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Abstract Two-dimensional electromagnetic bandgap struc-
tures (2D EBGs) are designed and fabricated by moulding/
demoulding. A high permittivity and low dielectric loss
microwave material, Bi,03-ZnO-Nb,Os (BZN) was used.
The impacts of high permittivity on the 2D EBGS’
properties are investigated. As the experiments showed,
wide electromagnetic band gap is found in the frequency
ranges from 5.6 to 10.6 GHz, and 12.6 to 16.6 GHz. The
first gap is greater than 60% of the gap center frequency,
while the second gap is 25% of the center frequency. The
interval between the two gaps is larger than 2 GHz, and the
return loss of both gaps is as large as —40 dB. This
interesting phenomenon of multi band gaps is very useful
for diplexers, multi-mode tunable dielectric antennas and
resonators. Based on these, expansive applications may be
exploited in the future. The experimental results are in good
agreement with the simulations’.
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1 Introduction

Electromagnetic bandgap structures (EBGs) are periodic
dielectric or metallic materials, which can exhibit wide
band pass and band rejection properties at certain micro-
wave frequencies. Since the concept was introduced in
1987 [1, 2], EBGs have become one of the most interesting
areas of research. Inasmuch as only 3D EBGs are ideal to
manipulate the transmission properties of wave at will,
most of the efforts have been aimed to them. Various trials
have been conducted, and a great lot of fabrication
technologies for 3D EBGs have been reported until
recently, such as layer by layer method [3, 4], angle etching
[5], colloidal precipitation [6, 7], photopolymerization
method [8, 9], and so on. And 3D arrangement of elements
and wiring have been adopted in electronic devices to
formulate highly integrated components, thus it is expected
that future photonic devices will also adopt 3D structure.
However, although 3D EBGs are essential for the realiza-
tion of photoelectric integrated circuits, 2D EBGs have
received increasing attention because they can be easily
obtained using conventional semiconductor processing.
Even with the weakness of imperfect band gaps, 2D EBGs
have surprisingly revealed their usefulness in many
domains, for instance, waveguides [10], resonators [11],
antennas [12], fibers [13], lasers [14], etc.

However, present existing technologies for fabricating
EBGs appear to have several shortcomings in the lack of
flexibility in both design and materials. For example, angle
etching method requires a very high accuracy, thus the
severe etching conditions tend to weaken the high symme-
try of the structure. The colloidal precipitation faces the
difficulties to fabricate large scale ordered structures or
introduce controlled defects in the structure. The layer by
layer method, by frequently dry etching, polishing, and
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Fig. 1 A honeycomb sample of 2D EBGs by moulding/demoulding

heating, encounters difficulties in multilayer and introduc-
tion of various materials and defects. Otherwise than these
mentioned above, the materials used for EBGs are mainly
with focus on the semiconductors and other low permittiv-
ity materials—Si, SiO,, InP, GaAs, metal, etc., and the
techniques are often involved in semiconductors process-
ing. So far appropriate techniques and detailed discussions
for high permittivity ceramic 2D EBGs have not been
reported.

Here we proposed a novel fabrication method for
ceramic 2D EBGs by the concept of moulding/demoulding,
and a honeycomb 2D EBGs sample was designed and
fabricated with material of Bi,03-ZnO-Nb,Os (BZN),
which has high dielectric constant and low dielectric loss
at microwave frequency. And the impacts of high permit-

Fig. 2 SEM photographs of
precursory powders. (a) Uncal-
cined powder, (b) calcined
powder
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Fig. 3 XRD of precursory powders and EBGs sample

tivity on the 2D EBGs’ properties are investigated in detail.
Compared with other fabrication technologies it has several
evident advantages. First of all, the procedure is simpler,
easily to obtain accurate symmetric structures. Next, the
controlled defects are easy to be introduced, with less
damage to 2D EBGs. Finally, this method is suitable for the
application of a mass of ceramic materials. In brief, this
technique provides great potential for the fabrication of 2D
EBGs within the frequency range of microwave and
millimeter wave.

2 Sample preparation

First, chemical reagent Bi,O3;, ZnO and Nb,Os as starting
materials were weighed according to the composition
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3Bi,05:2Zn0:3Nb,05(BZN). After twice ball milling and
drying, the powder was calcined at 800 °C for 3 h. Then
ball milling and drying again, granule manufacture was
performed carefully, waiting for mould injection.

At the same time, the melting wax was pulled into a die,
and then cooled down to the room temperature under the
pressure of 40 MPa. After that, a well shaped wax mould
was obtained by etching a designed EBGs pattern on it.

Subsequently, the wax mould was steadily put into the
die again. Once the precursory powder was injected into the
wax mould, a pressure of 30 MPa was applied on it. After
five or ten minutes, the wax mould with the solidified
ceramic body was taken out from the die. Then the wax
mould was removed from the green ceramic body by
heating up to about 160 °C in an oven. Finally, the primary
sample was sintered in the furnace at the temperature of
960 °C for 4 h. Up to this point, a precision 2D EBGs was

Fig. 5 Cross section of 2D
EBGs sample. (a) With uncal-
cined powder, (b) with calcined
powder
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obtained. One picture of 2D honeycomb EBGs sample is
shown in Fig. 1.

