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ABSTRACT

Microstrip rectangular patch antennas are gaining popularity
among antenna designers due to their appealing features, which
include minimal size, small weight, and ease of manufacturing. But
they additionally have certain disadvantages, such as low bandwidth
and poor gain. With careful antenna design, these disadvantages can
be somewhat mitigated. Numerous factors affect an antenna's
radiating capabilities, but for this project, we are focusing on the
electricity feeding the antenna because it is crucial. Three distinct
feed techniques are being examined here, and their impact on
radiating properties was investigated by contrasting all of the
antenna parameters to one another.FR4's dielectric constant material
is 4.4 its thickness is 1.6 mm, which is used to make the 2.4 GHz
antenna. Ansoff HFSS version 13 was utilized in the design. Results
are shown for return loss, gain, VSWR, and impedance.

Keywords: Microstrip patch antenna, probe feeding, microstrip
line feeding, impedance matching, S-parameters, VSWR, radiation
pattern.
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Introduction

Researchers have been interested in microstrip antennas because of

their numerous appealing qualities. The patch structures for
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microstrips are compared. Microstrip analysis has become a
complex research challenge due to its ease of manufacturing. The
21st-century goals of microstrip antenna research were system-level
integration, wide bandwidth, multiple functionalities, gain
enhancement, and size reduction. [1],[2]. In light of wireless
communication technology's recent widespread adoption, there is a
growing need for small, low-cost. Profiles and broadband antennas
have increased significantly. An antenna made of microstrip patches
has been proposed as a remedy due to its diminutive size, portability,
and reasonable price [3]. Executing a rectangular patch that is "W"
broad and "L" long on a single dielectric side makes up the antenna
with a microstrip patch. Thickness "h" and the substrate's dielectric
coefficient. Although any continuous design can be used, the most
prevalent forms for microstrip antennas are rectangular, elliptical,
circular, and square.

This paper's goal is to design and analyze feeding methods, coaxial,
inset cut, and transmission line, on patch antenna radiation
characteristics by comparing their parameters. Such that antenna
designers have the chance to select the best feed for their needs. A
software HFSS v13 was used for this design.

II. DESIGN OF ANTENNA MICROSTRIP PATCH.

The full-wave, cavity, and transmission line models are more
accurate to analyze microstrip patch antennas, which typically
employ the Moment Method and integral equation. With its
practical physical insight, the transmission line's model is the most
basic prototype. Consequently, the transmission line's model is used
within this work to illustrate our suggestion.

- Line of transmission

The representation of the microstrip antenna is given by a model
using a pair of spaces with widths of W and elevations of h,
separated by a transmission line that is L-long, as illustrated in
Figure 1. A non-homogeneous line composed of two dielectrics is
referred to as a microstrip. Usually, air and the substrate.[3].
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Patch

Dielectric Substrate

Ground Plane

Figure 1. An antenna with a microstrip patch.

Figure 2. ground and plane electrical field lines. [4],[8]-[12]

By looking at Figure 2, the field distribution diagram, this
demonstrates that while some Lines of electric field are partially
within the air, most of the lines are seen on the substrate.
Consequently, this line of transmission is not capable of supporting
pure transverse transmission. The substrate and the air would have
separate magnetic-electric (TEM) modes of transmission because of
the different velocities of the phases. Instead, the mode of quasi-
TEM would be the most common mode of propagation. Thus, it is
necessary to calculate an effective dielectric constant to take the
line's fringing and wave propagation into consideration. Due to the
fields on the edge that encircle the edges of the patch being scattered
within the atmosphere instead of inside the substrate for the
dielectric, as seen in figure 2, the dielectric constant of the substrate
is greater than the effective dielectric constant. The dielectric
constant's effective value can be written as follows:[4],[8]-[12]

Ert+1 &r—1

h,_
€reff = ——+——[1+12-] 1/2 (1)
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Where:  €,..57 is the Effective dielectric constant, er is the

Dielectric constant of the substrate, h is the Height of the dielectric
substrate, and W is the Width of the patch.

The two slots that comprise the microstrip patch's antenna are
divided by an L-length transmission wire that is both ends open-
circuited. Throughout the patch's breadth, the open ends cause the
voltage to be at its highest and the current to be at its lowest .The
domains located during the margins may be split up into the normal
and tangential elements in relation to the plane on the ground. The
width's two edges of the patches are of the patch out of phase and
pointing in opposite ways, which cancel with one another in the
broadside direction due to the patch's A/2 length. The strongest
domain that is radiated and normal to the structure's surface is
produced by the combination of the in-phase tangential components.
As a result, two radiating slots, each half of the area above the
ground plane, can be used to depict the width's edges, separated by
M2, and energized during the phase. The electrical microstrip
antenna patch appears larger compared to its actual measurements,
and the fields that border the breadth might be represented as
radiating slots. and electronically, it appears that the microstrip
antenna patch is larger compared to what it is. The size within the
patch has now been expanded by AL on both ends, which is:[4],[8]-
[12]

