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Design and realization of a magnetic-type absorber with a broadened
operating frequency band*
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In this paper, we present an efficient method to obtain absorbers with broadened operating frequency bands. They
are accomplished by using conventional magnetic absorbing materials (MAMs) in the forms of array and mesh structures,
which are similar to those in the case of a frequency selective surface. The proposed approach is verified not only by
simulations but also by experimental results under the normal incidence at microwave frequencies. Moreover, the wideband
absorber is lighter than the conventional magnetic absorber. These results indicate that our proposed absorbing structures
can be used for designing good electromagnetic absorbers.
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1. Introduction

Absorbing materials, which reduce the reflection of in-
cident waves, have been widely studied in the military field
since World War II.[1,2] In recent years, there has been an in-
creasing interest in absorbers with emphasis on their applica-
tions in solving electromagnetic pollution problems such as
electromagnetic interference (EMI) and electromagnetic com-
patibility (EMC) due to the growing demands of electronic
technologies. Owing to their good impedance matching char-
acteristic, magnetic-type absorbing materials (MAMs) includ-
ing ferrites[3–5] and metal magnetic powders[6–10] generally
have wider absorption bandwidths than the other ones, such
as carbon-type absorbers,[11–13] and are among the most ex-
tensively applied absorbing materials. In practice, MAMs are
manufactured into the form of the Dallenbach structure, i.e.,
the single-layer structure, and they have some disadvantages
such as high density and relatively narrow bandwidth, which
restrict their further applications. In order to expand the op-
erating bandwidth, multilayer structures are usually used in-
stead of single-layer ones.[13–17] However, this increases the
thickness and the weight of the absorber, which are not desir-
able in applications. Therefore, how to design simultaneously
wideband and light weight absorbers is an important issue.

Frequency selective surfaces (FSSs), consisting of peri-
odically arranged elements with arbitrary geometries or their
complementary structures having aperture elements, have ap-
plications in various areas, including in the design of antenna
randomes, filters, and polarizers.[18] Recently, a simple tech-
nique of broadening the operating frequency band by FSS in-

corporation was studied. For instance, one can embed FSSs
into absorbing layers to widen the absorption bandwidth in the
frequency range of interest.[19–21] In addition, it was also found
that FSSs can be used on the top of an absorbing slab to enlarge
the absorption bandwidth.[20,21] What is common for all these
enhancement techniques is that the broadening of the band-
width, without increasing the overall thickness, is achieved by
the FSS resonance effect.

In this paper, another effective method of expanding the
applicable frequency range is proposed. To derive this valu-
able strategy, both the absorbing property and the impedance
matching characteristic of an actual magnetic Dallenbach ab-
sorber are investigated firstly. Inspired by the FSS, we design
some wideband absorbers based on periodic structures by us-
ing the approximate full-wave method combined with the ge-
netic algorithm. Finally, experimental results are presented to
demonstrate these wideband absorbers.

2. Foundation consideration and design
An actual magnetic material is considered as a raw ma-

terial for absorbers, which consists of polymer composites
filled with fine magnetic particles. Its relative complex per-
mittivity and permeability in the frequency range of 2–18 GHz
measured using a vector network analyzer are illustrated in
Figs. 1(a) and 1(b), respectively.

With the given frequency and thickness, the reflection loss
(RL) of an absorber can be calculated by using the following
well-known equation:

RL = 20log |(Zs −1)/(Zs +1)| , (1)
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where Zs is the normalized characteristic impedance of metal-
backed absorbing slabs and can be expressed as

Zs =
√

µr/εr tanh{j(2π f d/c)
√

µrεr} . (2)

Here f is the operating frequency; d is the thickness of the ab-
sorber; c is the velocity of light; and µ r and ε r are the relative
complex permeability and permittivity, respectively.
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Fig. 1. (color online) Frequency-dependent relative complex (a) permit-
tivity and (b) permeability of the actual magnetic material.

Based on the measured electromagnetic parameters
shown in Fig. 1(a), we calculate the absorption properties of
the actual MAM with the above equations under the normal
incidence. The frequency dependences of RL are shown in
Fig. 2(a). It can be observed that the matching frequency fm

tends to shift toward the lower frequency as the thickness of
the absorber increases. However, the RL shows narrow-band
absorption properties for all cases. Here, the absorption band-
width is defined as the frequency band in which the RL is less
than −10 dB.