With the view of evaluating the effects of precursory
powders on the final sample of 2D EBGs, several types of
examinations have been made, including the grading
analysis by the WQL-11 Granularity Analyzer, the crystal-
lographic form analysis by DC1000 XRD Analyzer, and the
surface and cross section analysis by SEM JSM-6360LV.

The SEM photographs of calcined and uncalcined
precursory powders are shown as Fig. 2(a) and (b). With
the aim of distinguishing the difference of process technique,
the XRD analysis was also carried out, as shown in Fig. 3.
From these photos, we can see obviously that granularity of
calcined precursory powders was slightly larger than that of
uncalcined, but the particle size is more homogeneous. The
curves of granular distributions, shown in Fig. 4, are in
accord with these. And the crystallographic form of calcined
powder is much closer to the finial sample, which results in
much less shrinkages during the sintering procedure, thus
avoiding a great many of microfractures or other damages to
the 2D EBGs sample. The more homogeneous distribution
of calcined precursory powders will also increase the fluidity
during the moulding, thus help the molding and compactness
of our EBGs samples. These results can be validated from
the cross section pictures of sintered EBGs. As Fig. 5 shows,
the cross section of EBGs rod with the calcined powder is
more uniform than that of uncalcined and the grains are more
compact with less defects and microcracks. The high
accuracy of microstructures is sufficient for the practical use.

3 Numeric simulation and measurement

In order to further illustrate the characteristics of moulding/
demoulding technology and the impacts of high dielectric
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Fig. 6 The simulation results of
2D EBGs. (a) The distribution
diagram of electric field. (b) The
transmission and reflection
coefficients

-

(a)

constant ceramic on the 2D EBGs properties, numeric
simulation and experimental measurement were also
conducted.

According to the designed pattern of 2D honeycomb
EBGs fabricated by moulding/demoulding (shown in Fig. 5),
the parameters of simulation model were picked up, with
high permittivity material of BZN, &=76; and the low
dielectric materials of polymethyl methacrylatea(PMMA), €,=
2.2. And the radius of rods was 1mm and the lattice constant
was 4 mm. For the purposes of simplifying the simulation,
the dielectric materials were considered perfect, i.e. the
dielectric loss was zero. The simulation results of transmis-
sion characteristic and energy distribution are shown in
Fig. 6. The transmission and reflection coefficients (S11 and
S21) plots, obtained by the numeric simulation, corre-
sponded to a case of transverse magnetic mode (TM; i.e.
electric field parallel to the rods).

As compared to EBGs reported before with the low
permittivity materials, an interesting phenomenon-a useful
second gap-is observed. In addition, the center of band gaps
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Fig. 7 The measurement results of 2D EBGs
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shifts to low frequency obviously, and the ratio of
bandwidth to the gap center frequency becomes larger, also
the band gap becomes deeper. As can be seen from the
graphs, a wider electromagnetic band gaps are found in the
frequency ranges from 5.6 to 10.8 GHz and 12.6 to
16.6 GHz. The first gap is greater than 60% of the gap
center frequency, while the second gap is 25% of the center
frequency. The interval between the two gaps is larger than
2 GHz. The return loss of both gaps is as large as —40 dB.
Meanwhile, these results are mostly confirmed by the
measurement experiments with Vector Network Analyzer
8720ES by and large, as shown in Fig. 7. The mainly
differences between two graphs exist in the shifts of central
frequency of band gaps to lower frequency and the sharply
ripples in the rejection band. Nevertheless, in consideration
of the shrinkage of 2D EBGs dimension caused by sintering
and the errors of measurement system, the results of
experiments are in good agreement with the simulations’.

4 Conclusions

In this paper, we proposed a novel fabrication method for
ceramic 2D EBGs by the concept of moulding/demoulding.
A 2D honeycomb EBGs sample was designed and
fabricated with material of BZN, which has high permit-
tivity and low dielectric loss at microwave frequency.
Compared with other fabrication technologies it reveals
several evident advantages. So this technique provides great
potential for the fabrication of 2D EBGs within the
frequency range of microwave and millimeter wave.

And the impacts of high permittivity on the 2D
honeycomb EBGs’ properties are investigated in detail, by
means of numeric simulation and measurement. As com-
pared to EBGs reported before with the low permittivity
materials, an interesting phenomenon-a useful second gap-
is observed. In addition, the center of EBG shifts to low
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frequency obviously, and the ratio of bandwidth to the gap
center frequency becomes larger, also the band gap
becomes deeper. This interesting phenomenon is very
useful for diplexers, multi-mode tunable dielectric antennas
and resonators. Based on these, expansive applications may
be exploited in the future.
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