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1. INTRODUCTION

Filters in waveguide technology are widely used in satellite communication systems as well as in
microwave telecommunications systems. Filtering is an electronic function whose role is to eliminate a
frequency or a frequency band, or vice versa, to pass a frequency or a frequency band. Volume technologies
are based on the use of rectangular or circular waveguides, dielectric resonators or metal cavities. These
technologies are the most suitable for filtering high power signals [1]-[3]. Several types of filters have been
reported in the literature: there are post type filters, stub type, inserted metal type, waveguide loaded by
dielectrics, and waveguide loaded by ridge sections [4].

In the design of microwave or millimeter wave components, discontinuities play a particularly
important role. These discontinuities are used to perform various types of functions: filtering, phase shifting,
and power matching. In the case of our evanescent mode filters, the discontinuities are created by obstacles
made up of symmetrical or asymmetrical rectangular irises. Many methods have been used to model the
uniaxial discontinuities in cascade [5]-[7], the scattering matrix of the set will be obtained by carrying out the
scattering of the individual discontinuities, assimilated to multi- poles and separated from each other by
waveguide sections of lengths equal to the distances between the discontinuities.

As mentioned in the context of this study, there are various filtering solutions in terms of technology
and topology. In this article, the electrical as well as technological specifications of the filters to be designed
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in the high frequency bands are provided. These specifications often condition the choice of device technology.
The choice of technology is one of the main problems in the design of devices operating in the microwave
and microwave band. Its choice depends on many factors, such as bandwidth, physical circuit size, losses,
power handling capability, and competitive manufacturing costs. This has led to many different transmission
media for the implementation of circuits and systems [8]-[10].

We present the procedure for designing and producing iris filters. The modeling of the various
discontinuities is analyzed by the modal matching method (MMM). The scattering of the whole structure will
be obtained by chaining the generalized scattering (GSMs) of the individual discontinuities [11]-[17].

We propose in this paper, two band-pass filters in waveguide technology having rectangular symmetrical
discontinuities, designed and tested respectively in the band (9—-11.5) GHz and the band (3.5-5.5) GHz. Theses
filters consists of 8 irises placed symmetrically respectively in a standard WR90 and WR 229 waveguide.
These irises are used to very strongly couple the sections in this filter, which allows to increase the
bandwidth and therfore controling the filters matching.

2. DESIGN OF SYMMETRICAL IRIS FILTER
The inductive irises in the rectangular waveguide filters are illustrated in Figure 1, each one is
formed by two transverse discontinuities separated by a waveguide section as illustrated in Figure 2.
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Figure 1. Electromagnetic model of a symmetrical Figure 2. Inductive iris discontinuity
iris filter formed by 8 sections

By means of the electromagnetic simulator, we obtain the scattering matrix S (Figure 3(a)) of the iris (Figure 3(b))
and we calculate thereafter its equivalent network in T. Each iris is represented by two series inductors Xs
and a parallel inductor Xp, as illustrated in Figure 3(c).
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Figure 3. Waveguide filter: (a) iris, (b) matrix S equivalent, and (c) equivalent T diagram

The equations which relate the scattering matrix to the values of the inductors are described in [18] and (1), (2).
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Once the values of the inductors are obtained, we calculate its corresponding value of the impedance inverter
through the following:
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To design the iris using a determined value of the inverter K, we will vary the aperture of the iris,
and using an electromagnetic simulator, we get its S parameters and then the values of Xs, Xp, K and ¢.
Thus, knowing the value of K we can identify the corresponding value of ai, and by means of the associated
parameter @i we calculate the length of the resonator through the following:

lr=Aziﬂ°[n+%®r+®r+1],r=1,...;N (5)

The following figure shows the different equivalent circuits of the filter with waveguide iris, as illustrated
in Figure 4(a). To adapt the equivalent circuit of Figure 4(b) to the shape of the impedance inverter K.
The Figure 4(c) present a section of length @ /2 and - @ /2 on each side of the discontinuity. This addition of
lengths does not change the original circuit. This method gives the approximate dimensions of the filter, but
optimization of the parameters is necessary to determine the appropriate dimensions that give an optimal
response of the desired filter.

