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satellite application
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Abstract. This paper presents a synthesis, design, and simulation of a bandpass rectangular waveguide filter with symmetrical
transverse discontinuities operating in the X-band (WR90) with a central frequency of 11GHz, a fractional bandwidth of 3.1%,
an undulation ripple of 0.014 dB inside the bandwidth, and a return loss level around 15 dB. The simulation is effectuated
under the HFSS environment, where the results of the S-parameters in dB and degree were verified using a CST environment.
The obtained results had proven the validity of the conception of our structure since it has shown a symmetrical aspect around
the central frequency in both 3D simulators after optimizing the overall dimensions of the irises, also our study has proved that
irises are a reliable way to design bandpass filters especially, where their dimensions mainly affect the filter response in terms
of the return loss quantity, the insertion loss, and the filter’s bandwidth.
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Introduction

The growing interest in microwave applications and
the overload utilization of the frequency bands had led to
the saturating of the frequency spectrum[1]. This range
was divided into a certain number of frequency bands,
where each band was represented by a letter and dedicated
to some specific applications. For example, several
applications are operating in the L-Band (1-2GHz), such
as GSM, CDMA, GPS, marine satellite, and military
telemetry. While commercial applications using
Bluetooth, or Wi-Fi are performing in the S-Band (24GHz). More the X-band (8-12GHz) is generally
commercialized in military and industrial applications,
especially with microwave waveguides [1–3]. In addition,
satellite TV applications, VSAT, Radar, and astronomy
applications are offered in the Ku and K-Band operating
respectively in (12-18GHz) and (18-27GHz) ranges. As a
result, establishing some filtering devices has become a
major concern, since the frequency spectrum has become
a limited source. Filters are devices having the ability to
carry the energy thru some specific bands: passbands
while rejecting and attenuating other frequencies in one or
more stopbands.
Due to the growing interest in filtering devices, many
types were developed and several classifications were
adopted. An important classification has been done based
on the chosen technology. The choice is generally
effectuated based on the concrete requirements of the
system in which the filter will be embedded. In the
literature, three famous technologies are used while
configuration: Planar technology, waveguide technology,
and the substrate integrated waveguide (Substrate
Integrated Waveguide, SIW)[4-5].
The filters designed based on waveguide technology
are characterized by a high unload factor Q[6, 23], a low
amount of losses, a huge power handling capacity, and a
narrow bandwidth [7]. This technology rests on using

structures such as waveguides in either a rectangular or
circular shape, metallic cavities, or dielectric resonators
[8], more theoretical details about the fundamentals of
waveguide resonators are elaborated in [23]. Unlike
waveguide technology, filters made up using planar
technology are typically designed by using some
resonator on the top of a substrate. Concerning the unload
factor, it should be noted that planar technology filters
such as micro-strip filters have high insertion loss, a low
unload factor, and selectivity, yet this technology has a lot
of advantages like the miniaturization of the size of the
device, the low cost, also its simple integration [7,9]. The
SIW rests on realizing a dielectric rectangular waveguide
in a planar substrate [10]. This technology takes
advantage of both previous technologies by developing an
outstanding unloaded quality factor, low cost, high power
handling, and low loss [4,11].
This paper presents an overview of filter theory, the
conception, and simulation of a 4th order waveguide
bandpass filter operating in 11 GHz with inductive irises
discontinuities. The simulation is effectuated under an
HFSS environment. The remainder of this paper is
arranged as follows: a methodological overview of the
filter theory was elaborated in section two. Section three
was committed to the conception phase of the bandpass
filter. Then, the results are presented and discussed in
section four where optimization of the irises dimensions
was effectuated. The last section of this paper was
dedicated to concluding and summarizing the overall
obtained results.

