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Abstract—This paper reports comb-shaped patch antennas 

with asymmetrical geometries having two and three arms on 

the sides. The proposed geometry is evolved from regular 

rectangular shaped patch antenna by removing certain parts of 

the radiator patch and shifting the arms on one side of the 

antenna. Systematic simulations were obtained with the 

designed antennas for different arm shifting distances, and 

changes in resonance behavior and far-field radiation pattern 

were investigated. Results show that as the arm shifting 

increases the first and second resonance frequencies of the 

antennas decrease. Also, it is observed that the radiation occurs 

with two symmetric beams at the second resonance frequency 

of the designed antennas with no shift between the arms. 

However, as the arm shifting is applied the beam on the side of 

the arms closer to the feeding line gets stronger, whereas the 

other beam weakens. Obtained plots indicate that the 

directivity of the antennas have a tendency to increase with the 

arm shifting while the side lobe level decreases. In addition, 

results show that the half power beam width of the antenna 

increases with arm shifting. The simulations were repeated for 

different arm thicknesses and the same observations were held. 
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I. INTRODUCTION 

Antennas are devices that capture electromagnetic waves 
propagating in space and transmit them to a transmission line 
or vice versa [1]. Since antennas have wide usage of areas, 
they come in many different structures and features 
depending on the application [2]. Also, depending on their 
radiation antennas can be classified into three main 
categories that are isotropic, omnidirectional and directional 
antennas [3]. Isotropic antennas radiate electromagnetic 
power equally in all directions in three-dimensional (3D) 
space. Point sources are considered as isotropic antennas. 
Although point sources do not actually exist, isotropic 
antennas are important in analysis and while making 
comparisons [1]. Monopole and dipole antennas, on the other 
hand, are examples of omnidirectional antennas, radiating in 
a plane with equal power in all directions [4]. Such antennas 
are generally used to capture signals from all directions on a 
plane in applications that do not have a fixed transceiver 
location, such as portable FM-AM receivers, walkie-talkies, 
and some mobile phones [5]. Moreover, Yagi-Uda antennas, 
dish antennas, horn antennas, and microstrip patch antennas 
are examples of directional antennas [6]. These antennas 
generally have different operating frequencies and they are 
used in distinct applications. For example, Yagi-Uda 
antennas operate in the VHF and UHF bands, and one of the 

most common usages is the receiving of the television 
broadcasts [7]. However, because of their high directivity 
and focused radiation beam dish antennas are actively used 
in satellite systems and deep space studies [8]. Horn antennas 
are also another type of directional antennas and work in the 
UHF band [9]. Horn antennas are preferred especially in 
radar systems. Besides all these antenna types, due to their 
small volume, two-dimensional structure, and high-
performance patch antennas are used in platforms where 
physical limitations exist such as spacecraft, mobile devices, 
satellites, and missiles [10, 11]. Since patch antennas are 
easy-to-produce, inexpensive, and have high price-
performance ratio due to their simple structures, their 
popularities are growing day by day [12]. 

A traditional patch antenna consists of 3 layers. There is a 
metallic radiator patch on the upper surface, the ground plane 
on the bottom layer, and a dielectric substrate sandwiched 
between them. The characteristics of the antenna are mainly 
determined by the substrate material and the shape of the 
metallic radiator patch. In literature various antennas with 
very different radiator patch geometries such as rectangular 
and circular shaped [13, 14], triangular shaped [15], and U-
shaped patch antennas are reported [16]. These antennas 
have a few geometrical parameters that allow to set operating 
frequency. Another type of patch antenna investigated in 
literature is comb-shaped patch antenna [17, 18]. Unlike the 
above mentioned antennas, comb-shaped patch antennas 
have more geometrical parameters useful for setting antenna 
parameters. However, in all these works antenna geometries 
are designated to be symmetrical which results in symmetric 
far-field pattern and radiation. As far as we know there is no 
study in literature that introduces patch antennas with 
asymmetric geometry designed in a controlled way and 
investigates changes of antenna performance and parameters. 

