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Abstract

A waveguide is a transmission medium in the form of a pipe and is made from a single conductor. A waveguide has the
function of delivering electromagnetic waves with a frequency of 300 MHz - 300 GHz and is able to direct the waves in a particular
direction. In its development, a waveguide can be used as a filter. A filter consists of several circuits designed to pass signals that
are generated at a specific frequency and attenuate undesired signals. One type of filter that can pass a signal in a particular
frequency range and block signals that are not included in that frequency range is a bandpass filter. In this article, we study a
rationing analysis on rectangular waveguide using TEmn mode followed by an implementation of a bandpass filter in the frequency
range of 3.3-3.5 GHz for S-Band Wireless Broadband and Fixed Satellite. The observation process is done by shifting the position
of the connector (power supply) as much as five times the shift to get the results as desired. Based on the analysis of the simulation
process using Ansoft HFSS software, it is observed that the optimized results of the rectangular waveguide mode TE10 were
obtained at a distance between connectors of 30 mm with a cut-off frequency of 3.3 GHz, the value of the return loss parameter of
-34.442 dB and an insertion loss of -0.039 dB. Whereas, the optimized TE20 mode can be obtained at a distance of 70 mm between
connectors, with a cut-off frequency of 3.5 GHz, the value of the return loss parameter of -28.718 dB and an insertion loss of -
0.045. The measurement of TEL0 mode in our Vector Network Analyzer (VNA) shows a cut-off frequency of 3.2 GHz, with a
value of the return loss of -18.73 dB and an insertion loss of -2.70 dB. Meanwhile, a measurement of TE20 mode results in a cut-
off frequency of 3.2 GHz, with a value of the return loss of -5.89 dB and an insertion loss of -4.31 dB.
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I INTRODUCTION (Transverse Electric) and TM (Transverse Magnetic) [5],

In the field of telecommunication, the process of [6].
delivering information from the sender to the receiver
requires a transmission media. Such transmission media
can be physical and non-physical. Physical transmission
media is a medium that has physical forms such as cables,
waveguides, or optical fibers. In contrast, non-physical
media is a medium that has no physical form, such as
microwave or radio waves. Waveguide [1], [2] is a
transmission media with a pipe-like shape and made of a
single conductor material that is partly contained in the
dielectric. A waveguide has the function of delivering
electromagnetic waves with a frequency of 300 MHz —
300 GHz and directing the waves in a certain direction.

An electromagnetic wave is a wave that can carry
electrical and magnetic energy content without the needs
of a medium or often called electromagnetic radiation
[3], [4]. In electromagnetic waves, the electric field (E) is

In the TEmn mode, the electric fields are transversal
to the propagation direction of E; = 0, and the magnetic
fields are longitudinal against the propagation direction.
It should be noted that m and m should not be
simultaneously zero. The value of m = n =0, resulting in
a TEM mode wave. Whereas, there isno TEM mode in a
waveguide.

A waveguide can be used as a filter. A filter is a
device designed to pass a signal at a certain frequency
and attenuate the signal at undesired frequency. One type
of filter that can pass a signal within a specific frequency
range and block a signal that is not included in that
frequency range is the bandpass filter [7], [8].

On connection with the transmission media
waveguide, analysis of comparison between the use of
dielectric and without dielectric material in the

always perpendicular to the magnetic field (B), which
both go towards the direction of the propagation. There
are two modes of wave propagation in a waveguide: TE
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performance of waveguide design has been conducted
previously in [9] and [10]. A design of coaxial transition
to waveguide Wg8 with range frequency of 1.2-3.0 GHz
was demonstrated in [9], while a design and performance
analysis of the bandpass filter for Ultra wide-band
Ground Penetrating Radar (GPR) applications in the
frequency range 2-2.5 GHz was studied in [10].

Inspired by the previous research [11]-[14], the
research objective is to design a filter using rectangular
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waveguide without dielectric material by firstly
analyzing the note on the TEmn rectangular waveguide
mode. Afterward, an implementation of a bandpass filter
in the frequency range of 3.3-3.5 GHz for S-Band
Wireless Broadband and Fixed Satelite will be presented.
The design and implementation done by observing
changes that occur in the cut-off frequency, return loss,
and insertion loss by observing the effect of distance
between connectors separated symmetrically from the
center of the waveguide.

