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IMPROVEMENT OF MICROWAVE ABSORBANCE OF POLYMER COMPOSITES OF W-TYPE HEXAFERRITE POWDERS
BY ATTACHMENT OF FREQUENCY SELECTIVE SURFACE

This work investigates the effect of a frequency selective surface (FSS) composed of a regular array of square loop elements on
the absorption properties of grounded ferrite composites. Polymer matrix composites of CoZnW hexaferrite powders having small
magnetic loss were used as the substrate material. Computational tools were used to model the interaction between electromagnetic
waves and materials and determine the reflection coefficient. Reflection loss and bandwidth were greatly improved by attaching an
FSS with controlled electrical resistance (R) onto the grounded ferrite composites. For the FSS with R =800 Q, the minimum reflec-
tion loss decreased to —25 dB at 10 GHz and the bandwidth was broadened to 7.5-12.5 GHz with respect to —10 dB reflection loss.
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1. Introduction

In resonant absorbers with a quarter wavelength, zero reflec-
tion can be obtained by impedance matching at the surface of
the absorbing layer, which requires an appropriate combination
of magnetic permeability and dielectric permittivity at a given
thickness and frequency of interest [1,2]. Based on transmission
line theory, the impedance matching can be obtained when the
real part of the input impedance is equal to free space impedance
(=377 Q) and the imaginary part is zero. To date, many types
of ferromagnetic metal and ferrite particles in tile or composite
forms have been demonstrated which satisfy the impedance
matching condition, and these have been proposed as radar ab-
sorbing materials (RAM) in various applications [3-7]. In some
cases, however, the impedance matching cannot be obtained
because the intrinsic material parameters are insufficient, or they
limit the matching thickness required for specific applications.

In order to address these issues and improve RAM perfor-
mance, new design techniques have been proposed, including
frequency selective surfaces (FSS). FSS are planar periodic struc-
tures of identical patches or apertures of conducting elements,
and are generally employed in front of a grounded dielectric slab
(substrate) to synthesize high-impedance absorbing surfaces
[8,9]. The behavior of an FSS can be modeled by an equivalent
effective resistor-inductor-capacitor (RLC) circuit [10,11]. In
such an RLC circuit, the shunted admittance can be represented
as a function of R, L, and C, which depend on the electrical
resistance and geometry of the FSS [10,12,13]. Combining an
FSS and traditional RAM can produce new impedance matching,

and, thereby, result in improvements in microwave absorbance
and bandwidth, especially for unmatched RAM.

This study investigates the effect of an FSS composed of
a regular array of square loop (SL) elements on the absorption
properties of grounded ferrite composites. Polymer matrix com-
posites of CoZnW hexaferrite powders having small magnetic
loss were used as the substrate material. It was verified by both
HFSS simulation and circuit theory that microwave absorbing
properties (reflection loss, bandwidth) were greatly improved
by attaching an FSS with controlled surface resistance onto the
grounded ferrite composites.

2. Experimental and simulation

CoZnW hexaferrite powders with a composition of BaCo-
ZnFe;4,0,; were prepared by solid state reaction process. Silicone
rubber was used as a matrix material and mixed with the ferrite
powders whose content was 80% by weight. The mixture was
molded in a coaxial die with 3 mm in inner-diameter and 7 mm
in outer-diameter. The complex permeability and permittivity
were determined from the measured reflected and transmitted
scattering parameters, using a network analyzer.

Computational tools (HFSS 13.0) were used to model the in-
teraction between electromagnetic waves and the materials in the
structures shown in Fig. 1. The absorber structure is composed
of a square loop FSS (SL-FSS) on the top layer and a perfect
electric conductor (PEC) on the bottom layer, separated by the
ferrite composite substrate. An electromagnetic wave (with wave
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vector k) is incident normal to the composite structure with the
electric field (E) and magnetic field (H) polarized as shown in
Fig. 1(a). The dimension of the unit cell and SL-FSS is given
in Fig. 1(b). The resistance of the SL element was varied in the
range of 400-800 Q by varying electrical conductivity at a fixed

film thickness t = 0.02 mm.
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Fig. 1. Schematic description of (a) SL-FSS on grounded ferrite com-
posite and (b) its dimension (D = 10 mm, d = 8.75 mm, w = 0.625 mm,
g=10.625 mm)
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3. Results and discussion

Fig. 2 shows the complex permeability (¢, = u,'—ju,”") and
permittivity (g, = ¢, — je,”") determined in the rubber composites
containing CoZnW hexaferrite powders. The real part of the
permeability (") decreases continuously from 2.3 at 0.05 GHz
to 1.0 at 18 GHz, and a broad magnetic loss (x,”") spectrum is
observed up to 18 GHz. The peak value of 1, is approximately
0.6 at 5 GHz. The dielectric constant is .’ = 6.4, and dielectric
loss is negligible (g,” = 0).
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Fig. 2. Complex permeability and permittivity of rubber composite
containing CoZnW hexaferrite powders

Fig. 3 shows the reflection loss of the ferrite composite
grounded by a PEC with various layer thicknesses. The absorp-
tion frequency band moves to lower frequencies with increasing
layer thickness. However, the reflection loss is not less than
—20 dB at all frequencies and layer thickness.
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Fig. 3. Reflection loss determined in the grounded ferrite composites
with various layer thicknesses