In this study, we designed comb-shaped patch antennas 
with two and three arms at each side evolved from 
conventional rectangular patch antenna resonating at 5 GHz 
and investigated changes of the antenna behavior as the 
symmetrical geometry of the antenna is disrupted by shifting 
arms on one side of the antenna in a controlled way. With 
full set of simulations, the changes in the antenna parameters 
that are resonance frequency, directivity, half power beam 
width, and side lobe level by shifting the arms were 
examined. Results show that the proposed asymmetrical 
geometry of the antenna enables the radiation to occur at a 
desired angle with a specific side lobe level. It means, 
instead of adding a third dimension to the antenna, one can 
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Fig. 1. Designed rectangular patch antenna geometry and its parameters. 

adjust the far-field pattern of the antenna in the desired 
direction by shifting the arms and forming asymmetrical 
structure on the two-dimensional (2D) comb-shaped patch 
antenna, which is useful especially for applications in a 
limited area and volume. In addition, simulation results 
indicate that for the studied comb-shaped antennas the 
resonance frequency and directivity of the antenna can be 
arranged with arm shift in a controlled manner. 

II. ANTENNA DESIGNS 

As a first step, a rectangular patch antenna was designed 
to operate at 5 GHz. The substrate material of the antenna 
was chosen FR-4 and is sandwiched between two copper 
layers in the designed antenna. The thickness of the substrate 
material and the two copper layers in the designed antennas 
were set to be 1.59 mm and 0.035mm, respectively. 
Geometry of the designed rectangular patch antenna is 
shown in Fig. 1. The width (wp) and length (lp) of the radiator 
patch in the designed antenna are 26.25 mm and 13.56 mm, 
respectively. These values were found with optimization in 
the simulation tool for the antenna to operate at 5 GHz 
frequency. To set the input impedance to 50 ohms, on the 
other hand, the width of the feeding line (wf) was adjusted to 
be 3.31 mm and its length (lf) was set 10 mm. 

Next, comb-shaped antenna with arms on its both sides 
was designed. To this end, some portions of the radiator 
patch in the rectangular antenna have been removed. The 
created comb-shaped antenna was primarily designed with 
two arms on both sides, which is shown in Fig. 2(a). As seen 
in the figure the antenna has symmetric architecture with 
consecutive arms on each side having a constant width (w) 
separated from each other by a uniform spacing (d). The 
width and distance between the arms are related with each 
other such that the total width of the radiating patch is the 
same with the length of the designed rectangular patch 
antenna that equals to 13.56 mm. Also, arm lengths of the 
designed comb-shaped antennas are set constant to be equal 
to half of the difference between the width of the designed 
rectangular antenna and width of the feeding line, i.e. 11.47 
mm ((26.25 mm – 3.31 mm) / 2).   

Later, arms on one side (here it is left) of the designed 
comb-shaped antenna were shifted towards the feeding point. 
By this way, symmetrical geometry of the antenna is 
transformed into asymmetrical geometry. The radiation 
occurs from the designed symmetric comb-shaped antenna 
with two equal main beams positioned symmetrically with 
respect to the opposite, i.e., broadside, direction of the 
antenna. However, by shifting the arms and converting the 
antenna geometry to be asymmetric it is aimed to strengthen 
one of the main beams radiated from the comb-shaped 
antenna while weakening the other. The comb-shaped 
antenna having two arms on both sides shifted with respect 
to each other is shown in Fig. 2(b). In the figure shifting 
distance of the arms on left side with respect to the arms on 
right is labelled as s. 

After, analysis were repeated with comb-shaped antenna 
having three arms on both sides. As in the comb-shaped 
antenna with two arms, the comb-shaped antenna having 
three arms on both sides was first designed to have a 
symmetric architecture. The geometry of the comb-shaped 
antenna with three-arms on both sides and its parameters are 
represented in Fig. 3(a). As seen, the distance between the 
consecutive arms on one side (d) is fixed. Also, the arm 
widths (w) are equal to each other. The arm lengths, on the 
other hand, are constant and equal to the length of the arms 
in the double arm comb-shaped antenna.  