1. PROPOSED METHOD

The research method used in this research is to firstly
design and simulate the note-making in a rectangular
waveguide using TEm, mode and then implement the
simulation into a bandpass filter to determine the cut-off
frequency, return loss and insertion loss. The simulation
is carried out using Ansoft HFSS, and the validation of
the simulation is measured using VNA.

The scenario of the designing method of rectangular
waveguide in the simulation stage are as follows:

1. Design a TEm, rectangular waveguide mode using

SMA connectors.

Dimensional determination
of rectangular waveguide

Analytic comparison of
simulated results

A 4

Waveguide with
connector position
and best
parameter
obtained

Designing rectangular
Waveguidemode TE10 and
TE20 in HFSS software

Y Y

The connector position Realization in the form of
verification tools

A 4

A 4 h 4

Testing tools using Vector

Run a simulation Network analyzer

Y

h 4

Cut off
frequency,
Insertion Loss
and Return
Loss

Comparative analysis of
simulated results and testing
of tools

END

Figure 1. Flowchart Research

2. Shift the position of the connectors and observe the
simulation result of TEm, rectangular waveguide
mode.

3. Compare the TEm, mode simulation results.

4. Device fabrication and measurement using Vector
Network Analyzer.

5. Analyze the comparison
measurement results.
Figure 1 explains the flow of the process done on this

research from start to finish. The process of research is
done by determining the dimension of the waveguide,
designing the TE1o and TExo rectangular waveguide in the
HFSS software, shifting the position of the connector,
and running the simulation. The shifting of the connector
position is done to get the appropriate parameters. After
that, we analyze all simulation results to obtain
waveguide the best position of the connectors. The
optimized waveguide is then fabricated and measured
using Vector Network Analyzer (VNA). Lastly, the
simulation and measurement results are compared.

of simulation and

1. RESULTS AND DISCUSSION

A. Results of TEmn Mode Rectangular Waveguide
Design Using SMA Connector

The rectangular waveguide that is used for the
simulation is of type WR 284 with a width of 72 mm, a
height of 34 mm, an outer width of 76 mm, an outer
height of 38 mm and a length of 100 mm. For the
enclosure dimension, the width is 76 mm, the height is 38
mm, the thickness is 2 mm, and the waveguide length is
150 mm. The material used for the rectangular
waveguide and the cover is aluminum.

Figures 2 and 3 show the design using SMA
connectors based on the x-axis with a rectangular
waveguide length of 100 mm. The positions of the
connector are located at 65 mm and 35 mm. The center
point is located at 50 mm. Thus, the distance of the
connectors from the center point is 15 mm. Figure 2
shows the result of the TEiw mode design, and Figure 3
shows the result of the TE2 mode design. In Figures 2
and 3, the direction of wave propagation is towards (+ X)
indicated with a green line, while the y-axis (red line) and
z-axis (blue line) are the directions of magnetic and
electric fields, respectively.

Figure 4 shows the graph of simulated results by
using SMA connectors. At the initial position of the
connector placed based on the x-axis at position 65/35,
the simulation is done to know how well the performance
when the rectangular waveguide uses the SMA
connectors. The cut-off frequency in this mode can be
calculated using (2):

c mm nrm
fe=2 (5 +7), @)
with m and n are the order of the TE mode, a and b are
the width and the height of the waveguide, respectively.
As seen in the simulation results in Figure 4, frequency
cut-off is shifted after using the connectors. In the TEjo
mode, the cut-off frequency is shifted from 3.7 GHz to
3.3 GHz. The value of the other parameters also becomes
very good, with a return loss of -34.442 dB and an
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insertion loss of -0.039 dB. In the TE20 mode, the cut off
frequency was previously 3.6 GHz and then shift to 3.4
GHz. However, the values of the return loss of -17.953
dB and the insertion loss of -0.109 dB are not better than
before. The value of the cut-off frequency is approaching
the expected frequency range of 3.3-3.5 GHz.

B. Results of TEwn Mode Rectangular Waveguide
Design with Observation on Sliding Connector
Position

The results of the TEm, rectangular waveguide mode
design by performing a connector shifting position can be

2

38 mmI

Figure 2. Rectangular waveguide design using connectors with
position at 65/35 (TE;o mode).

