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Abstract—This paper presents a novel waveguide band pass filter
using Sierpinski fractal-shaped irises. The bandwidth of the proposed
filter is more than 5.5 times in comparison to similar waveguide filter
with rectangular shape iris. The offered filter is designed and simulated
using Ansoft HFSS and then fabricated. The results show less than
0.5dB insertion loss and return loss better than 13dB in operation
frequency band for the proposed filter.

1. INTRODUCTION

Waveguide band pass filters are frequency-selective circuits or devices
that perform valuable functions in microwave equipment used in
communications, electronic warfare, radar, automatic test equipment
and various microwave multiplexers [1, 2].

Waveguide band pass filters with cavity have benefits such as
characteristic stability and small losses, but there are major challenge
in designing them, for example high weight and dimension. Previous
researches contain many different filtering structures that employ
directly coupled microwave resonators of various shapes, such as
inductive and capacitive irises with stub and circular or arbitrary
shaped posts, rods and diaphragms [3-6].

In the approach direct-coupled waveguide resonator filters are
designed by starting from a prototype with inverter-coupled lumped-
element resonators. = The resonators are then replaced by the
distributed equivalent elements by equating the susceptance slops of
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the actual resonators to those of the lumped-element resonators at
the band pass center frequency. Inverters are then replaced by their
practical equivalents that involve a shunt reactance surrounded by
waveguide pieces with negative lengths [1, 8].

In the last several years, microwave filters have been used in
various types of applications in communication systems. However, in
recent years the rapidly growing demand for portable systems has lead
to the need for low profile and cost effective systems [7].

Using fractal iris is one of the techniques to compact the size of
filters. Fractal geometry optimizes the shape of the filter in iteration
to increase its electrical size. Fractals are geometrical shapes, which
are self-similar, that means some of their parts have the same shape
as the whole object but at a different scale [9, 10].

Fractal-shaped antenna elements present various advantages: wide
bandwidth, multiband, miniaturization, and high directivity [10, 11].

In [12], a waveguide band pass filter with Koch fractal-shaped
irises is presented. By applying first iteration Koch fractal-shaped
irises, the bandwidth is increased and the overall size is reduced in
comparison to a waveguide filter with rectangular-shaped irises.

To fabricate a waveguide bandpass filter, many approaches such
as filling waveguide by multi-layer dielectrics [13] or by using substrate
integrated waveguides (SIWs) can be found in literature [14]. However
its disadvantage is the large length which, can be reduced to some
extent by using folded and half-mode SIWs [14].

In this paper, a novel waveguide bandpass filter with Sierpinski
geometry as a periodic structure is designed and fabricated. The
advantages of the proposed structure are its greater bandwidth in
comparison with conventional waveguide filter with rectangular iris.

2. THEORY AND DESIGN

In this section, we provide a common step by step design for a
band pass waveguide filter based on Chebyshev approximation. The
approximate center frequency is located at 9.25 GHz and the filter
bandwidth is about 1.5 GHz, the ripple in pass band is 0.5 dB.

A WR-90 waveguide (0.9in x 0.4in) is selected as the primary
frame for the waveguide filter. The guide wavelength can be calculated
as:

1
Ag = (1)
\/ (0.08472f)? — (1/2a)

where a is the waveguide width in inches and f the frequency in GHz.
With respect to the Chebyshev filter design equation the orders of filter
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have obtain to n = 5 and lamped elements prototype for equivalent
low pass filter with 0.5 dB ripple by considering go = 1, gn+1 = 1 and
w' =1 are extracted from [1]. For n =5, we have:
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All parameters are defined in [1]. By considering the ratio

a/\ =0.12, we can obtain the gap between each pair of irises.
Therefore, we have:

di = dg =0.337, dy = d5 = 0.193, d3 = ds = 0.175

and the separation between irises in inches is found by using the
following formula [1].