Lastly, as with the comb-shaped antenna having 2 arms 
on each side, the arms on one side of the designed comb-
shaped antenna with three arms on its sides were shifted 
towards the feeding line. By this way, again the antenna 
symmetry is disrupted and it is aimed to strengthen one of 
the main beams radiated from the comb-shaped antenna and 
increase directivity together with adjusting side lobe level 
while rotating the main radiation beam to a desired direction. 
The comb-shaped antenna geometry with three arms on both 
sides shifted with respect to each other is shown in Fig. 3(b). 
As in Fig. 2(b), here shifting of the arms on the left side with 
respect to the arms on the right side is marked with s.  

III. RESULTS AND DISCUSSION 

Simulations were started with the designed rectangular patch 
antenna (see Fig. 1) with radiator patch sizes equal to 26.25 
mm and 13.56 mm. S11 parameter change of the antenna 
with frequency calculated in simulations over the range 
spanning from 0 to 10 GHz is shown in Fig. 4. As expected, 
in the figure it is seen that the antenna resonates at 5 GHz 
frequency with S11 parameter magnitude equals to -55 dB at 
the resonance. In the simulations, 3D radiation pattern of the 
antenna in far-field was calculated, too. The far-field 
radiation (here directivity) pattern of the antenna at 5 GHz 
resonance frequency found in the simulations is shown in 
Fig. 5. It is seen that the radiation pattern is symmetric with 
respect to the direction opposite of the antenna. Also, there is 
a single lobe with a maximum directivity value of 6.905 dBi 
in the broadside direction of the antenna and the half power  

  

Fig 2. Comb-shaped antenna with two arms on both sides and the 
geometrical parameters. (a) Symmetric comb geometry with no shift 
between the arms, (b) asymmetric comb geometry with a shift between the 
arms on the left and right sides. 

 

Fig. 3. Comb-shaped antenna with three arms on both sides and the 
geometrical parameters. (a) Symmetric comb geometry with no shift 
between the arms, (b) asymmetric comb geometry with a shift between the 
arms on the left and right sides. 
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Fig. 4. S11 parameter magnitude change of the designed rectangular 

antenna with frequency calculated in simulations. 

 
Fig. 5. Far-field directivity pattern of the antenna at 5 GHz resonance 
frequency calculated in simulations.  

beamwidth is 78.9°. 

Next, simulations were performed for the designed comb-
shaped antenna with two arms on both sides. As explained 
before, the length and width of the arms in the designed 
antenna equal to 11.47 mm and 5 mm, respectively. Also, 
distance between the consecutive arms on one side is set to 
3.56 mm. The total width of the radiator patch is 26.25 mm 
same with the rectangular patch antenna. The simulations 
were first obtained for the antenna with symmetric geometry 
and then repeated for the asymmetric geometry with different 
arm shifts from 0 mm till 9.8 mm with 0.2 mm interval. S11 
magnitude change of the antennas calculated in simulations 
is shown in Fig. 6. In the figure, for clear illustration results 
obtained for arm shifts that are integer values between 0 mm 
and 9 mm are presented. 

As seen, two resonances occur around 2.75 GHz and 5.2 
GHz, respectively. In addition, a third resonance arises in 
some cases around 8.55 GHz but it is not investigated deeply 
since it only occurs for a few cases. In the figure, it is also 
seen that both the first and second resonances shift to lower 
frequencies as the arm shifting increases. On the other hand, 
the first resonance around 2.75 GHz gets stronger while the 
second resonance around 5.2 GHz diminishes as the arm 
shift increases. Changes of the first and second resonance 
frequencies with arm shift are shown in Fig 7(a) and (b), 
respectively. In subfigure 7(a) the markers start from the 4.2 
mm shifting because S11 parameter magnitudes of the 
antennas with arm shift lower than 4.2 mm are above -10 dB 
at the first resonances. However, in the subfigure it is also 
seen that the first resonance frequency of the antenna 
decreases almost linearly with shifting until the shifting 
equals to 9.4 mm. This is an important observation indicating 
that the first resonance of the designed comb-shaped antenna 
can be decreased to lower frequencies by simply shifting the 
arms on one side without enhancing the total area of the 
radiator patch. However, after 9.4 mm shifting the first 
resonance frequency stays almost constant. On the other 
hand, in subfigure 7(b) the data start from 0 mm shifting and 
it is observed that the resonance frequency is 5.45 GHz for 
the case of 0 mm shifting. However, in the subfigure it is 

 

Fig. 6. S11 parameter magnitude change of the designed comb-shaped 
antenna having two arms on both sides with frequency calculated in 
simulations for various shifting distances. 

also observed that the resonance frequency decreases as the 
shifting of the arms increases. This is a continuous decrease 
and persists up to 4.9 GHz at 9.9 mm shifting in the figure. 

