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Abstract

This paper presents a simulation and analysis of a circular patch antenna with different feeding techniques. The objectives of this analysis
are to design the microstrip circular patch antennas using five types of feedings techniques which are stepped feed, inset feed, coaxial feed,
aperture coupled feed, and proximity feed, to analyze and compares the performance of the antenna design. Performance characteristics of
the antenna such as return loss S11 parameter <-10dB, directivity, gain, bandwidth, side lobe level, beam width, and voltage standing wave
ratio (VSWR) parameters of each of the feeding methods designs are obtained and compared.
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1. Introduction

A lot of methods which can improve the patch antenna performance
have been proposed by many researchers [1]. One of the methods

‘atch

to lead maximum power of transmission in patch antenna is the bstrate
feeding techniques. It is important in designing of the patch antenna g{iﬂmd
and the techniques that choose in the design plays an important role ) )

in the impedance matching. The microstrip patch antenna is well- ~ Fig- 1: Stepped feed technique structure

known in suffers from the limitation of narrow impedance band-
width. For example, Inset feed types offer high gain but less effi-
cient in radiation efficiency. For the proximity feed, it has low in
radiation performance. With this statements result from the previ-
ous research study, it is clear that different feeding techniques give
different characteristic performances. Therefore, selecting types of
feedings is one of the most important features in designing the mi-
crostrip circular patch antenna to meets the design requirements.

2. Research Methodology Eﬁ;md

Fig. 2: Inset feed technique structure

2.1.2. Inset feed technique

atch

2.1. ldentification of Project Requirement

2.1.3. Coaxial feed technique
Design requirements of this project are to have a circular shape mi-
crostrip patch antenna with five types of feeding techniques [2] us-
ing FR-4 (Lossy) as the substrate with a dielectric constant value
equal to 4.3. The simulation of a patch antenna is done using CST
microwave studio software. Each of the design structures as shown

in figure 1 to figure 5 respectively. Bore alch
. Ground ubstrate
2.1.1. Stepped feed technique plane plane
outer ground er pin
coated conductor
Fig. 3: Coaxial feed technique structure
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e In this section presented the optimize design achieved and the re-
Fig. 5: Aperture feed technique structure sults after the optimization according to the feeding design tech-
niques.
3. Antenna Design 3.2.1. Stepped feeding technique

3.1. Elementary Design

For the final design, after optimization for stepped feed design,
length of stepped feed, Lf is chosen to be equal to 4mm as in figure
9 and the parameter shows in table 2.

By using the basic line feed technique as in figure 6, this design is
considered as the elementary design of this circular patch antenna.

The parameters are shown in table 1. The simulation results as
shown in figure 7 and figure 8.

A .

Fig. 9: Antenna with Stepped feed design

Table 2: Design measurements of Stepped-feed

: Parameters Definition Measurements (mm)
Fig. 6: Basic design of Circular Microstrip Patch Antenna with stripline feed ~ Patch radius a 17.25
method Length of the feed line Ps 16.638
Length of stepped feed Lf 4

Table 1: Design measurements Height of the patch hp 0.035
Parameters Definition Measurements (mm) Height of the substrate hs 16
Patch radius a 17.675 Width of gap Wy 4.5
Length of the feed line Ps 12 Width of feed line Ws 2574
Height of the patch hp 0.035 Width of stepped feed wi 3
Height of the substrate hs 1.6
Width of gap Wg 45 Stepped feed length has been manipulated in order to see its effects
e G e T LB LY to the performance result as shown in figure 10 and figure 11.
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Fig. 10: Stepped length vs Return loss Sy;
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Fig. 11: 3D Farfield Radiation pattern and in polar.
3.2.2. Inset feeding technique

After design optimization, as shown in figure 12, Inset feed position;
Lp is chosen to be equal to 7mm as shown in table 3.
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Fig. 15: Antenna with coaxial-feed design

Table 4: Design measurements of coaxial-feed

Parameters Definition Measurements (mm)

Patch radius a 16.95
Quter core radius r_out 5
Inner core radius r_in 05
Length of the feed line Ps 7.45
Length of Substrate Ls 435
Height of the patch hp 0.035
Height of the substrate hs 1.6
Height of ground hg 1.6
Width of substrate Ws 50.09

Fig. 12: Antenna with Inset feed design

Table 3: Design measurements of Inset-feed
Parameters Definition Measurements (mm)

Patch radius a 17.25
Length of the feed line Ps 11.092
Length of inset feed Lp 7
Height of the patch hp 0.035
Height of the substrate hs 1.6
Width of gap Wg 4.5
Width of feed line Ws 2.574
Width of feed slot Wf 3.287

Inset feed length has been manipulated in order to see its effects on
the performance and the results as shown in figure 13 and figure 14.
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Fig. 13: Inset feed position vs Return loss Sy;
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Fig. 14: 3D Farfield Radiation pattern and in polar

3.2.3. Coaxial feeding technique

Optimize design for the patch using coaxial feed techniques as
shown in figure 15 and the final parameters of the design as in table
4. For final design after optimization, the radius of the inner pin,
r_in is chosen to be equal to 0.5mm.