To reveal the cause of the narrow-band absorption prop-
erty clearly, we analyse the impedance matching characteristic
of an absorber. Figure 2(b) shows the frequency dependence
of the normalized impedance of a 3.0 mm thick absorber. It
can be observed that at the matching frequency fm of 4.0 GHz,
the imaginary part of the normalized impedance Zs is close to
zero and the real part approaches to unity, so a lower RL of

−19 dB can be obtained at this frequency, which is shown in
Fig. 2(a). However, in the frequency range of 4–18 GHz, the
absolute value of the imaginary part |Im{Zs}| is greater than
zero, while the real part Re{Zs} is much smaller than unity,
thus leading to the RL enhancement (>−10 dB). In addition,
it can also be observed that the imaginary part of Zs is nega-
tive, so that the normalized impedance of the absorber can be
rewritten in the lumped-element form as

Zs = R− jX = R+
1
jC

, (3)

where R and C are the equivalent resistance and capacitance,
respectively. It should be noted that these equivalent parame-
ters are all functions of the frequency. From the above expres-
sion, we can see that |Im{Zs}| can approach zero by increasing
the value of the equivalent capacitance C. From the viewpoint
of the impedance matching characteristic, to obtain a lower
RL, the equivalent parameter R should be enlarged to be close
to unity. Inspired by FSSs, here we propose a way to broaden
the absorption bandwidth.
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Fig. 2. (color online) Frequency dependences of (a) the reflection
losses of absorbers with different thicknesses and (b) the normalized
impedance of the absorbing slab with a thickness of 3.0 mm.

Based on the actual material, we firstly present a numer-
ical analysis of some different absorbers with structures sim-
ilar to those of FSSs. The thicknesses of all these absorbers
are assumed to be 3.0 mm. Three cell shapes, i.e., patch,
disk, and cross as shown in Fig. 3, are employed to design
absorbers with the expanded absorption bandwidths. Here,
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we consider two types of periodic structures as in the case of
FSSs, namely the array and mesh structures,[18,22] as schemati-
cally illustrated with the examples of the patch-shaped unit cell
in Fig. 4. Dimension parameters L and D, and periodicity P are
determined by using the approximate full-wave method com-
bined with the genetic algorithm for maximizing the −10 dB
absorption bandwidth in the frequency range of 2-18 GHz, and
the obtained results are summarized in Table 1.

L L L

D

crossdiskpatch

Fig. 3. Element shapes under consideration.

For the first three examples, the actual material is used
in the form of the array structure shown in Fig. 4(a). The

RLs of the optimized absorbers are plotted in Fig. 5 under the
normal incidence in the frequency range of 2–18 GHz. The
−10 dB absorption bandwidth of about 4.5–18 GHz can be
obtained for these three absorbing materials, while it is only
3.2–5.1 GHz for the original absorber with the same thickness
of 3.0 mm, as plotted in Fig. 2(a). This indicates that the oper-
ating frequency band of the proposed absorbing structure can
be increased remarkably as compared with that of the conven-
tional absorber, as expected.

(a) (b)

Fig. 4. Proposed absorbing structures with the square patch unit cell:
(a) array and (b) mesh. Magnetic material parts are colored grey.

Table 1. Parameters of the optimized absorbers with maximum −10 dB absorption bandwidth.

Unit cell
Array Mesh

P/mm L/mm D/mm P/mm L/mm D/mm
Patch 12.4 10.1 – 8.8 6.5 –
Disk 11.0 10.4 – 11.0 10.0 –
Cross 15.8 15.0 7.1 10.0 9.4 1.8
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Fig. 5. (color online) Reflection losses of the optimized absorbers of
the array structure. Their thicknesses are all 3.0 mm.

