content (x) phases

and phase percentage _ _ .

Ba, sSr, sCo,Gd,Fe ,_»,, 09 a (A)+0.01 ¢ (A)+0.01 V (A% +0.01 M (%) S (%)

hexagonal ferrites (x=0.0, 0.2,

0.4, 0.6, 0.8 and 1.0) sintered at 0.0 34.240 5.880 23.119 3.931 692.324 100 0

1150°Cfor 15 h 0.2 32.210 5.879 23.120 3.933 692.031 100 0
0.4 32.110 5.878 23.266 3.958 690.244 94.44 5.56
0.6 32.110 5.867 23.228 3.959 692.301 73.33 26.67
0.8 32.116 5.871 23.264 3.963 694.391 75 25
1.0 32.103 5.876 23.273 3.961 696.035 75 25

orthorhombic- BaFe204 detected in these samples. It can
be also seen from Table 1 that c/a value is increased with
doping attributing that the hexagonal crystal symmetry is
slightly changed after doping (x> 0.2). The change in crys-
tal symmetry can be correlated with the coexistence of
non-magnetic — orthorhombic - BaFe204 phase. The per-
centage of orthorhombic-BaFe204 phase is found to mini-
mum (5.56%) in x=0.4 and maximum (26.67%) in x=0.6
compositions. The position of diffraction lines of the doped
samples is found to shift toward lower angles because of
the replacement of the smaller ionic radii Fe’* (0.64 A)
with larger Co®* (0.72 A) and Gd** (0.93 A) cations [30,
311

3.3 Morphology study

The surface morphology and microstructure analysis of
Ba,, 5Sr, sCo,Gd,Fe,,_,,0,9 hexagonal ferrites (x=0.0,
0.2, 0.4, 0.6, 0.8 and 1.0) sintered at 1150 °C for 15 h were
observed by scanning electron microscopy (SEM) and the
SEM images of x=0.0, 0.2, 0.4, 0.6, 0.8 and 1.0 samples
are shown in Fig. 4. It can be seen from the images that
the formed grains are non-uniform and porosity found to
decrease with Co—Gd doping.

3.4 Reflection loss, microwave absorbed power

Figure 5 displays the plots of reflection loss (RL) ver-
sus frequency for different doping levels of Co®* and
Gd** ions as well as thickness of compositions in
Ba, 551, sCo,Gd,Fe,,_,,0,9 ferrites (x=0.0, 0.2, 04,
0.6, 0.8 and 1.0). There is an observation of a non-linear
decrease in RL parameter encompassing from the low to
high frequency region in all ferrite compositions: more
dispersion in RL parameter is noted from 8.2 to 10.0 GHz
in the prepared compositions. Evidently, all composi-
tions display RL parameter more than —10 dB from 8.2 to
11.3 GHz and thereafter RL parameter is below —10 dB at
all frequencies; x=0.2, 0.8 and 1.0 exhibit their respective
maximum RL parameter at 8.2 GHz in the low frequency
region. The dopants Co?™ and Gd** lead to an increase or

decrease in the amplitude of observed peaks of RL parame-
ter and all compositions owe maximum or minimum values
of peaks of RL parameter nearly at the same frequencies
along the investigated frequency region.

Figure 6 depicts plots of absorbed power (P,) versus
frequency at different thickness and dopants Co**-Gd>*.
The absorption curves of the compositions get more sym-
metrical in the high frequency region. The compositions
owe >90% absorbed power along the different frequency
regions. All doped compositions (x=0.2, 0.4, 0.6, 0.8 and
1.0) have lowest absorbed power at 11.89 GHz in the high
frequency region; x=1.0 stays at minimum P, among all
compositions. Among all compositions, x=0.8 stays at
large P, at a number of frequencies along low, middle and
high frequency region.

Table 2 shows the variation of maximum absorbed power
(P,max) With the corresponding matching frequency (f,) in
different compositions of Ba, ;Sr, sCo,Gd,Fe,,_,, 0,4 ferri-
tes. The doping of Co®* and Gd** ions reduces the meas-
ured thickness for P,,,. in composition x=1.0 (2.6 mm)
in comparison to undoped composition x=0.0 (3.0 mm);
same behavior is present in x=0.2, 0.4, 0.6 and 1.0. The
dopants shift the P, .. from high frequency region in
x=0.0 to low and middle frequency regions in doped
compositions: dopants lead to a slight increase in P, in
x=0.8 and vice-versa in x=0.2, 0.4, 0.6 and 1.0. Compo-
sitions x=0.2, 0.8 and 1.0 have P, , at 8.2 GHz, while
x=0.0 and 0.6 have at 11.22 and 10.04 GHz respectively.