2

Filter Theory

2.1 Filters characteristics
Considering microwave filters as complex systems,
they could be characterized by many parameters such as
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the filter order or degree, which could be defined as the
number of components in the low pass prototype[6]. Also,
the selectivity and the attenuation, which are essential
filtering properties[12]. Selectivity describes the amount
of change of the transmitted energy with respect to
frequency. As well as the bandwidth that determines the
range of frequency that the filter allows to transmit[6].
Many other parameters represent a reliable way to
ensure the characterization of microwave filters and to
describe the filter efficiency such as the return loss, the
insertion loss, and the quality factor. Generally, the return
loss[13] describes the effectiveness of power reflected by
the load, while the insertion loss quantifies the energy
received by the load [14]. These two parameters are
expressed in terms of dB. In the microwave domain, the
circuits are studied based on the S-parameters since the
operating frequency range is high[15,16], their conception
is quite simple and analytically appropriate. After all, a
microwave filter is a two-port network, accordingly, it
could be described in terms of the 𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖 ,𝑗𝑗𝑗𝑗 coefficients where
i is the output port and j refers to the input port. 𝑆𝑆𝑆𝑆11 (i=1,
j=1) Relates to the return loss in dB while 𝑆𝑆𝑆𝑆21 refers to the
insertion loss quantity in dB.

1. Design of a low pass filter prototype with localized
elements.
2. Transformation of the low pass prototype to a bandpass
filter.
3. Conversion of bandpass to impedance inverters K.
4. Calculation of the susceptance B and the electrical
lengths Φ.
Calculation of the distances d using the previously
calculated susceptance while the length of each iris is
𝛽𝛽𝛽𝛽−𝜋𝜋𝜋𝜋
.
calculated using the flowing form: 𝑙𝑙𝑙𝑙 =
2
The synthesis of the bandpass filter in waveguide
technology is established based on a transformation in
terms of wavelength instead of frequency, which is
described with (4). The response then takes into account
the central and cut-off wavelengths, which corresponds,
to the central and the two cut-off frequencies of the
waveguide. Therefore, the LC resonators were replaced
with half-wavelength cavities and the irises by impedance
inverters placed between each cavity. The coupling irises
are simulated by 𝐾𝐾𝐾𝐾𝑖𝑖𝑖𝑖,𝑖𝑖𝑖𝑖+1 , these discontinuities present a
purely inductive impedance characterized by the
equations (5):(7) [20].

𝐾𝐾𝐾𝐾01
𝑍𝑍𝑍𝑍0

A discontinuity is an adjustment or a refitting inside
the structure of the waveguide. The modification could be
effectuated in terms of the direction of propagation, a
change of the geometry, or the physical parameters. This,
affects the translational symmetry of the waveguide
structure and leads to energy reflections, and thus to the
appearance of an impedance at the discontinuity [17,18].
It is worthy of note that irises are the most commonly
used discontinuity, where they can produce an inductive
or a capacitive effect based on their positioning.
Therefore, they can take symmetrical or asymmetrical
geometry.
Our study will shed light on the symmetrical inductive
irises, the most familiar type of reactive discontinuities
used in rectangular waveguides. The irises are placed in a
parallel plane to the transverse face of the waveguide [19].
The relation between the normalized susceptance B and
the distance between the irises are described in (1), (2),
and (3).

𝐵𝐵𝐵𝐵 =

2𝜋𝜋𝜋𝜋
𝜋𝜋𝜋𝜋𝜋𝜋𝜋𝜋
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2.2 Filters discontinuities
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To establish the cavities length (8), (9), and (10) are
involved:
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Conception of a waveguide Bandpass
filter

To deepen the theory presented in the previous section,
we have chosen a 4th bandpass filter with inductive irises
designed in waveguide technology. This filter operates in
the X-band (8-12 GHz), with a resonance frequency of 11
GHz and a relative bandwidth of 3.1%. The filter response
is Chebyshev, with 20 dB reflection loss, the tolerated
undulation ripples are of 0.014 dB inside the bandwidth
and the input/output impedances are 50 Ω. Based on the
Chebyshev equations, the numerical values of the
normalized 𝑔𝑔𝑔𝑔𝑖𝑖𝑖𝑖 parameters are illustrated in Table 1.