1 2X, 1. 2X,
0]-:7T—2<tan_1201’3+tan_12+1) j=1,...,n (4)
and then these angles in radians are converted to lengths in inches by
using the rule that:

_ Bidgo i—=1

l; .
7 27_[_ I

Cym (5)

so that we have:
Ih =15 =0.702, I =14 =0.748, I3 = 0.752

In this design, we used Sierpinski fractal iris to enhance the
bandwidth of proposed filter instead of rectangular one.

As it can be seen in Figure 1, in Sierpinski fractal, the triangle is
decreased to 1/2 height and width, make three copies, and position the
three shrunken triangles so that each triangle touches the two other
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Figure 2. Horizontally intersected view of proposed filter.

Table 1. Characterizing parameter values of the proposed filter
(a =0.9inch, L = 5.264 inch).

parameters dl = d6 dQ = ds d3 = d4 la = lb l1 = l5 12 = l4 l3 a L

Values

. 0.337 | 0.193 | 0.175 | 0.778 | 0.702 | 0.748 |0.7518|0.9 |5.264
(inches)

triangles at a corner. With similar iteration for each smaller triangle,
the Sierpinski fractal can be made. This fractal is strictly self-similar
because its parts are identical replicas of the whole structure. The
self-similarity in the Sierpinski fractal geometry can be used to achieve
multiple bandwidths and increase bandwidth of each single band.

3. FABRICATION AND MEASUREMENT

The proposed filter with Sierpinski fractal iris, shown in Figure 2, was
fabricated based on the dimensions specified in Table 1. The Filter
was fabricated on WR90 waveguide. A photograph of the fabricated
filter is shown in Figure 3.
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Figure 3. Photograph of the fabricated filter. (a) Top view. (b) Inside
view.

Table 2. Comparison of different irises for a waveguide filter at X-

E LAY AL A

260

Bandwidth (MHz) Ref. | 1410 | 1380 | 1290 | 1680 | 1320 | 1450

[12]

Band Path Ripple (dB) 1 1 1 1 1 1 0.5
Fabrication

E: Easy, D: Difficult

E E D D D E E

1 542 | 531 | 496 | 646 | 5.08 | 5.58

Bandwidth Enlargement | . . : . - . .
times | times | times | times | times | times | times

A comparison of different irises with conventional rectangular
shape iris [12] is presented in Table 2. As it can be seen, by using
the Sierpinski fractal iris, the bandpass of the proposed filter can be
increased while the bandpass ripple is decreased into 0.5dB. It is also
easy to fabricate compared to its counterparts.

The measured and simulated results of the fabricated filter with
are in good agreement. The measured insertion loss in the pass band
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Figure 4. Simulated and measured S-parameters for the proposed
filter.

remains less than 0.5dB, and the return loss is better than 10dB
throughout the pass band. The filter was simulated with Ansoft’s
High-Frequency Structure Simulator (HFSS™) and the return-loss
was measured using the Agilent 8722ES Network Analyzer (50 MHz—
40 GHz).

Each fractal structure is formed from a collection of scaled versions
of the primary generator. Therefore, different resonant frequencies that
are dependent on the scaling factor of the fractal will be created. If
these resonant frequencies are sufficiently close to each other, they
will overlap, and consequently, overall bandwidth will increase. On
the other hand, the overall size of the proposed filter is extremely
decreased. This means that this new structure operates in the center
frequency equal to a waveguide filter with rectangular irises, but with
a considerable lower volume.

The simulated and measured S-parameters responses of the
proposed filter, which are in good agreement, are presented in Figure 4.
Since the cutoff frequency of WR-90 is 6.56 GHz, below this frequency
nothing can pass through the waveguide. As can be seen from the
figure, this filter has also a wide passband with fairly low loss at X-
band compared to the conventional filter. It can also be tuned for use

in the dual band (X/Ku).
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4. CONCLUSION

In this paper, a novel Sierpinski fractal waveguide for a center
frequency of 9.25 GHz with 1.45 GHz bandwidth has been simulated
and fabricated. This filter can be used in a variety of X-band
applications such as phase array antenna systems, satellite and space
communications. The simulation and measurement results show good
agreement. By using fractal-shaped irises, the filter bandwidth is
increased while the overall size of structure is decreased.
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