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Abstract—Recently, waveguide has been applied widely in
antenna and filter applications. Among these applications,
substrate integrated waveguide has been implemented mostly
in millimeter wave systems due to its compact and low loss
approach. However, the configuration of waveguide itself
receives less attention. Thus, the study of defected waveguide
structure (DWS) is presented. The copper and DWS waveguide
were designed in CST Microwave software. The basic
geometry of square was used and then different types of
connecting strips were added on in between the strips.
Simulated reflection coefficient (S11) and transmission
coefficient (S21) results were then modeled by equivalent
circuit design. The circuit was constructed in Advanced Design
System (ADS). Copper waveguide performed high pass at
frequency more than cut off frequency of 2.76GHz. The square
DWS with gap separation and square DWS with horizontal
connecting strips showed pass band around 4GHz-8GHz. The
square DWS with vertical connecting strips and square DWS
with both horizontal and vertical connecting strips created
band stop around 3GHz-9GHz.

Index Terms—Circuit Modeling;
Structure; Filter; Ultrawideband.

Defected Waveguide

I. INTRODUCTION

In communication system, waveguide acts as a medium to
transmit and receive signal. It provides high power handling
and low loss. However, it is bulky and expensive in cost. It
has been used to design for antenna and filter applications
[1-4]. In [1], the waveguide antenna with parallel strips that
are rotated by 45 degrees at the surface is designed for base
station application to achieve polarization rotation. Substrate
integrated waveguide (SIW) receives a great attention as it is
easy to design to be implemented in planar circuit [2].
Besides that, the waveguide also has been designed with
metamaterial to analyze the transmission characteristic [5].

Meanwhile, the defected structure is one of the families of
metamaterial since it changes the characteristics of material
artificially. 1t can be defined as some of copper is removed
at the surface. Previously, defected structure is designed at
the ground plane and the microstrip line is designed as
defected ground structure (DGS) and defected microstrip
structure (DMS) respectively [6-9]. For example, DGS for
[6] is designed on compact printed monopole antenna to
enhance bandwidth and reduce size, while DMS for [9] is
used to create stop band. There is a lack of information on
the design of defected waveguide structure (DWS). Thus,
the aim of this paper is to introduce DWS by designing the
defected structure at waveguide.

The waveguide is designed to support ultrawideband
(UWB) frequency range. The defected structure is designed
at the waveguide at fixed length to compare with copper
waveguide. The effects of DWS towards waveguide will be
investigated through the reflection coefficient (S11) and

transmission coefficient (S21).
Il. DEFECTED WAVEGUIDE STRUCTURE DESIGN

The rectangular waveguide is designed by using FR4 and
copper. The inner wall of waveguide is the copper surface.
The dimension of waveguide will determine the cut off
frequency f. , where a and b represent the width and height
of the waveguide respectively, as shown in Equation 1 [10].
The dimension of the waveguide should be large enough to
support the largest wavelength in UWB frequency range.

o= () + () ®

The copper waveguide is designed, as shown in Figure 1
below. It has the width of 49mm and height of 52mm.
Waveguide ports are set at both ends of waveguide.

(a) Port 2 (b)
Figure 1: The view of (a) copper waveguide (b) waveguide ports at both
ends of waveguide

The defected structure is designed at the inner surface of
waveguide by removing some parts of copper as DWS. The
DWS is designed in square shape with a gap in between as
shown in Design A in Figure 2. There are 15 elements of
square used, in which these elements also determine the
length of the waveguide. The squares are designed at all the
inner walls of waveguide in Figure 3. Both the dimension
and the gap in between the squares are optimized. The
dimension of 6mm? and the gap of 3mm are used since they
give the highest S21 and the lowest S11.

Figure 2: Unit structure of Design A
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Figure 3: The perspective ;}iew of Design A

Design A is further modified to have the strip line
connected between squares. The squares are designed to
have the horizontal connecting strips (Design B), vertical
connecting strips (Design C) or both horizontal and vertical
connecting strips (Design D). These three types of
connection are showed in Figure 4. Meanwhile, the width of
connecting strip is also optimized till the width of 0.5mm is
obtained.
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Figure 4: The unit structure of (a) Design B (b) Design C (c) Design D

