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Analysis and Design of Microstrip filters using Photonic
band gap ground plane with fractal periodic pattern
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Abstract — In the present work, four different techniques are used in designing the
microstrip low pass filters (LPF). These techniques include LPF with fractal defected
ground structure (DGS), LPF with continuous minkowiski fractal element, multi-stop
band filter with discontinuous minkowiski element, and finally a wide multi-stop filter
with separated interdigcap shape. A microstrip PBG filter of minkowiski element and
interdigcap shape was designed to operate as a multifrequency band stop filter. With
an appropriate fractal geometry of minkowiski and interdigcap elements, a wide
stop-band at different frequencies are obtained. A continuous sinusoidal fractal slots
are designed to work as a wide LPF. A novel fractal DGS for the microstrip LPF is
proposed. The proposed fractal DGS can provide better band gap, and slow-wave
characteristics. The numerical resuits show that a LPF of continuous and
discontinuous fractal minkowiski elements in ground plane is obtained with a
bandwidth 0 —~ 3 GHz for a slot width 0.5mm. However, if the slot width is taken
equal 0.2 mm, the bandwidth is increased up to 10 GHZ. With suitable choice of
number of elements, one can confrol the filter bandwidth. With a discontinuous fractal
minkowiski and interdigcap element in ground plane, the filter response is forced to
have a stop band at resonance frequency of fp and repeated at 2f;, .. etc. The
numerical results obtained using an analytical technique with the aid of a numerical
package (Sonnet) which is used in microstrip analysis.
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I. Introduction

. Photonic - band gap (PBG)
structures are periodic structures in
which the propagation of
electromagnetic waves is prohibited in
some frequency bands or directions.
The realization of this operation was
obtained initially by a class of periodic
directions that is the photonic
analogous of semiconductors and were
used in optical regions [1]. However,
PBG properties are scalable and
applicable to the microwave and
millimetric-wave range, finding
multiple applications such as the
improvement of antenna radiation
features [2,3], use as broadband
absorbers and reflectors, the design of
broadband filters, high efficiency
amplifiers, power dividers, ... etc. In
microstrip technology, a PBG structure
is obtained by creating a proper
periodic pattern drilled in the substrate
or etched in the ground plane. .The
planner etched PBG configurations
have attracted interest due to their ease
of implementation and  their

compatibility with microwave
integrated  circuits  (MICs) and
monolithic  microwave  integrated

circuits (MMICs) {4-8]. The slots in
the ground plane may have either a
circular shape [4-6] or a sinusoidal or a
triangular profile [7]. The operational
characteristics of the filter are
controlled by the size and the distance
of the ground slots [8].

In the present work, a LPFs
with a wide band-stop response is
realized using PBG structures etched in
the ground plane. A fractal technique is
used in implementation of the PBG
pattern. The fractal pattern is carried
out using either Minkowiski curve or
interdigcap shape in ground plane. A
continuous Minkowiski curve has been
used in the design of wide LPF. In
addition, Interdigcap shape enable the

filter to have wide multi-stop band.
The numerical results obtained using
an analytical technique with the aid of
a numerical package (Sonnet) which is
used in microstrip analysis.

I1. Filter structure

Four different types of filter
structures are presented. The first one
is shown in Fig.l in which the
schematics of the proposed LPF with
fractal DGS is presented. The DGS is
etched on the metallic ground plane.
The dimensions of the etched lattice
are shown in Fig.l. A dielectric
substrate of RT / Duroid 5880 with
0.762 mm thickness and dielectric
constant € of 2.22 has been used. The
line width w is chosen for
characteristic impedance of 50 Q. A
two cross-junction open stubs on the
top metal plane are used to achieve
good matching conditions for the
microstrip line.