 After S11 parameter and resonance frequency analysis, 
the far-field directivity patterns of the designed comb-shaped 
antenna with two arms on both sides at resonance 
frequencies around 5.2 GHz were calculated, too. Since 
resonance frequency alters with arm shift, simulations were 
repeated for each arm shift case at corresponding resonance 
frequency. In Fig. 8 3D far-field directivity patterns of the 
antenna for three different arm shifting distances at 
corresponding resonance frequencies are shown. As seen in 
the figure, the radiation occurs with two symmetric main 
beams for 0 mm shifting. It is expected because 0 mm 
shifting corresponds to comb-shaped antenna with symmetric 
geometry. However, as the arms slide the beam on the side 
of the shifted arms gets stronger while the beam on the other 
side gets weaker. It is seen that as the shifting increases the 
maximum directivity achieved by the antenna increases, too. 
Also, the side lobe level of the antenna decreases with arm 
shifting. Change of the maximum directivity achieved by the 

 

Fig. 7. Resonance frequency change of the designed comb-shaped antenna 
having two arms on both sides with arm shifting. (a) The first resonance 
around 2.75 GHz, (b) the second resonance around 5.2 GHz. 
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antenna with arm shift at corresponding resonance 
frequencies around 5.2 GHz is shown in Fig. 9. Also, the side 
lobe level change of the antenna with arm shift is shown in 
Fig. 10. In Fig. 9 it is seen that directivity of the designed 
comb-shaped antenna having two arms on both sides 
increases with arm shift, such that it increases from 6.2 dBi 
to 7.6 dBi for 0 mm and 8 mm arm shift values, respectively. 
However, speed of the increase gets slower as the arms shift 
more and at 9 mm arm shift the directivity value decreases to 
7.5 dBi. In Fig. 10, on the other hand, continuous decrease in 
side lobe level is seen. The side lobe level of the designed 
antenna decreases from 0 dB to -7 dB as the arms shift from 
0 mm to 9 mm. 

In addition to the directivity and side lobe level, half 
power beam width of the antenna varies as the arms are 
shifted in the designed comb-shaped antenna. Change of the 
half power beam width of the designed antenna with arm 
shift calculated at corresponding resonance frequencies 
around 5.2 GHz is shown in Fig. 11. In the figure it is seen 
that the half power beam width increases continuously with 
arm shifting. The half power beam width of the antenna is 
found 55.6° in the case of no shift between the arms and it 
increases up to 61.2° when 9 mm arm shift is applied. 

After comb-shaped antenna analysis with two arms on 
both sides, simulations were repeated for the comb-shaped 
antenna design having three arms on both sides. As in the 
comb-shaped antenna with two arms on the sides, the length  

 

Fig. 8. 3D far-field directivity pattern of the antenna for (a) 0 mm arm 

shifting, (b) 5 mm arm shifting, (c) 9 mm arm shifting, calculated at 
resonance frequency of 5.446 GHz, 5.208 GHz, and 4.941 GHz, 

respectively. 

 
Fig. 9. Change of maximum directivity achieved by the designed comb-
shaped antenna having two arms on both sides with arm shift calculated at 
corresponding resonance frequencies around 5.2 GHz. 

 
Fig. 10. Side lobe level change of the designed comb-shaped antenna having 
two arms on both sides with arm shift calculated at corresponding resonance 
frequencies around 5.2 GHz. 

