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Abstract—One of the parameters that affect the performance of
microwave absorbers is the shape of the absorbers. This paper shows
the performance (reflection loss) of truncated pyramidal and
truncated wedge microwave absorbers in the range frequency
between 8.2 to 12.4 GHz (X-Band) in simulation. The material used
is sugarcane bagasse (SCB) which is one of the new materials that
used to fabricate the microwave absorber. The complex permittivity
was measured using Agilent dielectric probe technique. The designs
were simulated using CST Microwave Studio Software. The
reflection losses between these two shapes were compared.
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|. INTRODUCTION

ICROWAVE absorbers are the main components in

anechoic chamber. They are used in testing scopes
either in telecommunication, automotive and military [1]-[4].
Agricultural wastes such as sugarcane bagasse (SCB), rice
husk and oil palm ash which contain carbon, have the potential
to be used in fabricating the microwave absorber [5], [6].
Sugarcane (Saccarhum officinarum) bagasse is a residue
produced in large quantities by sugar industries. Sugarcane
bagasse has the potential for being used as an alternative
material in fabricating the microwave absorbers used in
anechoic chamber to eliminate reflected signal [7]. The
content of carbon that occurs naturally in sugarcane bagasse
can provide good reflection loss performance. Elemental
analysis of raw sugarcane bagasse using scanning electron
microscope (SEM) showed that the content of carbon in
sugarcane bagasse is 17.89% [8].Carbon is one of the main
elements that helped to absorb the microwave signal. Many
shapes had been developed in fabricating the microwave
absorber such as pyramidal [9] truncated [10], wedges [11],
and multi-layer flat shapes [12].
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Il. MATERIAL AND METHOD

Fig. 1 Ground sugarcane bagasse

Fig. 1 shows the raw material used which is sugarcane
bagasse. Fig. 2 shows the work flow of this project.
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Fig. 2 Work flow

1. DIELECTRIC PROPERTIES

When a material has the ability to store energy when an
external electric field is applied, it is classified as dielectric.
The complex dielectric constant consists of real part which
represents the storage and the imaginary part which represents
of loss [13]. In this work, the dielectric properties of
microwave absorber using sugarcane bagasse were measured
using the Agilent Dielectric Probe Technique. Fig. 3 shows the
measurement of dielectric properties using a dielectric probe.
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TABLEI
DIMENSIONS OF TRUNCATED PYRAMIDAL MICROWAVE ABSORBER

Dimensions (cm
Part Symbols (cm)

Pyramid
Top Width tw 1
Top Length L 1
Top Height th 15
Base Width bw 5
Base Length be 5
Base Height bu 2
Fig. 3 Defining dielectric properties using dielectric probe B. Truncated Wedge Microwave Absorber

Fig. 6 and Table 1l show the dimensions of truncated wedge
microwave absorber designed in CST Microwave Studio
Software.

Fig. 4 shows the average values of dielectric constant for
SCB using the dielectric probe measurement technique. The
average dielectric constant of the SCB was a 1.44.The average
loss tangent for SCB was 0.161.

Dielectric Constant of Sugar Cane Baggase

Sugar Cane Baggase

Dielectric Constant

Fig. 6 Design of truncated wedge microwave absorber

0 . . . . TABLE Il
2 4 6 8 10 DIMENSIONS OF TRUNCATED WEDGE MICROWAVE ABSORBER
Frequency, GHz
Part Svmbol Dimensions (cm)
Fig. 4 Dielectric constant of sugarcane bagasse using the dielectric ar ymbots Pyramid

probe measurement technique Top Width tw 0.1

Top Length f 15

IV. DESIGNING THE MICROWAVE ABSORBER Top Height ty 15

Base Width bw 5

A. Truncated Pyramidal Microwave Absorber
Base Length b. 15

The truncated pyramidal has the basic shape of pyramidal Base Thickness b, 5
but the change is only at the top of the pyramidal. There is a
flat surface on top of the pyramidal shape. In this simulation,
the metal back plate needed to be placed behind the absorber

V.RESULTS AND DISCUSSION

so that the signal can be reflected and absorbed by the sample A. Truncated Pyramidal Microwave Absorber

absorber. Fig. 5 and Table | show the dimension of truncated The average point of reflection loss over a range of
pyramidal microwave absorber designed in CST Microwave frequency can determine the performance of microwave
Studio Software. absorber. In this work, the range frequency used is in between

8.2 — 12.4 GHz. The result of reflection loss for truncated

pyramidal microwave absorber using sugarcane bagasse in

bL=5cm t=1cm simulation is shown in Fig. 7 and Table Ill. Three different
height of the truncated pyramidal were being tested, i.e.,

Ll 10cm, 15cm and 20cm.

bW=5cm
tW=1cm
bH=2em <
tH = 15cm

Fig. 5 Design of truncated pyramidal microwave absorber
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Fig. 7 Reflection loss for different top height (t) of truncated
pyramidal microwave absorber

TABLE 111
AVERAGE S11 PERFORMANCE OF TRUNCATED PYRAMIDAL MICROWAVE
ABSORBER USING DIFFERENT TOP HEIGHT, T,

TABLE IV
AVERAGE S11 PERFORMANCE OF TRUNCATED WEDGE MICROWAVE
ABSORBER WITH DIFFERENT BASE LENGTH, B,

Frequency Average [S11] in dB with different Base Length(b.)

(Simulation)
(GHz) b,=10cm b,=15cm b,=20cm
8.2-124 -31.28 -29.90 -31.82
Best point -53.0 -56.07 -54.11

Average [S11] in dB with different top height(ty)

Fr(egt;&r;cy (Simulation)

ty=10cm ty=15cm ty=20cm
82-124 -26.47 -34.12 -33.11
Best point -41.02 -48.05 -47.13

From the graph, the best average reflection loss is when the
pyramid height is 15cm which is 34.12 dB compared to
average reflection loss when the pyramidal heights were 10cm
and 20cm which showed 26.47 dB and 33.11 dB respectively.
The best reflection loss for the pyramid height of 15cm from
the base is 48.05 dB at the frequency of 9.50 GHz.

B. Truncated Wedge Microwave Absorber

The result of reflection loss for truncated wedge pyramidal
microwave absorber using sugarcane bagasse in simulation is
shown in Fig. 8 and Table IV. Three different length of the
truncated wedge’s base were being tested, i.e., 10cm, 15cm
and 20cm.
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Fig. 8 Reflection loss for different base length of truncated wedge
microwave absorber

From the graph, the best average reflection loss is when the
base length is 20cm which is 31.82 dB compared to average
reflection loss when the length of the wedge’s bases were
10cm and 15cm which showed 31.28 dB and 29.90 dB
respectively. The best point of reflection loss is when the base
length of the truncated wedge is 15cm which is 56.07 dB at
the frequency of 10.8 GHz. Based on the result, the reflection
loss results obtained for the sugarcane bagasse pyramidal
microwave absorbers are significantly better than 10 dB.

VI. CONCLUSION

Different shapes give different performance of microwave
absorber. The results of this study showed that the shape of
truncated pyramidal microwave absorber using the material of
sugarcane bagasse gives better performance compare to
truncated wedge microwave absorber in the range frequency
between 8.2 — 12.4 GHz. This is because, the best reflection
loss performance of microwave absorber is when the top
height of truncated pyramidal is 15cm. From the results,
sugarcane bagasse (SCB) can be used as the alternative
material for fabricating microwave absorber. Besides, the cost
of fabricating the microwave absorber using SCB is also less
expensive than the commercialize microwave absorber. The
usage of SCB as the new material can help save the nature by
reducing the abundant of the residues produced by sugar
industries.
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