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Multiple-Frequency-Tuned Photonic Bandgap
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Abstract—Photonic bandgap (PBG) structures in microstrip
technology have been recently proposed as efficient Bragg reflec-
tors. The periodic patterns employed until now were formed by
a distribution of nonconnected holes (cermet topology) etched in
the ground plane or drilled in the dielectric substrate, giving rise
to single-frequency-tuned band reflectors. In this letter, a novel
pattern that follows a continuous profile (network topology) is
proposed to simultaneously reject multiple frequency bands. It
is formed by the addition of various sinusoidal functions tuned
at the design frequencies. Measurements performed for two-
and three-frequency-tuned PBG microstrip prototypes show that
multiple deep and wide stopbands can be obtained using these
novel devices.

Index Terms—Electromagnetic crystal, filter, microstrip tech-
nology, network topology, photonic bandgap (PBG).

I. INTRODUCTION

NOWADAYS, there is an intensive research effort on the
topic of electromagnetic crystals within the microwave

and millimeter wave community. They are the microwave- or
millimeter-wave-scaled counterparts of photonic crystals, the
new devices that have attracted interest of optical domain re-
searchers in recent time [1]. These devices are periodic struc-
tures in which propagation of electromagnetic waves is not al-
lowed in some frequency bands or directions. The proper ter-
minology in the microwave domain, either periodic structures,
photonic crystals, electromagnetic crystals, photonic bandgap
(PBG) structures or even artificial dielectrics is still of great con-
troversy and under discussion [2]–[4]. It is desirable that a full
agreement on this matter could be reached soon.

Until now, undesired frequencies in microstrip technology
have been usually filtered using short-circuited stubs, one half-
wavelength long, tuned at the frequency to be rejected. Alterna-
tively, a chip capacitor placed to provide a transmission zero at
the undesired frequency has been employed. These techniques
have the drawback of being narrowband and of consuming valu-
able circuit layout area. Recently, PBG microstrip structures
have been proposed as a novel way to accomplish this filtering
providing a broad rejected band. Furthermore, they can be easily
integrated with other microstrip components to miniaturize the
circuit configuration [5], [6].

One of the easiest ways proposed to implement a PBG struc-
ture in microstrip technology consists on etching a periodic pat-
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tern of circles in the ground plane [7]. This way, deep and wide
stop bands are obtained while employing a technique compat-
ible with the monolithic technology. Two-dimensional (2-D) pe-
riodic patterns were first used, although taking advantage only
of the periodicity along the conductor strip direction (effective
one-dimensional (1-D) structures). In fact, due to the high con-
finement of the fields around the conductor strip, it is possible to
use 1-D periodic patterns [8] obtaining similar behavior as the
2-D structures, while reducing the transversal dimension of the
device.

In some designs, it is needed to eliminate more than one fre-
quency. One interesting example is the tuning of the second and
third harmonic in power amplifiers [5] or oscillators. To accom-
plish it, various cascaded PBG microstrip structures, each one
tuned at a different frequency, have to be used [6]. The drawback
of this solution is that the longitudinal dimension is notably en-
larged. To overcome this problem, in this letter, a novel pattern
to be etched in the ground plane of the microstrip line is pro-
posed, obtaining a multiple-frequency-tuned structure that per-
forms simultaneously all the undesired-frequencies rejection.

Until now, all the proposed microstrip PBG structures pre-
sented a periodic frequency response, as corresponds to con-
ventional periodic devices. This fact can constitute a problem
in some filtering applications. However, we can eliminate the
replicas of the response at the harmonics of the design frequency
by employing novel continuous patterns that follow a sinusoidal
law [9], [10]. These sinusoidal patterns etched in the ground
plane of the microstrip line can be seen as a continuous pertur-
bation of the wave velocity in the scattering structure. From the
topological point of view this perturbation can be classified as a
network topology, where the scattering structure is connected
forming a continuous network running throughout the whole
structure [11]. In contrast with it we have the cermet topology
(conventional PBG microstrip devices) where the scattering ma-
terial consists of isolated regions each of which is totally sur-
rounded by the host material.

The structure proposed in this letter has a network topology
but it is a much more sophisticated case than the previously
presented that followed a sinusoidal law. In some sense, it can
be considered a continuous (network topology) PBG structure
where continuous defects have been placed to modify the
bandgap structure properties.

II. M ULTIPLE-FREQUENCY-TUNED PBG MICROSTRIP

STRUCTUREDESIGN

A conventional PBG structure is realized in microstrip tech-
nology by etching a 1-D array of circles in the ground plane
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Fig. 1. Photograph of the ground plane of: (a) conventional (one frequency
tuned) PBG microstrip structure. (b) Double-frequency-tuned PBG microstrip
structure. The pattern is formed by the addition of two Hamming-windowed
raised sines of periodsa = 23:9 mm,a = 14:8 mm and peak amplitude to
period ratiot=a = 0:2: (c) Triple-frequency tuned PBG microstrip structure.
The pattern is formed by the addition of three Hamming-windowed raised sines
of periodsa = 23:9 mm, a = 19:35 mm, a = 14:8 mm and peak
amplitude to period ratiot=a = 0:15:

parallel to the upper conductor strip. The distance between the
centers of adjacent circles is kept constant and it fixes through
the Bragg condition [12] the center frequency of the rejected
band [Fig. 1(a)].

