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A compact configurable
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Abstract: A novel design of a configurable dual-band EBG (Electromag-
netic Bandgap) bandpass filter is proposed. The EBG filter is manufactured
by a conventional 2-layer PCB process in RO4350 substrate with surface
mounted lumped capacitors. Specific working frequency of each band of the
filter can be selected on demand by adjusting the value of corresponding
capacitors, while the filter’s performance and compact design is not com-
promised. The experimental results show a filter with size of 28.00 X
28.00 x 1.52mm?> in PCB achieving performance of insertion loss of
2.18dB, 2.24dB; return loss of 14.5dB, 11.3dB at 2.30GHz, 4.1 GHz
respectively. The filter has band to band isolation better than 48.0dB and
spurious free region up to 9.00 GHz.
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1 Introduction

With an increasing demand for multipurpose wireless applications, more wireless
systems are calling for multifunctional/multiband operations with support of a
single broadband transceiver module. A multiband bandpass filter with compact
size, planar configuration, and high performance is an integral part of a single
transceiver implementation architecture.

The multiband filters have been researched intensively and their implementa-
tions can be classified into three main categories. The first category is to use two
or more resonators with controllable fundamental and higher order resonant
modes, such as stepped impedance resonators in dual-band BPFs [1], stub loaded
SIR in dual-band BPF [2], stub loaded resonator in dual-band BPF [3], and quad
mode resonators in quad band BPFs [4]. Generally, the nth resonant modes of
each resonator need appropriate coupling for building up the nth passband. Since
the resonant modes of such resonator are often dependent on each other, this
method sometimes is difficult to place some resonant modes in desired or useful
frequencies.

The dual-mode multiple band BPF has been an attractive candidate for multiple
band applications owing to its compact size, simple physical layout, and design
procedure. However, the dual-mode multiple band BPFs [5, 6, 7] using a single
resonator have reported a poor band to band isolation and notch like upper
stopband of the second passband.

In the last category, multiple independently constructed single band filters
working at specifically selected frequencies are combined to implement a multiple
band filter by sharing input and output ports [8, 9]. A good isolation between those
bands has been achieved. However, the filters usually have an area multiple times
larger than that of the single band filters.
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EBG filter/resonator [10, 11, 12, 13, 14] has attracted a lot of attention in recent
years due to its high Qu (Unloaded Quality Factor), ease of integration with other
RF front end components and low cost. Most recently, a Compact Configurable
EBG (CEBQ) filter was demonstrated to function at specifically selected working
frequency by simply adjusting an external capacitor by this group [14].

In this paper, a novel design of an EBG based dual-band filter is proposed to
achieve targeted performance while alleviating the constraints imposed by afore-
mentioned working frequency selection, band to band isolation, and size issues. To
implement a compact dual-band EBG filter on demand, two single band filters with
one set of external capacitors like the filter discussed in [14] are combined together.
By sharing a common EBG substrate between the two, each filter has a better
energy storage (i.e. higher Qu) than it would have with a half size of the substrate.
In addition, the use of two sets of external capacitors will not derail the design of
EBG substrate for an individual filter. Specific working frequency of each band of
the filter can be selected on demand by adjusting the value of corresponding
capacitors, which determine the resonance frequency. Such a design of dual-band
filter has size smaller than twice that of a single band filter and can work at multiple
frequency bands without compromising individual band performance. In this paper,
an implementation of a dual-band EBG filter with a standard two layer metal PCB
technology is presented. Effectiveness of our design is verified by the agreement
between simulation and measurement results.

2 Design of the proposed dual-band filter

Shown in Fig. 1(a) is 3D diagram of the proposed EBG filter to operate at dual
bands and implemented in a common two-layer PCB. Energy transition and
coupling circuit is designed on the top plate. It utilizes a Co-Planar Waveguide
(CPW) to couple energy into the EBG substrate defined by the filter frame. For
efficient coupling of energy to the EBG substrate, an electric short circuit at the end
of the CPW and a co-existing electric open circuit of slotline are designed.
Broadband energy transition and coupling is achieved by utilizing circular open
slot as shown in Fig. 1(a), resulting in a relatively wide working frequency range in
filter without performance degradation.