(2)
(3)

2.3 Synthesis of a waveguide bandpass filter
with inductive irises process
In order to design a bandpass filter with irises in a
waveguide technology, the method to follow consists
generally of five steps[20]:
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Table 1. Low Pass prototype Elements

g0
1

g1
0.931

g2
1.292

g3
1.577

g4
0.762

4

g5
1.221

The structure under consideration is a metallic
rectangular waveguide, with symmetrical inductive
transverse discontinuities. Accordingly, five irises
separate between the four cavities. The standard WR-90
waveguide, with its operating frequency range from 8
GHz to 12 GHz, where the chosen central frequency is
11GHz. The cut-off frequency for the lowest mode is
6.56 GHz according to the transverse dimensions of
waveguide a=22.86mm and b=10.16mm. The inductive
irises appear as an opening at the end of the cavities or as
a narrowing of the guide after each half wavelength.
Assuming that the thickness of all irises is the same in the
design process t = 2mm. Also, our design is characterized
by five discontinuities, the topology of the filter is
obtained in Fig.1.

The transformation of the low pass prototype in terms
of wavelengths is presented in Table 2. Where 𝜆𝜆𝜆𝜆𝑔𝑔𝑔𝑔0 is the
wavelength corresponding to the resonance frequency,
where 𝜆𝜆𝜆𝜆𝑔𝑔𝑔𝑔1 and 𝜆𝜆𝜆𝜆𝑔𝑔𝑔𝑔2 are the wavelengths of the two cut-off
frequencies.
Table 2. Numerical values of the wavelengths in mm

𝝀𝝀𝝀𝝀𝒈𝒈𝒈𝒈𝟎𝟎𝟎𝟎

𝝀𝝀𝝀𝝀𝒈𝒈𝒈𝒈𝟏𝟏𝟏𝟏

𝝀𝝀𝝀𝝀𝒈𝒈𝒈𝒈𝟐𝟐𝟐𝟐

0.034
0.034
0.033
The relative bandwidth is calculated using (11) and gives
4.16%:
∆=

𝜆𝜆𝜆𝜆𝑔𝑔𝑔𝑔1 −𝜆𝜆𝜆𝜆𝑔𝑔𝑔𝑔2

Results and discussion

(11)

𝜆𝜆𝜆𝜆𝑔𝑔𝑔𝑔0

Table 3 illustrates the characteristic impedances of the
inverters, obtained (5), (6), and (7).
Table 3. Inverter impedances numerical values
𝑲𝑲𝑲𝑲𝟎𝟎𝟎𝟎𝟏𝟏𝟏𝟏

0.265

𝑲𝑲𝑲𝑲𝟏𝟏𝟏𝟏𝟐𝟐𝟐𝟐

0.059

𝑲𝑲𝑲𝑲𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐

0.045

𝑲𝑲𝑲𝑲𝟐𝟐𝟐𝟐𝟑𝟑𝟑𝟑

0.059

𝑲𝑲𝑲𝑲𝟑𝟑𝟑𝟑𝟒𝟒𝟒𝟒

0.265
Fig. 1. Top ol ogy of t h e w av egu i d e f i l t er wi t h
i r i ses.

After calculating the inverter’s numerical values, the
next step is to determine the numerical values of the
susceptance 𝐵𝐵𝐵𝐵�𝑖𝑖𝑖𝑖,𝑗𝑗𝑗𝑗 and the phase shift 𝛷𝛷𝛷𝛷𝑖𝑖𝑖𝑖,𝑗𝑗𝑗𝑗 in radian, based on
(8) and (9). Table 4 summarizes the results.

Using the results of Table 5, the simulation was
accomplished under the HFSS environment. However,
the filter does not meet the specifications set for our filter
according to the variation of the S-parameters shown in
Fig.2.

Table 4. Irises susceptance 𝐵𝐵𝐵𝐵𝑖𝑖𝑖𝑖𝑗𝑗𝑗𝑗 and phase shifts 𝛷𝛷𝛷𝛷𝑖𝑖𝑖𝑖𝑗𝑗𝑗𝑗

B01 =3.507

B12 =16.698 B23 =21.763 B34 =16.698 B45 =3.507

Φ01 =-0.518 Φ12 =-0.119 Φ23 =-0.091 Φ34 =-0.119 Φ45 =-0.518

Typically, these phase shifts are subtracted from the
phase shifts of the half-wave resonant cavities, which
allows determining the lengths of the cavities, and the
numerical values of the distances between the symmetrical
inductive irises are depicted in Table 5.
Table 5. Electrical lengths of the cavities
𝜱𝜱𝜱𝜱𝒊𝒊𝒊𝒊 (rad) 𝛷𝛷𝛷𝛷1 =2.504 𝛷𝛷𝛷𝛷2 =2.930 𝛷𝛷𝛷𝛷3 =2.930 𝛷𝛷𝛷𝛷4 =2.504
li(mm) l1 =14.705 l2 =15.859 l3 =15.859 l4 =14.705