Until now, to reject different frequencies, various conven-
tional PBG structures with different periods had to be cascaded.
Using the novel pattern that we propose the different frequen-
cies will find tuned periodic perturbations and hence all of them
will be rejected.

It is well known in optics that for a weak periodic perturba-
tion of a waveguide, the frequency response in reflection of the
device is given, in a first estimation, by the Fourier transform
of the coupling coefficient resulting from the perturbation [13].
Even though a complete description of the coupling coefficient
of the microstrip waveguide with part of its ground plane re-
moved is not available, this coupling coefficient is strongly re-
lated to the geometry of the perturbation in the ground plane.
Hence, as a first approximation, the frequency response of the
device could be estimated with the Fourier transform of the per-
turbation geometry. As the Fourier transform of a sinusoidal
function is composed of a single frequency, the microstrip with
a raised sine pattern etched in its ground plane will have a fre-
quency response with a prominent rejected band at the design
frequency and with strongly reduced rejection at the harmonics
of it [9], [10]. In the same way, the microstrip with an etched pat-
tern formed by the addition of multiple raised sines is expected
to have a response basically composed of rejected bands at the
frequencies of the sinusoidal functions. This novel design ap-
proach gives rise to the claimed multiple-frequency-tuned PBG
microstrip structure.

Fig. 2. MeasuredS (thin line) andS (thick line) parameters for the
double-frequency-tuned PBG microstrip structure, as shown in Fig. 1(b). The
two Hamming-windowed raised sines have periodsa = 23:9mm,a = 14:8
mm and peak amplitude to period ratiot=a = 0:2: The total length of the
device is 215.1 mm.

To test the performance of these new devices, double- and
triple-frequency-tuned PBG microstrip structures will be de-
signed, constructed and measured. The double-frequency-tuned
PBG microstrip structure, Fig. 1(b), is designed with two added
raised sines: the first one has nine periods of mm
and the second one has 14 periods of mm in order
to have the rejected frequencies around 3 GHz and 4.5 GHz, re-
spectively, using a Rogers RO3010(tm) substrate ( ,
thickness mm) and a conductor strip width of
mm (corresponding to a characteristic impedance of Z
for a conventional microstrip line). Both sines have ,
where is the peak value of the raised sine.

The triple-frequency-tuned PBG microstrip structure is de-
signed with three added raised sines, Fig. 1(c). The first sine
has nine periods of mm, the second one has 11 pe-
riods of mm, and the third one has 14 periods of

mm, to obtain their stopbands centered at 3 GHz, 4
GHz, and 5 GHz, respectively, for the same substrate as above.
In all these cases the ratio is fixed to 0.15. It can be noted that
the amplitude of each particular sine has been reduced in order
to maintain the total amplitude of the ground plane perturbation
in such values that the radiation is kept in low levels. It must be
also pointed out that in both designs the patterns resulting from
the addition of various sines are Hamming-windowed to achieve
a low-rippled response at the passband [14].

Low design frequencies have been chosen in order to measure
the responses of the devices with our HP(tm) 8753-D network
analyzer (up to 6 GHz).

III. EXPERIMENTAL RESULTS

Two prototypes have been studied: 1) a double-frequency-
tuned PBG microstrip structure (with a two-added sine pattern),
and 2) a triple-frequency-tuned PBG microstrip structure (with
a three-added sine pattern) designed as stated in the previous
section. The prototypes have been fabricated by means of a
numerical milling machine. The measurements are shown in
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Fig. 3. MeasuredS (thin line) andS (thick line) parameters for the
triple-frequency-tuned PBG microstrip structure, as shown in Fig. 1(c).
The three Hamming-windowed raised sines have periodsa = 23:9 mm,
a = 19:35 mm, a = 14:8 mm and peak amplitude to period ratio
t=a = 0:15: The total length of the device is 215.1 mm.

Figs. 2 and 3, respectively. Both and parameters are
given.

Two rejected frequency bands centered at 2.85 GHz and
4.65 GHz are observed in Fig. 2 for the double-frequency-tuned
structure. Rejection levels higher than 25 dB are shown for
both stopbands. A flat and low-rippled passband is obtained at
frequencies below 2 GHz.

In Fig. 3 three rejected frequency bands corresponding to the
triple-frequency-tuned device can be seen at 3 GHz, 3.85 GHz,
and 5 GHz, respectively. The achieved rejection levels are ap-
proximately 20 dB for the first and second one, and more than
16 dB for the last one. The reduction observed in the bandwidths
and rejection levels compared with the double-frequency-tuned
prototype is due to the smaller t/a ratios employed. This filter
has also a flat and low-rippled passband below 2 GHz.

IV. CONCLUSIONS

Novel patterns consisting in the addition of various sinusoidal
functions have been proposed for the PBG microstrip structure
ground plane. These continuous patterns can be considered as
the network topology counterpart in microstrip, in contrast with

the conventional discrete patterns that can be seen as cermet
topologies.

Measurements show that the proposed device behaves as a
multiple-frequency-tuned band reflector, avoiding the need of
cascading conventional PBG devices. A promising application
of these novel devices can be the suppression of the second and
third harmonic in power amplifiers and oscillators.
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