The SL-FSS was attached on the top layer of the grounded
ferrite composite, whose thickness was 2.9 mm, corresponding
to the quarter wavelength thickness at 10 GHz. Fig. 4 shows the
simulation results of reflection loss for the composite structure
with dimensions of D = 10 mm, d = 8.75 mm, w = 0.625 mm,
g =0.625 mm, shown in Fig. 1. It is evident that the reflection
loss decreases and the bandwidth broadens as the electrical re-
sistance of SL-FSS (R) increases. In the case of R = 800 Q, the
minimum reflection loss decreases to —25 dB at 10 GHz and the
bandwidth is broadened to 7.5-12.5 GHz with respect to—10 dB
reflection loss, which is significantly improved as compared with
the grounded ferrite composite without FSS.
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Fig. 4. Reflection loss determined in the composite structure, imple-
mented with SL-FSS on a grounded ferrite composite (thickness =
2.9 mm), with increasing SL-FSS resistance (R)

The reflection loss is determined by the input admittance of
the high impedance surface (Y), which is a parallel circuit of the
input admittance of the grounded substrate (Y,) and the complex
admittance of the FISS (Yrgg), expressed as,



Y =Y, +Yugs =Yo[ Y (Re)+ jY (Im) ] (1)
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where, Y(Re) and Y(Im) are the real and imaginary parts of the
input admittance of the high impedance surface normalized by
free space admittance (¥, = 1/377 Q1), 4 is the wavelength in
free space, d is the substrate thickness, and R, L, C are the resis-
tive, inductive, and capacitive components of Yz, respectively.
Perfect absorption can be obtained at the impedance matching
condition, given by Y(Re) =1 and Y(Im) = 0.

The normalized input admittance of the grounded substrate
(Y,/Yy=Y,(Re) +jY,(Im)) for a thickness d =2.9 mm is shown in
Fig. 5. Short-circuit resonance is found at 10 GHz where quarter
wavelength thickness is 2.9 mm. With respect to the frequency
of Y;(Im) = 0, the circuit is inductive (Y;(/m) < 0) at lower
frequencies and capacitive (Y;(Im) > 0) at higher frequencies.
The real part Y;(Re) is smaller than 1 at almost all frequencies,
which is due to the small value of magnetic losses of the ferrite
composite, especially in the region of 9-16 GHz. Due to this
admittance spectrum, the microwave absorbance is not so great,
as seen in Fig. 4.
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Fig. 5. Normalized real and imaginary parts of input admittance of the
grounded ferrite substrate (Y,;/Y, = Y;(Re) +jY,(Im))

Fig. 6 shows the normalized complex admittance of SL-
FSS (Yrgs/Yo= Yrss(Re) + jYrgs(Im)) calculated from the L and
C values determined by equivalent circuit model [12,13]. For
the SL-FSS with dimensions shown in Fig. 1(b), L and C values
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were calculated to be 3.4x10™ Hand 72.3x 107> F, respectively,
resulting in a LC resonance at 10 GHz. With respect to this
resonance frequency, the circuit is capacitive (Yrgg(Im)) > 0) at
lower frequencies and inductive Ypgs(/m) < 0) at high frequen-
cies. The broad spectrum of the real part (Yxg5(Re)) is observed
with a peak value at resonance frequency, due to the relatively
large surface resistance of the SL-FSS (R). Both the real and
imaginary values of SL-FSS admittance decrease with increasing
R, as shown in Fig. 6.
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Fig. 6. Normalized real and imaginary parts of complex admittance of
SL-FSS with varying varying SL-FSS resistance: (a) R =400 Q, (b) R
=800 Q

The parallel circuit combination of Y, and Yygs approach
the impedance matching condition (Y(Re) = | and Y(Im) = 0)
around 10 GHz, as shown in Fig. 7. The cancellation effect of
inductive and capacitive reactance between Y,;(/m) and Ypgg(Im)
leads to total admittance Y(/m) = 0 in a wider frequency range,
resulting in broader bandwidth. The summing effect of Y,;(Re)
and Yrgs(Re) makes the total real admittance Y(Re) = 1 around
the resonance frequency, especially for large SL-FSS resistance
(R =800 Q), as shown in Fig. 7(b), resulting in a more reduced
reflection loss.
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Fig. 7. Normalized real and imaginary parts of input admittance of
SL-FSS with varying SL-FSS resistance: (a) R =400 Q, (b) R = 800 Q

4, Conclusions

This work investigated the effect of an SL-FSS on the ab-
sorption properties of a grounded ferrite composite of CoZnW
hexaferrite powders. It was verified by both HFSS simulation and
circuit theory that microwave absorbing properties (reflection
loss, bandwidth) were greatly improved by attaching a SL-FSS
with controlled surface resistance onto grounded ferrite compos-

ites. For the SL-FSS with R = 800 Q, the minimum reflection
decreased to—25 dB at 10 GHz and the bandwidth was broadened
to 7.5-12.5 GHz with respect to —10 dB reflection loss, which was
significantly improved as compared with the grounded ferrite
composite without FSS. This technique is efficient for a ferrite
substrate with small magnetic loss where the real part of input
admittance is small enough to satisfy the impedance matching.
The attachment of a resistive FSS provides the additional real
part of input admittance, leading to the impedance matching
with free space.
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