With the following three examples we wish to demon-
strate that it is also possible to expand the absorption band-
width by using the conventional lossy materials in the form of
the mesh structure illustrated in Fig. 4(b). In Fig. 6, the RLs of
optimized absorbers are plotted for the normal incidence, and
the thicknesses are also equal to 3.0 mm. Absorption bands of
6.2–18 GHz, 5.6–18 GHz, and 4.6–18 GHz can be achieved
for the absorbers consisting of patch, disk, and cross elements,
respectively. Some difference of the absorption bandwidth can
be observed for these three absorbers, but we can see that the
absorption bands are all increased as compared to the refer-

ence case in Fig. 2(a), and this is consistent with our earlier
intuitive analysis as well.
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Fig. 6. (color online) Reflection losses of the optimized absorbers con-
sisting of the mesh structure. The thickness is equal to 3.0 mm.

3. Experimental verifications
In this section, we experimentally verify the feasibility of

broadening the absorption bandwidths by fabricating conven-
tional absorbing materials in the FSS-like structures. The ac-
tual magnetic materials are fabricated into the form of planar
slabs with different thicknesses, and then some post-processes
are adopted to fabricate experimental samples.
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In the first example, the absorber is of the array struc-
ture. We choose the square patch as the unit cell for sim-
plfying the fabrication process. We firstly fabricate an ac-
tual magnetic planar slab with a thickness of 2.6 mm, and
the dielectric material is the polyurethane foam with a rela-
tive permittivity of 1.2. Based on these parameters and the
measured electromagnetic parameters plotted in Fig. 1, the ap-
proximate full-wave method combined with the genetic algo-
rithm is used to optimize parameters P and L to maximize
the −10 dB absorption bandwidth. The determined values
are P = 17.3 mm and L = 13.4 mm. The magnetic planar
slab is cut into many square patches each with dimensions
of 13.4 mm×13.4 mm×2.6 mm, and then inserted into the
apertured foam slab. An optical photograph of the fabricated
absorber is shown in Fig. 7, and the measured RL in the fre-
quency range of 4–18 GHz compared with the simulated re-
sult is plotted in Fig. 8. The great increase of the absorption
bandwidth of the fabricated absorber can be easily observed
by comparison with the result shown in Fig. 2(a).

Fig. 7. (color online) Optical photograph of the fabricated absorber with
an array structure.
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Fig. 8. (color online) Measured reflection loss of the fabricated absorber
with an array structure compared with the simulated result.

The fabricated absorber of the mesh structure is similar to
the previous one analysed in Section 2. In this example, the
disk-shaped aperture element is used for simplfying the fab-
rication process, and an optical photograph of the fabricated

absorber is shown in Fig. 9. Circular holes of the actual mag-
netic slab are drilled mechanically and then filled with epoxy
resin. The relative permittivity of the epoxy resin is approxi-
mately equal to 3, and the fabricated magnetic slab is 3.3 mm
thick. The structural parameters have the following optimized
values: periodicity P = 14.5 mm and the diameter of each
hole L = 12.0 mm. In Fig. 10, we present the measured RL
of the fabricated absorber compared with the simulated result.
It can be observed that the proposed mesh-structure absorber
also shows a broadened operating frequency band. The exper-
imental results, including those in the case of the first sample
shown in Fig. 8, are slightly different from the simulations.
This is most likely due to fabrication tolerances in the experi-
ment.

Fig. 9. (color online) Optical photopragh of the fabricated absorber with
a mesh structure. The back side of the absorber is an aluminum plate.
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Fig. 10. (color online) Comparison between the measured reflection
loss of the fabricated absorber with a mesh structure and the simulated
result.

Furthermore, another advantage can be found for our pro-
posed absorbers. That is, the density of our proposed ab-
sorbers is smaller than that of the original magnetic slabs,
which is beneficial for the practical application. These results
indicate that our proposed absorbing structures can be used for
designing good electromagnetic absorbers not only with wide-
band absorption property but also with light weight.

4. Conclusion
Absorbers with broadened operating frequency band-

widths are presented in this paper and demonstrated by the nu-
merical and experimental results. In contrast, the conventional
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absorbers with the Dallenbach structure show the narrow-band
absorption performance. In addition, the advantage of light
weight can be found in our proposed absorbers, which can
promote the applications such as electromagnetic shielding,
electromagnetic compatibility, and radar cross section reduc-
tion. So our proposed absorbing structures can be used in the
design of good electromagnetic absorbing materials.
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