The radius of the inner core has been manipulated in order to see its
effects on the performance result as shown in figure 16 and figure
17. The radius of the inner core design gives impacts to the
performance of an antenna.
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Fig. 16: Inner core radius vs Return loss Si;
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Fig. 17: 3D Farfield Radiation pattern and in polar

3.2.4. Proximity feeding technique

Optimize design for the patch using proximity feed techniques as
shown in figure 18 and the final parameters of the design as in table
5. For final design after optimization, the radius of the patch, a is
chosen to be equal to 16mm.
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Fig. 18: Antenna with Proximity feed design

Table 5: Design measurements of proximity-feed
Parameters Definition Measurements (mm)

Patch radius a 16
Length of the feed line Ps 11.092
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Height of the patch hp 0.035 N (paramet: ] (Hagnuse n ) _
Height of the substrate hs 1.6 N === S S =SS T———
Height of ground hg 1.6 0 :
Width of feed line WF 3 5T |

The radius of the patch is the variable factor in this particular
feeding design technique. The radius of the patch has been
manipulated in order to see its effects on the performance result as
shown in figure 19 and figure 20.

[Parametric Phot] [Magntude n dB]

=l 51,1 (a=16)

51,1 (a=17)

2 21 22 23 24 25 26 2.7 28 29 3
Frequency / GHz

Fig. 19: Patch radius vs Return loss Sy;
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Fig. 20: 3D Farfield Radiation pattern and in polar

3.2.5. Aperture feeding technique

Aperture-slot width has been manipulated in order to see its effects
on the performance. For final design after optimization, aperture-
slot width, Wgs is chosen to be equal to 8.25mm. Design and final
parameters show in figure 21 and table 6 respectively.
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Fig. 22: Aperture-slot width vs Return loss Sy
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Fig. 23: 3D Farfield Radiation pattern and in polar

4. Discussion

Aperture feed has higher return loss bandwidth compares to others
feeding methods. The stepped feed has the highest directivity that
makes it an antenna representing more focused beams. The
proximity feed method provides the highest gain; describes how
well the antenna converts the input power into radio waves headed
in a specified direction [3] and the lowest result is given by aperture
feed. For bandwidth performance of an antenna, far in distance
provides between a lower frequency and higher frequency under the
cut off the magnitude of -10dB is desirable. Again, proximity feed
design observed the higher bandwidth; describes that an antenna
has the good impedance matching. For the side lobe level
performance, the coaxial feed has the best result with a minimum
sidelobe level. Proximity feed gives the highest beam width
performance. Aperture feed has the lowest of the VSWR value
nearly to 1; describes how well the antenna is impedance matched
to the transmission line it is connected to [4]. The smaller the
VSWR is, the better the antenna is matched to the transmission line
and more power is delivered to the antenna. Complete results are
shown in table 7.

Table 7: Comparison of the performances

1D Results / S- Feeding types
| parameters Basic Step Inset
Fig. 21: Antenna with Aperture feed design Reg: ::cht_:/?:y ?(ljlé(; B) '229'5228 1549213 '356 :? L
Table 6: Design measurements of aperture-feed Bangv?/liz t(: (Bgin) 02'0578015 Sggg 02'0588594
Parameters Definition Measurements (mm) Beam width (deg) 917 904 925
Patch radius a 12.25 Side lobe level (dB) -11.6 -12.7 -11
Length of the feed line Ps 11.092 VSWR 1.622 1.452 1.315
Length of aperture slot Lgs 10 Return Loss, Su(dB) | -26.783 -17.67 -46.591
Height of the patch hp 0.035 Directivity (dB) 5.667 5.779 3.749
Helght of the substrate hs 1.6 Gain (dB) 3.778 1.701 1.297
H‘-f'dg*r‘]t ‘}ffgr‘(’jul’?d hgf é-s Bandwidth (GHz) 0.136 0.071 0.124
w: dtth O e ot w . - Beam width (deg) 93.7 92.6 86.5
P g ' Side lobe level (dB) 104 0 2
VSWR 1.096 1.301 1.009

Aperture-slot width has been manipulated in order to see its effects
on the performance result as shown in figure 22 and figure 23.

5. Conclusion

The circular patch antenna with several feeding methods design
techniques has been successfully designing, simulated, analyzed
and discussed. From this comparison, it is observed that the non-
coupling feed method, proximity feed and aperture feed provides
the best output desired results. The design is selected based on the
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requirement of the application, as the objective of this particular re-
search is for Wi-Fi application. It is true that aperture feed shown
the better performances among these five feed techniques which
have the highest return loss value, least sidelobe level, and lowest
VSWR and can be selected as the most efficient feeding methods
with the circular patch antenna. However, high bandwidth which
makes it the right choice for inside building reception, with higher
gain, and higher beam width makes proximity feed technique with
circular patch antenna is suitable for the application requirement.
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