The second case, Minkowiski
fractal shape is used in defecting the
ground plane, Fig. 2. The Minkowiski
element used in designing the fractal is
shown in Fig. 2. a. This element is of
length 5.6 mm which is divided into
eight equal segments as shown in Fig.
2.a. Eight and twelve continuous
Minkowiski fractal are used in the
present analysis, Fig. 2 b, c¢. The
substrate. is taken of dielectric constant
& = 10.2, and height h = 0.5 mm. The
microstrip line is of 0.5 mm wide.

The third case wuses _the,
Minkowiski fractal element shown in
Fig. 2.a. However, the elements
obtaining the slotted fractal shape are
discontinuous and separated by a
certain distance. The configuration
consists of nine separated fractal slots
is shown in fig. 3. This structure acts
as a PBG leading to get multiple stop-
band.
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Fig. 1. Fractal defected ground structure

The final case, a fractal of
interdigcap shape is used, shown in
Fig. 4. The dielectric substrate constant
& = 10.2 and height 2 = 0.5 mm, and
microstrip line is 0.5mm wide and has
characteristic impedance Z, = 50 .
The slots are etched in the ground
plane. The configuration consists of
nine fractal slots etched in the ground
plane as shown in fig. 4. The generator
slot of the fractal curve is interdigcap
slot of terminal width 0.8 mm, finger
width 0.4 mm, number of finger pairs
are 4, finger spacing 0.5 mm, end gap
equal 0.5 mm, and overlap equal Imm.

I11. Equivalent circuit model

Fig. 5 shows the equivalent
circuit of the proposed fractal DGS [9].
The band gap characteristics can be
explained by a parallel LC resonator
(L, and C,). The radiating effects are
taken into account and represented by
R,. The equivalent circuit parameters
can be derived from the S-parameters
based on the electromagnetism (EM)
simulation . Once the S-parameters are
obtained, these parameters can be
extracted by using the relationship
between the S-parameters and the
ABCD parameters as follows:

(a) Minkowiski element aperture with a slot of length 5.6mam

(b) Eight continuous Minkowiski fractal slots

. {c) Twelve continuous Minkowiski fractal slots

Fig 2. Minkowiski fractal slots in ground ptane
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Fig.3. The proposed PBG structure with separated Minkowiski
fractal elements etched in the ground plane
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Fig. 5. Equivalent circuit of a microstrip fractal
DGS)

{b) Nine interdigcap
Fig. 4 Filter siructure with the interdigcap.
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where fo and f- are the resonant
frequency and 3-dB cutoff frequency,
respectively



IV. Numerical analysis and
discussion

The LPF with fractal DGS
shown in Fig.l is analyzed. Fig. 6,
shows its scaftering parameters
corapared with that of [10]. The
results show that the filter has a low-
pass band of 0.0 -3.2 GHz at -10 dB,
and a wide stop band at its higher end.

Fig.7 shows the input
impedance of the LPF of Fig.1. The
results shows that the input impedance
is almost real during the pass band and
equal 50 Q which is suitable to be
connected with the coaxial line for
improving the power- handling
capability of the filter [L1].

The LPF of continuous fractal
shape shown in Fig. 2 is analyzed for
different slot widths and different
number of Minkowiski elements. Fig.
8 and Fig. 9 show the scattering
parameters for 8 and 12 Minkowiski
elements with  slot width 0.2mm.
These figures shows that the pass band
of the fiiter is decreased from 10 GHz
at 8 elements to 8 GHz at 12 elements.
Fig. 10 and Fig.11 shows the same
results for slot width equal 0.5 mm.
With increasing the slot width, the pass
band decreases significantly for the
two cases.