d1= 9.40

𝒅𝒅𝒅𝒅𝟐𝟐𝟐𝟐 = 5.22

𝒅𝒅𝒅𝒅𝟐𝟐𝟐𝟐 = 4.72

Fig. 2. Th e si m u l at ed S-p ar am et er s i n HFSS.

𝒅𝒅𝒅𝒅𝟑𝟑𝟑𝟑 = 5.22 d5= 9.40

The depicted results are not responding to the fixed
specifications. Therefore, a call for optimizing the
dimensions of the irises was necessary to improve the Sparameters of our filter. Table 6 summarizes the
optimized dimensions of the inductive irises.

The different numerical values of the distances
between the symmetrical inductive irises are depicted in
Table 6 according to the filter specifications, which are
obtained from the Matlab script.

Table 6. Optimized dimensions of the irises in mm
𝑑𝑑𝑑𝑑1 = 𝑑𝑑𝑑𝑑5 =10.27

3

d2 =6.65

d3 =6.18

d4 =6.65
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In Fig.5 the simulated S-parameters responses are
compared and analysed in two previously mentioned 3DSimulators HFSS and CST to validate the conception
results. As shown, the simulated results present an
appearance close to the fixed specifications of our filter
after the optimization process. Where the reflection level
is around 16 dB in the entire passband, also the lower and
upper cut-off frequencies are around 10.8 GHz and 11.2
GHz while the quantity of the insertion loss remains 0 dB
in the whole

l4 =14.29

Fig. 3. Th e si m u l at ed S-p ar am et er s i n d B an d
𝑆𝑆𝑆𝑆21 in degree under HFSS

Fig. 6. Th e si m u l at ed r esu l t s of t h e p h ase of 𝑆𝑆𝑆𝑆21 i n
HFSS an d CST

We can see from the graph of Fig.6 that the obtained
results of 𝑆𝑆𝑆𝑆21 in degree had met the required
specifications. A symmetrical aspect at the resonance
frequency was present, where the phase passes through
±180º and 0º crossing at the center frequency.
The performance of the concerned filter is compared
with two other pre-existing Filters, and analysis are
presented in Table.7
Fig. 4. Th e si m u l at ed S-p ar am et er s i n d B an d
𝑆𝑆𝑆𝑆21 in degree under CST

Table.7. Optimized dimensions of the irises in mm

As it is shown in both Fig.3 and Fig.4, the variation of
the S-parameters could be considered highly close to the
target in both simulators, either CST or HFSS. Besides,
the insertion loss quantity shows a symmetrical aspect
around the resonance frequency 11GHz, which could be
considered as a good result after optimizing the
dimensions of the irises.

Reference

[21]

[22]

[2]

Proposed
design

Filter
dimensions
(mm2)

64x32

8.64x4.3
2

22.86x10.1
6

22.86x10.1
6

Type of
the irises

Rectangular

Circular

Rectangular

Rectangular

Frequency
(GHz)

4.55

28

10

11

Number of
irises

3

6

6

5

Thickness
of
irises(mm)

1

varying

3

2

Return
loss (dB)

17

15

18

15

5 Conclusion
In this paper, the conception of a bandpass filter in
waveguide technology and inductive irises separating the
resonant cavities has been elaborated. The filter is
operating in the X-band (WR90) with a resonance

Fig. 5. Th e si m u l at ed S-p ar am et er s i n HFSS an d
CST.

4
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frequency of 11 GHz. The obtained results had confirmed
that the conception met the previously fixed
specifications, especially after optimizing the dimensions
of each iris, which was shown based on the symmetrical
aspect of 𝑆𝑆𝑆𝑆21 in degree around 11 GHz. Later on, shortterm prospects had been fixed, such as realizing and
testing the simulated structure in order to compare the
proposed simulated results and the measured ones, in
order to validate the design process.

16.
17.
18.

19.
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