Traditionally, microwave analysis was based on approximate equivalent circuits of the device
composed of concentrated elements (coils, capacitors) and distributed (transmission lines), which do not take
into account all the electromagnetic interactions that occurred in the structure. Currently, there are rigorous
techniques that take into account all the effects whose predictions coincide perfectly with the actual
measurements of the devices. More detailed information can be found in references [19]-[25].

When the scattering parameters for each mode at each discontinuity are derived and are related for
all modes in the expansion using the scattering parameters of the waveguide section separating the two
discontinuities, the iris scattering parameters can be calculated. The configuration of an iris discontinuity is
shown in Figure 5. When port 1 is excited by the TEnO mode, the transverse components of the
electromagnetic field scattered in the discontinuity contain only the ‘y’ component of the electric field and
the x ‘component of the magnetic field. So, the electromagnetic fields in region 1 and 2 can be expressed as
the superposition of the modal functions of the TEnO modes in the waveguide and in each section. In order to
facilitate the manufacturing process, a small curvature of radius r has been added, which will slightly modify
the geometry of the start. Likewise, we studied the effect of these curvatures on the results of the parameters
|Sij| and we have found that these curvatures do not strongly influence the filter results. The dimensions and
geometry of this filter.
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Figure 4. Third-order iris filter in the waveguide: (a) filter seen from above, (b) equivalent circuit, and
(c) equivalent circuit modified
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Figure 5. Structure of the volume filter in the X-Band

3. SIMULATION AND EXPERIMENTAL RESULTS

In order to measure this filter, we made the prototype using the milling technique on the hardware of
Alumina-6850 and we tested it using a network analyzer type PNAE8364A from Agilent Technology, after
thru-reflected-line (TRL) type calibrations. In the two prototypes we tested we used 8 iris discontinuities
separated by quarter wavelength cavities. Figure 6 shows a mechanical prototype of one of the two
symmetrical filters.

Figure 6. Prototype of a symmetrical filter formed by 8 symmetrical irises discontinuities

This section, it is explained the results of research and at the same time is given the comprehensive
discussion. Results can be presented in figures, graphs, tables and others that make the reader understand
easily. The discussion can be made in several sub-sections. We have taken into consideration the presence of
rounded corners, because in practice the cavity corners cannot practically be rectangular in shape due to the
radius of the milling tool. The comparison between the experimental and electromagnetic results, which we
obtained for the filters, constitute a means of validation of CST environment and Mician for the design of the
other circuit elements in the different frequency bands. The two filters that we have analyzed are symmetrical
and consist respectively of standard rectangular waveguides WR90 and WR229 in which resonant irises are
inserted. Figure 7 and Figure 8 show the comparison between the simulations and the experimental results.
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Figure 7. Comparison of theoretical reflection Figure 8. Comparison of theoretical reflection
coefficients and those obtained by measurements, coefficients and those obtained by measurements,
X band (WR90) band C (WR229)
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As we can observe in both cases, we obtained a good agreement between the theoretical and
experimental results. We notice that the results obtained using the two tools simulation is in agreement with those
resulting from the experimental results. We note a good consistency between the results. This also demonstrates
the ability of Mician and CST to design this type of filter. The bandwidth of first filter is on the order of 0.7 GHz
and its center frequency is close to 9.85 GHz. We notice a good matching of the transition characterized by a return
losses around (23 dB), and insertion losses around (0.05 dB) in the useful band. The bandwidth of second filter is
on the order of 1 GHz and its center frequency is close to 4.10 GHz. We notice a good matching of the
transition characterized by a return losses around (25 dB), and insertion losses around (0.05 dB) in the useful
band. The designed filters has the best measurement performance reported in the literature to date [26]-[29].
The results obtained are promising and pave the way for the use of these structures in the fields of
telecommunications.

4. CONCLUSION

In summary, we have presented two symmetrical filters based respectively on standard rectangular
waveguides WR90 and WR229 in which resonant irises are inserted, operating respectively in the X-Band
(9-11.5) GHz and C-Band (3.5-5.5) GHz. The simulated results are in good agreement with those obtained
by the experimental once. The bandwidth of first filter is on the order of 0.7 GHz and its center frequency is
close to 9.85 GHz. We notice a good matching of the transition characterized by a reflection coefficient
around (-23 dB) in the useful band. The bandwidth of second filter is on the order of 0.7 GHz and its center
frequency is close to 4.1 GHz. We notice a good matching of the transition characterized by a reflection
coefficient around (-25 dB) in the useful band.
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