The input impedance for the case
of 8 elements with slot width = 0.2
mm is shown in Fig. 12, and its loss
factor is shown in Fig. 13, the
dielectric constant of a lossy material
can be expreseed as a complex
quantity of the form e* = ¢' + je" [121.
The real part € represents the "true”
dielectric constant of the material in
lossless form; i.e, the measure of
displacement currents for a particular
electric field in the material if it were
lossless. The imaginery part ¢€"
represents the dielectric "loss factor” of
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the material; i.e., the losses due to
conduction and relaxation effects.
However, subsurface formation
materials often have appreciable
conductivity and thus a significant loss
factor £" which is greater in magnitude
than £' . Since loss factor is necessarily
measured to some extent when
attempting to measure €, the
attainment of accurate values of &' was
until recently largely frustrated by the
presence of a signpificant loss factor.
Fig. 13 shows that the loss factor is
0dB in the pass-band of the filter,

In order to design a multiple
stop-band filter, a PBG structure of
Fig. 3 with nine apertures elements of
Minkowiski fractal were etched in a
discontinuous  distribution in the
ground plane. The period, d shown in
Fig. 3 is taken 16 mm. The results of
scattering parameters are shown in
Fig.14, where it can be seen that
multiple stop-band performance was
obtained. The first stop-band regions
appears at a frequency of about fp,
which is a function of the period of the
structure, and is calculated
approximately with the following
expression:

pd ==, (0

where d is the period of the PBG
pattern (Fig. 3), The cell distance
between a half guide wavelength, 4, if
B equals to 2zl and B is the wave
number in the dielectric slab, defined
by:

P LI A @

where f is the center frequency of the

stop-band, £, is the effective
permittivity of the filter, and C is the
speed of light in free space. From
equation 2, the fp is equal 3.1 GHz
which is agree with the results shown
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in Fig. 14.  Additional stop-band
regions appear at multiples of fo.

Finally, a LPF of a periodic
interdigcap in  ground plane is
designed. In this case, the following
periodic condition must be satisfied:

fd=z/2 (3)

Using equations (2) and (3),
the period 4 can be calculated for a
required stop-band. Three different
cases of stop bands are designed at
frequencies 8.8 GHz, 8.1 GHz, and
7.75 GHz. From equations 2, and 3, the
obtained periodical distance required
for these frequencies are 3.2, 4.2, and
4.7 mm, respectively

Fig. 15 shows the scattering
parameters for the case in which d=3.2

mm. In this case the center frequency
of the stop band obtained from
equations 2, and 3 is 8.8 GHz which is
agree with the obtained results shown
in Fig. 15. . The second stop is
centered at = 2 fp.

In Fig. 16 and Fig. 17, the §;;
and S;; for the last two cases of d=4.2,
and d=4.7 mm are presented where the
first stop band is ceptered at 8.1 and
775 GHz for the two cases,
respectively. This agree with the
results obtained from equations 2, and
3. In all three cases, the frequency
rejection bands were wide and the
rejection level was satisfactory. The
loss factor is almost 0 dB during the
pass band of the filter as shown in Fig.
18.
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Fig. 6. Simulated S- parameters of Fig .1 for fractal DGS in ground plane
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space equal 4,7mm,

V. Conclusion

A novel PBG microstrip
structure with an array of fractal
Minkowski element and interdigcap
shape etched in the ground plane has
been presented. The configuration acts
as a LPF with multiple stop bands at

the higher end of the filter pass band.
The center frequency of the stop band
ranges are controlled via the geometry
of the fractal aperture array. Wide
rejection bands with a high rejection
level and satisfactory low ripple
outside the stop frequency regions
were obtained. The band-stop filter are
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simulated and analyzed via numerical
package "Sonnet" and verified by an
analytical formula. From the numerical
results, a LPF of continuous and
discontinuous  fractal Minkowiski
elements in ground plane is obtained
with a bandwidth 0 — 3 GHz for a slot
width 0.5mm. However, if the slot
width is taken equal 0.2 mm, the
bandwidth is increased up to 10 GHZ.
With suitable choice of number of
elements, one can confrole the filter
bandwidth. A discontinuous fractal
Minkowiski and interdigcap element in
ground plane force the filter to have a
stop band at resonance frequency of fp
and repeated at fp, 2fp, 3fp ... etc. In
addition, a simple LPF with a novel
fractal DGS has been presented. This
filter has the same frequency response
like that of fractal continuous
Minkowiski filter.
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