Electroplated hollow copper via holes serve as the periodic lattice in EBG
substrate and connect the top layer with the bottom one. Air gaps separating metal
pads from surrounding ground plane in the bottom copper layer are used for surface
mounted capacitors as depicted in Fig. 1(b). A resonator is made up of the copper
post, lumped capacitors shown in Fig. 1(b) and surrounding copper posts. Its
equivalent circuit is shown in Fig. 1(c). By changing value of the lumped
capacitors, working frequency of the corresponding resonator can be changed.

This proposed filter is combined by two single band filters made up of
resonators. The first one consists of Resl (Resonatorl) and Res2 working at the
same frequency and determines the first working frequency band of the dual-band
filter, while Res3 and Res4 representing the second single band filter, and
contributing to the other frequency band. Please note that these four resonators
share a common EBG substrate without having interference between them. The
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Fig. 1. Schematic of the proposed filter design. (a) 3D Diagram of
proposed dual-band filter with generalized lumped capacitors
attached on the bottom plate of the filter (b) Enlarged view of
the attached lumped capacitors (¢) Equivalent LC resonance
circuit of Fig. 1(b).

ability to put two filters in close proximity to each other in this design leads to a
compact size multiband filter.

Due to dependence of filter performance on the lumped capacitors’ Q factor
[14], a group of small value lumped capacitors is connected in parallel in each
resonator for a relatively big capacitance value and high Q factor as shown in
Fig. 1(b). Since the working frequency of the filter depends on the combined value
of the capacitors, a relatively low operating frequency can be achieved in this
compact filter design. Furthermore, an extremely wide spurious free region can be
achieved in the EBG filter.

3 Experimental results and discussions

To demonstrate the proposed EBG filter, a full-wave simulation solver HFSS is
used in theoretic design of dual-band bandpass filter operating at 2.3 and 4.1 GHz,
and Rogers RO4350 substrate with a dielectric constant of 3.66, a thickness of
1.524 mm and loss tangent of 0.004 is used for experimental work. In implementing
the filter, a standard two layer metal PCB process is used to construct the metal via
posts, top and bottom metal plates.

Fig. 2 shows photographs of the fabricated filter with attached SMA connec-
tors. ATC600L 0402 (0.5mm X 1.0 mm) series lumped capacitors were chosen for
their small size and relatively high Q factor in implementation of the proposed EBG
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(b)

Fig. 2. Photographs of fabricated dual-band filter. (a) top view of filter
(b) bottom view of filter.

bandpass filter. Bottom view of the filter loaded by ATC600L series capacitors is
shown in Fig. 2(b). Working frequency of the bandpass filter can be easily adjusted
by loading different value capacitors on the filter.

The fabricated filter was measured using an HP 8510C network analyzer. A
short-open-load-through was adopted for calibration of measurements.

Insertion loss and Qu of the EBG filter depend on the Q factor of the surface
mounted lumped capacitors which varies with their capacitance value and working

frequency [14]. The simulated and measured results of the dual-band filter are
shown in Fig. 3.
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Fig. 3. Simulation and measurement results of proposed dual-band
filter.
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Excellent agreement was obtained where the filter exhibited two passbands.
The tiny deviation between simulated and measured results may be attributed to the
fabrication errors, the parasitic effects of the SMA connectors, and the parasitic
capacitance or inductance introduced in manually soldering. The two passbands of
the filter centered at 2.3 and 4.1 GHz have 1 dB fractional bandwidths of 2.3% and
2.5%, and measured minimum insertion losses of 2.18dB and 2.24 dB, respec-
tively. Two passband return losses are better than —14.0 dB. The measured loss is
dominated by the Q of lumped capacitors, which results in an effective Qu of 293
for the filter. From the measurement results, the band to band isolation of the filter
is better than 48.0 dB. The spurious signal suppression in the upper frequency band
range from 4.5 GHz to 9.0 GHz is higher than 30 dB.

4 Conclusion

In this letter, a novel configurable dual-band EBG filter with a compact size of
28.0 x 28.0 X 1.52mm? and operating at 2.3 and 4.1 GHz was demonstrated in a
standard PCB manufacturing technology. The measured results demonstrate good
performance of the filter with respect to Q factor, insertion loss, return loss, band to
band isolation and wide spurious free region. Working frequency of each band of
the filter can be selected by simply changing the value of corresponding lumped
capacitors. The current design can be extended to triple or quad bands filter with
additional sets of resonators and a minute increase of total size of the filters, since
they all share the same substrate. The current design of the filter also suggests that a
compact high Q multiple band filter with tunable working frequency of each band
be achievable, when the lumped capacitors are replaced by varactors or PIN diodes.
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