 

Fig. 11. Half power beam width change of the designed comb-shaped 
antenna having two arms on both sides with arm shift calculated at 
corresponding resonance frequencies around 5.2 GHz. 

and width of the arms in the designed antenna equal to 11.47 
mm and 5 mm, respectively. In addition, for fair comparison, 
total width of the radiator patch is set to be 26.25 mm same 
with that of the designed rectangular antenna and comb-
shaped antenna with two arms. The simulations were again 
first performed for the designed antenna with no shift 
between the arms on the sides and then for the antenna with 
various shifting distances. S11 magnitude change of the 
designed comb-shaped antenna with three arms on both sides 
having symmetrical and asymmetrical geometries calculated 
in simulations is shown in Fig. 12. In the figure it is seen that 
two resonances occur around 2.9 GHz and 5.2 GHz. Also, a 
third resonance arises around 8.95 GHz. This is the same 
with the behavior observed for the designed comb-shaped 
antenna with two arms on the sides. Since the third resonance 
around 8.95 GHz appears strong enough, i.e., below -10 dB, 
only for few cases, here again only the first two resonances 
are investigated. In the figure it is seen that both the first and 
second resonances shift to lower frequencies as the arm 
shifting increases. On the other hand, the first resonance has 
a tendency to be stronger with the arm shift, whereas the 
second resonance has a tendency to weaken as the arm shift 
enhances. Changes of the first and second resonance 
frequencies of the designed antenna having three arms on the 
sides with arm shift are illustrated in Fig. 13. 

In the figure it is seen that the designed comb-shaped 
antenna with three arms on its sides having a symmetrical 
geometry resonates at 3.12 GHz and 5.49 GHz. Both of the 
resonance frequencies decrease with arm shifting such that 
the first resonance frequency decreases to 2.71 GHz and the 
second resonance frequency decreases to 4.91 GHz when the 
arms on one side are shifted by 10 mm with respect to the 
arms on the other side. In subfigure (a) it is clear that the first 
resonance frequency decreases continuously till 9.3 mm and 

 
Fig. 12. S11 parameter magnitude change of the designed comb-shaped 
antenna having three arms on both sides with frequency calculated in 
simulations for various shifting distances. 
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Fig. 13. Resonance frequency change of the designed comb-shaped antenna 
having three arms on both sides with arm shifting. (a) The first resonance 
around 2.9 GHz, (b) the second resonance around 5.2 GHz. 

after 9.3 mm arm shift the resonance frequency stays almost 
constant. On the other hand, in subfigure (b) it is seen that 
the second resonance frequency of the designed comb-
shaped antenna having three arms on both sides decreases 
monotonically with the arm shift for the arm shifting 
distances between 0 mm and 10 mm. These observations are 
the same with that obtained for the designed comb-shaped 
antenna having two arms on the sides. For further 
investigation, the far-field directivity pattern of the designed 
antenna with three-arms on the sides was calculated, too. In 
Fig. 14 far-field patterns of the designed antenna for three 
different arm shift distances calculated at resonance 
frequencies around 5.2 GHz are shown. As seen in the 
figure, radiation occurs with two equal and symmetrical 
main beams for the antenna having no shift between the 
arms. This is the same with what was observed before for the 
antenna with two arms on the sides. However, as the arm 
shifting increases the beam on the side of the arms closer to 
the feeding line gets stronger, whereas the other beam on the 
side of the arms further away from the feeding line 
diminishes. Change of the maximum directivity achieved by 
the designed antenna at corresponding resonance frequencies 
around 5.2 GHz with arm shifting is shown in Fig. 15. In 
addition, side lobe level change of the designed antenna with 
arm shifting is shown in Fig. 16. 

In Fig. 15 it is seen that the directivity of the designed 
antenna having three arms on both sides has an increasing 
trend with arm shift such that the directivity increases from 
6.2 dBi to 7.7 dBi as the arm shifting is applied starting from 
0 mm till 8 mm. After 8 mm arm shifting the directivity 
decreases slowly. This is the same with what was observed 
before for the designed comb-shaped antenna having two 
arms on the sides. In Fig. 16, on the other hand, it is seen that 
the side lobe level of the designed comb-shaped antenna 
having three arms on both sides decreases continuously with 
arm shifting. The side lobe level decreases from 0 dB to -7.2 
dB as the arm shift extends from 0 mm to 9.5 mm. 
Moreover, half power beam width variation of the designed 
antenna with three arms on the sides were examined, too. As 

 

Fig. 14. 3D far-field directivity pattern of the antenna for (a) 0 mm arm 
shifting, (b) 5 mm arm shifting, (c) 9.5 mm arm shifting, calculated at 
resonance frequency of 5.486 GHz, 5.228 GHz, and 4.931 GHz, 
respectively. 