(ereff+0.3)(5+0.264)

AL = h0.412 (reyr—0258)r08) 2)
Here is the effective length: [4],[8]-[12]

The microstrip antenna's resonance frequency for the dominant
TM mode depends on its length. It is typically provided by:[4],[8]-
[12]

1 Y

Ir = edies v )

Where: 9, is the open-space speed of light.
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The width of the patch is established by:[4], [8]-[12]

1 , 2 _ 9 [2
w= 2fry/Ho€o | Ert1 N 2fr\ &rtl (5)

The patch's true length is provided by:[4],[8]-[12]

1
L e i (©)
Ground plane dimensions is : [8],[10]
Lg-6h+L ()
W, =6h+W (8)

The transmission line microstrip, featuring z, = 50Q as the
characteristic impedance, was employed in this paper. This value
allowed for determining the transmission line's width.

60 8d w
Eln(7+ﬁ) for w/d <1
Zy = 1207 d>1 (9)
Ve [5+1.393+0.667 In(5+1.444)] forw/d >
8eA
w_ m fOTW/d<2 (10)
4 |2[B-1-In@2B - 1) +Z={In(B - 1) + 0.39 — >=}] for w/d > 2

After we calculate some parameters, AL, L.¢r and f, the microstrip
antenna's width is 38mm, and its length is 29.4 mm

IT1. Methods of Feeding.

It is possible to feed microstrip patch antennas in a number of ways.
These techniques are split into two clusters: touching and not
touching. The mode of contact uses an element that connects, like a
microstrip line, to directly deliver RF energy to the patch that is
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emitting. Both the microstrip and the radiating patch exchange
power at the non-contacting scheme. In order to guarantee efficient
operation and optimize the matching of the input impedance of the
antenna, nourishment is essential.[6] The many kinds of feeding
methods include:

A. Coaxial Feed

Coaxial feeding of probes, as shown in figure 3 and 4, is a typical
technique of supplying antennas with microstrip patches. The
coaxial cable's inner conductor is soldered to the emitting metal
patch after passing through the dielectric, whereas the ground plane
and the outer conductor are joined. The input should be positioned
wherever within the patch that corresponds to the antenna's input
cable impedance. [4] The primary goals of probe feeding are
impedance matching, narrow bandwidth, and increased gain. [5]

Patcly

Figure 3. The upper view of the coaxial feed.[8]

Substrate

C::::axlal Ground Plane
Connector

Figure 4. A side view of coaxial feed.[8]
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The design of a microstrip antenna with probe feeding, as simulated
using HFSS, is shown in Figure 5.

/’iu

0 30 60 (mm)

Figure 5. The proposal microstrip antenna with probe feeding in HFSS

B. Microstrip line Feed

As seen in Figure 6, A strip of conductivity is attached straight near
the microstrip patch's edge in this type of feeding technique. The
advantage of such an arrangement for a feed setup is that the input
line is possibly engraved on the same substrate to create a flat
structure, and the strip of conductivity is narrower compared to the
patch.[7]

-z:fi_:mn-ip Fewel

Sulbstrane

Gronid Plaiss
Figure 6. Feed for microstrip lines.[8]

We simulated the microstrip antenna with a line feed by using
HFSS, as shown in Figure 7.
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r v
o 30 60 {mm})

Figure 7. The proposed microstrip antenna with line feed in HFSS

C. Cut Feed

Without the need for an additional matching component, the patch's
inset cut matches the line of feed impedance to the patch, as shown
in Figure 7. That's accomplished through appropriately managing
the inset location.[5]. Consequently, this creates a simple feeding
plan because it offers impedance matching, simplified modeling,
and ease of fabrication. The antenna's bandwidth is hampered by
surface waves and erroneous radiation from the feeds, which are
further exacerbated by the dielectric substrate thickness.
Additionally, the feed radiation produces undesired cross- polarized
radiation.

We simulated the microstrip antenna with inset cut feeding by using
HFSS, as shown in Figure 8§

0 45 90 (mm)

Figure 8. The proposed microstrip antenna with an inset cut feeding in
HFSS.[13]
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IV. Outcomes and discussion

A. Loss of Return

Loss of return is a metric that explains the amount of power that is
effectively delivered to the radiating element's feed point. When
functioning at a 2.4GHz frequency, the amount of return loss of the
microstriped patch antenna with coaxial feed is-13.536 dB as figure
9, while that of a microstrip cut feed is -24.019dB as figure 10, and
for feed is -11.49 dB as figure 11 at 2.4GHz. Thus, based on the
information above, we can conclude that cut feed is producing better
results than the other two.