0 50 100{(mm)

0 ‘ 100 (mm)

Figure 3. Rectangular waveguide design using connectors with
position at 65/35 (TEz mode)
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Figure 4. Rectangular waveguide chart using SMA Connectors with
position at 65/35

seen in Figures 5 and 6. The design is using SMA
connector that is located on x-axis, with rectangular
waveguide of 100 mm. The positions of the connector are
are shifted to 70 mm and 30 mm, previously at 65 mm
and 35 mm. The center point is still located at 50 mm.
Thus, the distance of the connectors from the center point
is 20 mm. Figures 5 and 6 show the results of the TEjo
and TEz modes, respectively.

Figure 7 shows the graph of simulated results by
using SMA connectors. In this simulation, the connector
position is shifted and the connector position that is based
on the x-axis is at the position of 70/30. By performing
the connector shift, the obtained values of the parameters
are changed, as illustrated in Figure 7 for TEzomode. The
best filter response is at a cut-off frequency of 3.2 GHz
with the value of return loss of -27.764 dB and an
insertion loss of -0.044 dB. For the TEzo mode, the best
filter response is at the cut-off frequency of 3.3 GHz with
the value of return loss of -36.624 dB and an insertion
loss of -0.034 dB.

The results of the TEm, rectangular waveguide mode
design by performing a connector shifting position can be
seen in Figures 8 and 9. This design is using SMA
connector that is located on the x-axis, with a rectangular
waveguide length of 100 mm. The positions of the
connector are shifted to 75 mm and 25 mm, previously at
70 mm and 30 mm. The center point is still located at 50
mm. Thus, the distance of the connectors from the center
point is 25 mm. Figures 8 and 9 show the results of the
TE1o and TEzo modes, respectively.

z

0 100 (mm)

Figure 5. Rectangular waveguide design using connectors with
position at 70/30 (TE1, mode).

38 mm

150 mm

0 45 90 (mm)

Figure 6. Rectangular waveguide design using connectors with
position at 70/30 (TEz, mode).

JURNAL ELEKTRONIKA DAN TELEKOMUNIKASI, Vol. 20, No. 1, August 2020



4 o M. Reza Hidayat, et. al.

-10,0
‘%" -20,0
~ -30,0
-40,0
-50,0
-60,0
-70,0
-80,0
-90,0
-100,0

itude

Magn

11316192,22,52,83,13,43,7 4 434,649
Frekuensi (GHz)

= o= we » Mode TE10S11 Return Loss Mode TE10S21 Insertion Loss

o o= o= » Mode TE20511 Return Loss Mode TE20S21 Insertion Loss

Figure 7. Rectangular waveguide chart using SMA Connectors with
position at 70/30.
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Figure 8. Rectangular waveguide design using connectors with
position at 75/25 (TE;o mode).
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Figure 9. Rectangular waveguide design using connectors with
position at 75/25 (TEz, mode).

Figure 10 shows the graph of simulated results by
using SMA connectors. In this simulation, the connector
position is shifted, and the connector position that is
based on the x-axis is at the position of 75/25. By
performing the connector shift, the obtained values of the
parameters are changed as illustrated in Figure 10 for
TEio mode. The best filter response is at a cut-off
frequency of 3.2 GHz with the value of return loss of -
21.658 dB and an insertion loss of -0.067 dB. For the
TE20 mode, the best filter response is at the cut-off
frequency of 3.3 GHz with the value of return loss of -
26.062 dB and an insertion loss of -0.049 dB.

The results of the design of the TEm, rectangular
waveguide mode by performing a connector shifting
position can be seen in Figures 11 and 12. The design is
using SMA connector that is located on the x-axis, with
arectangular waveguide length of 100 mm. The positions
of the connector are shifted to 80 mm and 20 mm,
previously at 75 mm and 25 mm. The center point is still
located at 50 mm. Thus, the distance of the connectors
from the center point is 30 mm. Figures 11 and 12 show
the results of the TE1 and TE2 modes, respectively.

Figure 13 shows the graph of simulated results by
using SMA connectors. In this simulation, the connector
position is shifted and the connector position that is based
on the x-axis is at the position of 80/20. By performing
the connector shift, the obtained values of the parameters
are changed, as illustrated in Figure 13. For TE1o mode,
this configuration produces the best filter response.

-10,0
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Figure 10. Rectangular waveguide chart using SMA Connector with
position 75/25.