The transmission and response of all designs will be
modelled by using basic equivalent circuit. All the stop band
and pass band characteristics will be modelled based on
basic filter concept. Filter is designed in a single mode base
on maximally-flat low pass filter prototypes. Low pass filter
is then scaled in terms of impedance and cut off frequency.
The new inductance (L') and the new capacitance (C') of
low pass filter can be determined by Equation 2 and
Equation 3 [11]. The transformation of low pass filter to
other filter is based on filter transformation concept as
shown in Figure 5.
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Figure 5: The filter transformation concept [11]
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I1l. RESULTS

The S11 and S21 results were simulated and compared for
each design. The simulation was done in separated

frequency range of 2GHz-7GHz (low frequency range) and
7GHz-11GHz (high frequency range) to show more accurate
result compared to the wideband (2GHz-11GHz). For a
significant change in the result, the frequency ranges are
showed at 2GHz-6GHz in Figure 6 and 7GHz-11GHz in
Figure 7.

The copper waveguide performs high pass at the
frequency larger than cut off frequency of 2.76GHz. Design
A starts with the lowest S21 of -12.11dB and performs
almost a straight line across frequency range. Design B
shows low S21 in the frequency range between 2.77GHz
and 3.3GHz, where the lowest S21 of -34.52dB occurs at
2.77GHz. Besides that, both the Design A and Design B
achieve the highest S21 at 6GHz with value of -3.82dB and
-5.23dB respectively. Meanwhile, Design C and Design D
have low S21 after 3GHz. Design C achieves the lowest S21
of -56.26dB at 3.21GHz, while Design D achieves the
lowest S21 of -37.47dB at 4.1GHz. Both Design C and
Design D achieve the highest S21 at lower frequency, which
are 2.73GHz and 2.3GHz with S21 of -7.24dB and -9dB.
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Figure 6: The results of S-parameters of each design at low frequency range
(2GHz-6GHz)

At high frequency range of 7GHz-11GHz in Figure 7, the
copper waveguide still maintains the highest S21 and the
lowest S11 for transmission in Figure 7. Design A and
Design B perform high S21 at lower frequency, while low
S21 at higher frequency. The highest S21 of Design A is -
6.4dB at 7.12GHz and the lowest S21 is -34.64dB at
9.94GHz. Design B achieves the highest S21 of -5.26dB at
7GHz and the lowest S21 of -35.57dB at 10.13GHz. Both
Design C and Design D perform the highest S21 at higher
frequency of 9.88GHz with S21 -6.83dB and 10.58GHz
with S21 -6.57dB respectively. The lowest S21 of Design C
occurs at 7GHz with S21 -19.21dB, while Design D occurs
at 8.04GHz with S21 -27.54dB.

Overall, copper waveguide performs high pass at
frequency more than cut off frequency of 2.76GHz. Design
A shows pass band at 2.82GHz-8GHz. Meanwhile, Design
B performs pass band at 4.4GHz-8.6GHz. Design C and
Design D show stop band around 3GHz-9GHz. These shows
that Design A with only square DWS can perform at
2.82GH-8GHz compared to copper waveguide of high pass
at 2.76GHz. After adding horizontal connecting strip,
Design B shows narrower operation bandwidth of 4.2GHz
compared to Design A. Meanwhile, Design B and Design C
have opposite responses compared to each other. Design C
achieves pass band at 2.1GHz-2.96GHz and 8.5GHz-
11GHz. Design A and Design D also show opposite
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responses compared to each other. On the contrary, it
performs closer responses as Design C with pass band at
2.18GHz-2.42GHz and 9.5GHz-11GHz. This shows that
after adding both horizontal and vertical connecting strips,
Design D still achieves almost the same response as Design
C with vertical connecting strip.  Thus, the vertical
connecting strips contribute more effects to square DWS

compared to horizontal connecting strips.
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Figure 7: The results of S-parameters of each design at high frequency
range (7GHz-11GHz)

Figure 8 shows copper waveguide demonstrates high pass
at frequency larger than the cut off frequency at 2.76GHz. In
Figure 9 (a), L = 475.4pH is used to perform high pass at
low frequency range. At high frequency range, S21 is almost
at 0dB, only resistor is acted inside the transmission line that
causes negligible loss.
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Figure 8: The results of S-parameters from copper waveguide and
equivalent circuit design at (a) low frequency range (b) high frequency
range
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Figure 9: The equivalent circuit design at (a) low frequency range (b) high
frequency range