3.5 Quarter wavelength mechanism

This mechanism [32, 33] enunciates maximum absorp-
tion of microwave signal on interaction with material with
thickness equals to the quarter wavelength of the micro-
wave signal.

The microwave signal after interaction with metal
backed ferrite composition gets partially reflected by fer-
rite front surface and else will be transmitted through the
ferrite. The transmitted signal is reflected by the metal
plate behind the ferrite composition and arrives again
at the front face of the ferrite. When the reflected signal
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Fig. 4 SEM images of

Bay 551y sCo,Gd,Fe 55,09
ferrites (x=0.0, 0.2, 0.4, 0.6,
0.8 and 1.0) hexaferrite samples
sintered at 1150°C for 15 h
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Fig. 6 Plots of absorbed power vs. frequency and substitution in
Ba 551 sCo,Gd,Fe ,_,, 0,9 (x=0.0, 0.2, 0.4, 0.6, 0.8 and 1.0) hexa-
ferrites sintered at 1150°C for 15 h
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Table 2 Maximum absorbed

! Co-Gd P,max (%) Matching Matching thickness ~ Thickness t=mA/4 (mm)
power, matchmg frequency, doping (x) frequency (f,,,) (mm) (measured) (calculated) quarter wavelength
measured thickness and (GHz) mechansim
calculated thickness in
Bay 551y sCo,GdFe; 5,019 0.0 96.23 11.22 3.0 3.0
(x=0.0,0.2,0.4, 0.6, 0.8 and
1.0) hexaferrites sintered at 0.2 95.39 8.20 2.8 2.4
1150°C for 15 h 0.4 95.56 9.88 29 3.2

0.6 96.14 10.04 2.8 3.0
0.8 96.90 8.20 2.9 2.6
1.0 96.08 8.20 2.6 2.5

from the front surface of ferrite composition is equal in
magnitude and 180° out of phase with the reflected signal
from the metal plate, both signals will cancel each other
and total reflection will be zero. Thus, this phenomenon
can be mathematically represented as:

tm=4.r:;2_5;n=1,3,5....... (6)
where 1, 4, € u and correspond to thickness, free space
wavelength, complex permittivity and complex perme-
ability of the material respectively. The Nicholson-Ross
method is used to derive € and u from S-parameters [34].

Table 2 depicts various parameters associated with
quarter wavelength mechanism, for maximum absorbed
power, applied in different compositions. The undoped
composition x=0.0 with P, . at 11.22 GHz governs
quarter wavelength mechanism; measured thickness is
exactly same as calculated thickness (3 mm). The order
of contribution of quarter wavelength mechanism in
doped compositions is x=1.0>x=0.6>x=0.8>x=
0.4>x=0.2: x=1.0 and 0.6 have calculated thickness
approximately same as measured thickness, however,
more difference is seen between thoeretical and measured
thickness in x=0.8, 0.4 and 0.2.

Composition x=0.0, 0.6 and 1.0 with actual or meas-
ured thickness 3.0, 2.8 and 2.6 mm are integral multiple of
A/4 (3.0, 3.0 and 2.5 mm) at 11.22, 10.04 and 8.22 respec-
tively. The quarter wavelength mechanism gives more con-
tribution in these compositions than x=0.2, 0.4 and 0.8,
but in spite of that there is not much difference in P,,, of
these compositions than x=0.0, 0.6 and 1.0. The next sec-
tion discusses the reason behind this anomaly.

Table 3 shows —10 dB absorption bandwidth (ABW)
shown by compositions; —10 dB bandwidth stands for the
band of frequencies for which RL parameter is >—10 dB
or absorbed power (P,) is more than 90%. Composi-
tion x=0.0 and 0.4 exhibit same ABW of 330 MHz from
9.41 to 10.04 and 9.88-10.21 GHz respectively while
x=0.0 and 0.8 have same 500 MHz from 8.20 to 8.70 and
9.54-10.04 GHz. The large ABW of 840 MHz is seen in
x=0.8 among all compositions.

Table 3 —10 dB bandwidth (BW) for RL parameter >—10 dB in
Ba, 551, 5Co,Gd,Fe|,_,,0,9 (x=0.0, 0.4 and x=0.8) hexaferrites sin-
tered at 1150°C for 15 h ferrites

Co-Gd doping  Lower frequency f; Higher frequency f, BW

x) (GHz) (GHz) (£,f))
(GHz)
0.0 8.20 8.70 0.50
9.71 10.04 0.33
0.4 9.88 10.21 0.33
0.8 8.20 9.04 0.84
9.54 10.04 0.50

3.6 Impedance matching mechanism

The input impedance (Z;,) of a single layer absorber can
be calculated theoretically on the basis of transmission line
theory as [35]:

Zyy = Z,(p,/¢,)""” tanh [j(2nft/ o) (me,) 1/2] %)

where Z =377 Q is the characteristic impedance of free
space and g, p, t, f, ¢ denote complex permittivity, com-
plex permeability, thickness, frequency, and velocity of
light respectively.