0 45 90 (mm)

Figure 11. Rectangular waveguide design using connector with
position 80/20 Mode TE10

0 4 90 (mm)

Figure 12. Rectangular waveguide design using connectors with
position at 80/20 (TEz, mode).

p-ISSN: 1411-8289; e-ISSN: 2527-9955



Excitation Analysis of Transverse Electric Mode Rectangular Waveguide e 5

-10,0
-20,0
-30,0
40,0
-50,0
-60,0
-70,0
-80,0
90,0

Magnitude (dB)

113161922252831343,7 4 434649

Frekuensi (GHz)

== == == «» Mode TE10811 Reurn Loss
e Mode TE10 821 Insertion Loss
- == == » Mode TE20511 Return Loss
Mode TE20821 Insertion Loss

Figure 13. Rectangular waveguide chart using SMA Connectors with
position at 80/20.

The cut-off frequency is shifted from 3.2 GHz to 4.1 GHz
with the value of return loss of -32.422 dB and an
insertion loss of -0.044 dB. For TEz mode, the filter
response is also shifted, from previously at a cut-off
frequency of 3.3 GHz to 3.8 GHz, with a return loss of -
30.070 dB and an insertion loss of -0.044 dB. For this
simulation scenario, although the obtained value of the
return loss and insertion loss parameters are very well
compared to the previous simulation results, the cut-off
frequency for both modes shifted from the expected
frequency.

The results of the design of the TEm, rectangular
waveguide mode by performing a connector shifting
position can be seen in Figures 14 and 15. The design is
using SMA connector that is located on the x-axis, with
a rectangular waveguide length of 100 mm. The positions
of the connector are shifted to 85 mm and 15 mm,
previously at 75 mm and 25 mm. The center point is still
located at 50 mm. Thus, the distance of the connectors
from the center point is 35 mm. Figures 14 and 15 show
the results of the TE1o and TE2o modes, respectively.

Figure 16 shows the graph of simulated results by
using SMA connectors. In this simulation, the connector
position is shifted, and the connector position that is
based on the x-axis is at the position of 85/15. By
performing the connector shift, the obtained values of the
parameters are changed, as illustrated in Figure 16 for
TEio mode. The best filter response is at a cut-off
frequency of 3.4 GHz with the value of return loss of -
21.971 dB and an insertion loss of -0.263 dB. For the
TE20 mode, the best filter response is at the cut-off
frequency of 3.5 GHz with the value of return loss of -
28.718 dB and an insertion loss of -0.045 dB.

0 45 90 (mm)

Figure 14. Rectangular waveguide design using connectors with
position at 85/15 (TE;o mode)

0 45 90 (mm)

Figure 15. Rectangular waveguide design using connectors with
position at 85/15 (TEy, mode)
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Figure 16. Rectangular waveguide chart using SMA Connectors with
position at 80/20.

C. Analysis of TEmn Mode Rectangular Waveguide
Design Using SMA Connector

After the optimization of the design, the simulation
results are then analyzed. The best design is fabricated
and then is measured using Vector Network Analyzer
(VNA). Figure 17 shows a comparison chart of all
simulated TE;o mode rectangular waveguide results by
shifting the connector position. Because the smaller the
value of the return loss parameters is the better, the best
return loss value is in the position of connector 65/35 and
connector 80/20. However, for the connector position at
80/20, the parameter of the cut-off frequency is at 4.1
GHz, and the value is not in the expected frequency range
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of 3.3-3.5 GHz. Whereas, for connector position 65/35,
the parameter of the cut-off frequency is at 3.3 GHz and
the value is at the expected frequency range. In
conclusion, for the TE1, mode rectangular waveguide,
the best performance is obtained when the connector is at
position 65/35.

Figure 18 shows a comparison chart of all simulated
TE20 mode rectangular waveguide results by shifting the
connector position. The best return loss value is at the
connector position 70/30. However, as seen in Figure 18,
for the position 70/30 connector, in one bandwidth there
are three parameters of the cut-off frequency passed in
the filter response. The required filter response in one
bandwidth can only miss a slight cut-off frequency. For
the 85/15 connector position, in one bandwidth simply
skip two parameters of the cut off frequency and the best
value at the position of the cut off frequency at 3.5 GHz.
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Figure 17. Comparison chart of simulated result shifting connectors on
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Figure 18. Comparison chart of simulated result shifting connectors on

Konektor 65/35 Ins ertion Loss

Konektor 70¢30 Ins ertion Loss

Konektor 75/25 Ins ertion Loss

Konektor 80V20 Ins ertion Loss
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TE2 mode.