 

Fig. 15. Change of maximum directivity achieved by the designed comb-
shaped antenna having three arms on both sides with arm shift calculated at 
corresponding resonance frequencies around 5.2 GHz. 

 

Fig. 16. Side lobe level change of the designed comb-shaped antenna having 
three arms on both sides with arm shift calculated at corresponding 
resonance frequencies around 5.2 GHz. 

 

Fig. 17. Half power beam width change of the designed comb-shaped 
antenna having three arms on both sides with arm shift calculated at 
corresponding resonance frequencies around 5.2 GHz. 

seen in Fig. 14, radiation and beam width of the antenna alter 
depending on the arm shift. Half power beam width change 
of the designed comb-shaped antenna having three arms on 
both sides with arm shift calculated at resonance frequencies 
around 5.2 GHz is shown in Fig. 17. In the figure it is seen 
that the half power beam width of the antenna is 55.5° for 0 
mm arm shifting and it increases with arm shift to 61.6° in 
the case of 9.5 mm arm shifting. Results show that both the 
designed antennas having two and three arms on the sides 
exhibit very similar behaviors with arm shifts. For further 
comparisons, the simulations were obtained for the same 
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antennas with different arm thicknesses. The same 
observations were held with that reported in the paper. 

IV. CONCLUSION 

 In this study, comb-shaped patch antennas having two 
and three arms at the sides with symmetrical and 
asymmetrical geometries are investigated. The designed 
symmetrical comb-shaped antenna is evolved from a regular 
rectangular shaped antenna and the asymmetrical comb-
shaped antenna geometry is obtained by shifting the arms on 
one side of the symmetrical antenna. The designed 
symmetrical and asymmetrical antennas were analyzed with 
3D simulations for various arm shifting distances. Results 
show that the designed antenna characteristics of resonance 
frequency and radiation pattern alter in controlled manner as 
the arms on one side of the antenna shift.   

In the simulations, it is observed that the comb-shaped 
antennas perform more than two resonances. The first 
resonance frequencies of the designed antennas decrease 
with arm shift till a certain arm shifting distance, whereas the 
second resonance frequencies of the antennas decrease 
continuously with arm shifting. It indicates that the 
resonance frequencies of the comb-shaped antennas can be 
set to lower frequencies by simply shifting the arms on one 
side of the antennas without changing the total radiation 
patch area.  

In addition, in simulations it is seen that radiation occurs 
in the designed comb-shaped antennas at the second 
resonance frequency with two beams. In symmetric 
geometry where no shift is applied to the arms, two main 
beams with equal intensities arise symmetrically with respect 
to the broadside direction. When shifting is applied the main 
beam on the side of the arms closer to the feeding line gets 
stronger, whereas the other beam on the side of the arms 
away from the feeding line weakens. Calculated results show 
that the maximum directivities of the designed comb-shaped 
antennas have a tendency to increase with the arm shifting. 
As the arms on one side of the antennas are shifted the 
maximum directivities achieved by the antennas increase. 
However, speed of the increase gets slower as the arms shift 
more and after a specific arm shifting distance the directivity 
value of a designed antenna decreases. Moreover, in the 
simulations it is observed that side lobe level of the designed 
comb-shaped antennas continuously decreases with the arm 
shift. It is an expected result because as the arms on one side 
of the antennas are shifted the main beam becomes stronger 
while the side lobe gets weaker. The half power beam width 
of the designed antennas, on the other hand, increases with 
arm shift. 

The findings of this study demonstrate that with the 
proposed asymmetrical comb-shaped antenna geometry it is 
possible to shift the resonance frequency, adjust the radiation 
pattern and change the radiation characteristics of directivity, 
side lobe level, and half power width in a controlled way 
without need to make the antenna design 3D, which is 
beneficial for applications with limited size requirements 
including satellite and mobile communication systems, and 
RFID and Internet of Things (IoT) applications. 
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