For Design A at low frequency range, L1 = 480.19pH is
constructed to perform high pass in Figure 11 (a). At high
frequency range, the stop band with the lowest S21 of
9.94GHz is created. The value of L1 = 499.7pH and C1 =
511fF are used to create stop band in Figure 11 (b).
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Figure 10: The results of S-parameters from Design A and equivalent
circuit design at (a) low frequency range (b) high frequency range
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Figure 11: The equivalent circuit design at (a) low frequency range (b) high
frequency range

For Design B, there are two stop bands created with the
lowest S21 occur at 2.77GHz and 3.3GHz, as shown in
Figure 12 (a). At 2.77GHz, L1 = 320.88pH and C1 = 7.88pF
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are used to perform stop band. Meanwhile, another stop
band has L2 and C2, which are equal to 644.7pH and 4.96pF
respectively. There is only one stop band that occurs at high
frequency range in Figure 12 (b). Stop band with the lowest
S21 at 10.13GHz is produced by L1 = 344pH and C1 =
713.8fF.
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Figure 12: The results of S-parameters from Design B and equivalent
circuit design at (a) low frequency range (b) high frequency range
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Figure 13: The equivalent filter circuit design at (a) low frequency range (b)
high frequency range

At low frequency range, Design C shows almost stop
band with the lowest S21 that occurs at 3.21GHz in Figure
14 (a). The stop band is created by L2 = 13.44pH and C2 =
157.55pF. Meanwhile, there is also pass band created by L1
= 11.2pH and C1 = 33.45pF to pass at 2.1GHz-2.96GHz.
Design C demonstrates pass band at high frequency range as
shown in Figure 14 (b). The pass band is produced by L1
and C1 with 45.71pH and 5.68pF respectively.
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Figure 14: The results of S-parameters from Design C and equivalent
circuit design at (a) low frequency range (b) high frequency range
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Figure 15: The equivalent filter circuit design at (a) low frequency range (b)
high frequency range

Design D performs almost stop band at low frequency
range with L2 = 49.22pH and C2 = 31.29pF in Figure 17 (a).
However, there is a narrow pass band occurs at 2.18GHz-
2.42GHz. The pass band is created by L1 = 79.26pH and C1
= 17.54pF. At high frequency range, Design D shows pass
band at 9.5GHz-11GHz as shown in Figure 16 (b). C1 of
1.35pF is used to perform the pass band. At high frequency
range, stop band with the lowest S21 occurs at 8.04GHz. L1
= 367.79pH and C2 = 1.07pF creates the stop band.
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Figure 16: The results of S-parameters from Design D and equivalent
circuit design at (a) low frequency range (b) high frequency range
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Figure 17: The equivalent circuit design at (a) low frequency range (b) high
frequency range

Copper waveguide performs high pass at frequency more
than cut off frequency of 2.76GHz. Design A and Design B
show closer response to achieve pass band around 4GHz-
8GHz. Meanwhile, Design C and Design D achieve pass
band around 9GHz-11GHz. This shows that the square
DWS with horizontal connecting strips behaves almost the
same characteristics as the square DWS with a gap separated
in between them. The same characteristics are also
performed by the square DWS with vertical connecting
strips and the square DWS with both horizontal and vertical
connecting strips. This also shows that the design vertical
connecting strips have significant effects compared to
horizontal connecting strip.

Copper waveguide achieves high pass and thus consists of
L and R for equivalent circuit. Design A achieves high pass,
while Design B achieves two stop bands at low frequency
range. However, stop band is performed at high frequency
range for both Design A and Design B. Different value of L
and C are used due to different lowest S21 value are
obtained. Design C and Design D show stop band and pass
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band at low frequency range. The differences in bandwidth
and the lowest S21 cause the differences in value of L and
C. At high frequency range, both Design C and Design D
achieve pass band.

1V. CONCLUSION

In this paper, the waveguide with defected waveguide
structure (DWS) is presented. DWS design can show pass
band and stop band responses. Design A and Design B have
closer characteristics to perform pass band at 4GHz-8GHz
with the highest S21 that occur at 6GHz achieves -3.82dB
and -5.23dB respectively. The closer characteristics are also
performed by Design C and Design D. They show stop band
at 3GHz-9GHz with the lowest S21 of -56.26dB and -
37.47dB that occur at 3.21GHz and 4.1GHz respectively.
Pass band is achieved by them at 9GHz-11GHz. In future,
the connecting strips of square DWS is designed in meander
line to shorten the gap separation.
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