D. Power Field Raised in Simulation

Figure 19 shows the simulated electric field (E) in
TE1o mode rectangular waveguide. The highest value of
electric field intensity is at the point of axis y = 36 mm
(half of the waveguide width 72 mm) and z = 17 mm (half
of the waveguide height 34 mm), where the intensity
value of E = 27.3 V/M. Figure 20 shows the simulated
electric field (E) in TEx mode rectangular waveguide.
The highest value of electric field intensity is at the point
of axis y = 48 mm (2/3 of 72 mm width) and z = 17 mm
(1/2 of 34 mm width), where the intensity value E = 350
VIM.

z
A £ Fievaly,
2.7314e+00:

Figure 20. Simulated electric field in TEz mode.

E. Design Realization

The fabricated rectangular waveguide that is based
on the simulation can be seen in Figures 21 and 22.

"
e il

Figure 21. Realization of the design.
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TABLE 1
COMPARISON RESULT BETWEEN MEASUREMENT AND SIMULATION
Simulation Results (65/35) Measurement Results (with VNA)
TEi0oMode TE20 Mode TEi0 Mode TE20 Mode
F(GHz) | S (dB) | Sx (dB) | F(GHz) | Suu(dB) | S21(dB) | F(GHz) | Si1(dB) | S21(dB) | F(GHz) | Si (dB) | S:(dB)
33 34 0.39 3.4 17 0.109 3.2 18 2.7 3.2 5.89 431
CONCLUSION

Figure 22. Realization of the design (top view).

After fabrication, the rectangular waveguide is then
measured using Vector Network Analyzer (VNA) for
both modes (TE1o and TE2). Based on the measurement
results for the TE1o mode, the cut-off frequency is at 3.2
GHz with the value of the return loss of -18.73 dB and an
insertion loss of -2.70 dB. To compare, the simulated
results at connector position 65/35 are: cut-off frequency
= 3.3 GHz, return loss -34.442 dB, and insertion loss = -
0.039 dB. This means that the performance of the
fabricated device experiences a cut-off frequency shifting
from 3.3 GHz to 3.2 GHz. Nevertheless, the values of the
return loss and insertion loss are satisfactory.

The measured cut-off frequency for TEz mode is at
a frequency of 3.2 GHz with the value of the return loss
of -5.89 dB and an insertion loss of -4.31 dB. Because the
value of the return loss is below than-3 dB and the value
of the insertion loss is above -10 dB, it can be said that
the obtained measurement results for the TEzo mode is
not better than the simulation. The simulated results for
the TE2o mode are better than the measured results with a
cut-off frequency of 3.5 GHz, a return loss of -28.718 dB
and an insertion loss of -0.045 dB.

Based on the comparison of the simulated and
measurement results, there is a difference in the value of
the parameters. The discrepancy is due to the
dimensional changes in the manufacturing process
(device fabrication). The fabrication process needs a high
level of accuracy, and it is difficult to obtain a dimension
that corresponds to the simulation. Results comparison
between measurement and simulation can be seen in
Table 1.

Based on the simulation of TEi mode rectangular
waveguide using connectors, the best performance
obtained at the position of 65/35 (30 mm distance
between connectors) with a cut-off frequency of 3.3 GHz,
areturn loss of -34.442 dB and an insertion loss of -0.039
dB. While, for the simulated TEz mode rectangular
waveguide using connectors, the best results are obtained
at the position of 85/15 (distance between connectors =
70 mm) with a cut off frequency of 3.5 GHz, a return loss
of -28.718 dB and an insertion loss of -0.045 dB.

The measured results of TEip mode rectangular
waveguide with the connectors position adjacent to the
filter response is at a cut-off frequency of 3.2 GHz with
the value of the return loss of -18.73 dB and an insertion
loss of -2.70 dB. Menwhile, the measured result of the
TE»o mode rectangular waveguide TE20 is at a cut-off
frequency of 3.2 GHz with the value of the return loss of
-5.89 dB and an insertion loss -4.31 dB.
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