When Z,, is equal to Z, the condition prevails for infi-
nite absorption of the signal by the composition.

The input impedance in Eq. 7 is of complex nature i.e.
Z,,=a+] b, where a is the real part and b is the imagi-
nary part. In an ideal situation when |Z| =7,=377 Q
Le. Zy=377 Q and Z;,,=0, the entire signal passing
through the material will be absorbed. However, practically
|Z| #2,=377 Q or Z,.,,#377 Q and/or Z,,,#0, which
causes the decrease in absorption. Therefore, absorption
decreases when Z,,) moves farther from 377 € and/or Z;,,
is non-zero (positive or negative values).

Figure 7 explains Z;,, Z,., and Z;,, values correspond-
ing to the reflection loss or microwave absorption graphs
(Figs. 5, 6) observed in compositions. It is evident from
the plots that no compositions has Z ., =377 Q and/or

Zimg=0. However, compositions x=0.2, 0.4 and 0.8 have
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Fig. 7 Impedance matching mechanism with f, Z;, Z., and
Z

ime Vvalues corresponding to the peaks in RL parameter in
Ba, sSr; sCo,Gd,Fe,,_,, 09 (x=0.0, 0.2, 0.4, 0.6, 0.8 and 1.0) hexa-
ferrites sintered at 1150 °C for 15 h ferrites

relatively both Z,., and Z;,,, more close to 377 Q and zero
than x=0.0, 0.6 and 1.0: this gives more contribution of
impedance matching mechanism in former compositions.
Furthermore the relative contribution in the same compo-

sitions can be expressed as x=0.2>x=0.4>x=0.8. This

Input to
Composition

Output from

Composition f= 11.22 GHz

——

™ TInputto
Composition

" DutpliT Trom ™ 5=

Composition f=10.04 GHz

gives comparable P, .. in x=0.2, 0.4 and 0.8 with x=0.0,
0.6 and 1.0 in table Therefore, impedance matching mech-
anism attributes to the anomaly discussed in the section
of quarter wavelength mechanism. Similar variation was
reported in Li-Sr-Ni ferrites [36].

The quarter wavelength and impedance matching mech-
anism enunciate to predict thickness and frequency for
maximum microwave absorption and design microwave
absorbers.

3.7 Screenshot of microwave signal

Figure 8 displays the screenshots of microwave signal
observed on the cathode ray oscilloscope: the two signals
are displayed on the snapshots: (i) first signal given to fer-
rite composition (ii) second signal transmitted from the fer-
rite composition after passing through it.

The applied frequencies to the compositions on x=0.0,
0.2, 0.6 and 1.0 are 11.22, 8.20, 10.04 and 8.20 GHz
respectively. The spectra in the screenshots convey attenu-
ation (absorption) in the signal after passing through the
compositions, and frequency as well as the phase of sig-
nal remain unchanged. A similar variation is also seen for
other frequencies and, x=0.4 and 0.8 also exhibit the same
behavior.

—'-_’—P——.-—

Input to
Composition

——

Output from
Composition

Input to
Composition

[ utput rom
Composition
—_— —_—

f=8.20 GHz

—— —

Fig. 8 Screenshots of an input signal and the signal transmitted through the Ba sSr, sCo,Gd,Fe;,_,, O (x=0.0, 0.2, 0.6 and 1.0) hexaferrites
sintered at 1150 °C for 15 h. (Amplitude value of signal is a guide to the eye)
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The ferrite compositions do not alter the frequency and
phase of the microwave signal passing through them. In
this way, the signal is not distorted, no de-phasing and fre-
quency shift occurs in the microwave signal after interact-
ing with intrinsic fields of ferrite compositions. More spe-
cifically, the signal does not suffer from frequency, phase
distortion in addition to the intended attenuation.

This variation in signal characteristics is in agreement
with that of observed in Figs. 5 and 6: plots on RL parame-
ter and absorbed power displayed only change in amplitude
for all compositions with frequency and doping, while no
change in phase and frequency of, these two parameters, is
seen.

4 Conclusions

Ba, 551, 5Co,Gd,Fe |, ,, 0,9 (x=0.0, 0.2, 0.4, 0.6, 0.8 and
1.0) hexagonal ferrites have been successfully prepared
using a ceramic method. The undoped composition x=0.0
exhibits microwave absorber or EMI reduction character-
istics with 96.23% absorbed power at matching frequency
and thickness of 11.22 GHz and 3.0 mm respectively.
Among doped compositions, x=0.8 has large 96.90%
absorber power at 8.2 GHz and 2.9 mm. The microwave
absorption can be tuned by variation of frequency, thick-
ness and dopants.
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