Name X Y XY Plot 1 HFSSDesign1 &

mi__|2.3000]-13.5363

Curve Info
—— dB(SY(Cylinder1_T1,Cylinder1_T1))
Setup1 : Sweep

%
8
8
|

125 150 175 2.00 235 2.50 275 3.00
Freq [GHz]

Figure 9. S11 of the probe feeding method

Name X Y XY Plot 1 HFSSDesign1 4

mi__ | 23900 -24.0193

Curve Info

— dB(S(1,1)
4 Setup1 : Sweep

-5.00 —

4

~<10.00 —|

dB(S(1

15.00 —|

-20.00 —

-25.00 T T T T T T T
1.00 125 1.50 1.75 2.00 225 250 275 3.00
Freq [GHZ
Figure 10. S11 of the inset feeding method
Name | X Y XY Plot 1 HFSSDesignt 4
ml 2.4000 | -11.4894 Curve Info
l — dB(S(1.1))
7 Setup1 : Sweep
2.00 -
-4.00 {
% 6.00 -
° |
-8.00 —
-10.00 -
-12.00 —} I I I I
2.00 220 240 260 280 3.00

Freq [GHZ

Figure 11. S11 of the microstrip feeding method
10 ISTJ — Volume 38 - 1 1-38 2aall — 28 5 o slall 430 5al) Alaall



http://www.doi.org/10.62341/gapa3187

International Science and Volume 38 daad) Ay o gl At A )
_Technology Journal Part 1 M\ bk <
iy s ISTA.

http://www.doi.org/10.62341/gapa3187

B. Gain_3D

One of the most important challenges faced by antenna designers is
gain; in this paper, we can see how the type of feeding affects it, in
Figures 12, 13, and 14. As we found, the inset cut feeding is the best
type of feeding to achieve more gain.

dB{GainTotal}

4. 1964 -B@1
—6. 3834%e-001
-1, 6963e+0@8 z
-2, 7543e+008

-3, 8123e+008
—-4. 57@Ze+BD0E
-5. 9262e+B0E
—B. 9862e +BEE
-G, A4 42 e +BRA
-9, 1821 +888
—-1. 8160 +BE1
-1.1218e+8@1
-1, 2276e+8@1
-1.3334e+2@1
-1.4392e+@@1
—-1.5450e+0E1
—1. EB5A8e+EBH1

Figure 12. Gain of probe feeding

GainTotal

1.9577e+8868
1. 683653e+0@0
1. 7145e+288 z
1.5934% = +EEEA

1. 4720 +EEEA
1. 3586 +86E8
1. 2z297e+@86
1.1877e+8868
9. 86531e-0@1
5. 6455e-D@1
7. 4346 -EAEA1
6. 22A4% e -AEA1

S.88062Ze-BB1
5. 7919e-a681
2. 5777e-0@1
1.53635e-0@1
1.4927e-2@2

Figure 13. Gain of inset cut feeding

dB{GainTotal)

5.1839e-802
-Z. 3650e+EA1
—4.7352e+@01 z
=7.1854%e+EAA1

-9. 4756e+@81
-1.1546e+0B2
-1.4216e+@02
-1.65586e+@B2
-1.5956e+@82
—Z.1327e+0BZ
—-2.3697e+@02
—Z.ERBETe+BB2Z

—-Z.8457e+@02
-3.8507e+0B2
-3.3177e+@02
-3.5545e+0B2
-3, 7910e+BB2

Figure 14. Gain of microstrip line feeding
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C. Impedance

As seen from figures 15, 17, and 19, the best impedance matching
is achieved in the cut feeding method, and the results in 2D are
illustrated in figures 15,17,19, and by using the Smith chart in
figures 16, 18 and 20.

[hame [ x [ v | XY Plot 1 HFSSDesignt 4
24000| 289044 Curve bfo
1 — dB20(2t(Cylinder1_T1,Cylnder1_T1))
3750 — Setup?: Sweep
g ]
< ]
5 ]
23250
£
3 i
c i
< B
$27.50 —
£ R
s ]
g
g ]
£
2250 —
S ]
1750 : ‘ T T T
1.0 125 150 175 i

200
Freq [GHZ

Figure 15. Impedance of Probe feeding method

Smith Chart 1 HFSSDesign1 4

100 90 80 Curve Info

= Zt(Cylinder1_T1,Cylinder1_T1)
Setup1: Sweep

Figure 16. Smith chart of impedance of the probe feeding method
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XY Plot 2 HFSSDesignt &
23500 | 27.9987 Curve Ifo
] — dB20(Z(1,1))
i Setup? : Sweep
60.00 —

@
g
=
8
|

dB20(Z(1,1))
S
8
AN A

10.00 T T T T T T T
1.00 125 150 1.75 200 225 250 275 3.00
Freq [GHZ
Figure 17: Impedance of the Cut feeding method
Smith Chart 1 HFSSDesign1 &

00 90 80 Curve Info

(s Sl z(1.1)

Setup1 : Sweep

Figure 18. Smith chart of impedance of Cut feeding method

XY Plot 2 HFSSDesignt 4
| m [24000]305035 Curve hfo

— dB20(Z(1,1))
Setup1 : Sweep

®
F=)
=)

20(Z(1,1))

dB;
=
o
3

29.00

26.50

24.00
200
Freq [GHZ

Figure 19. The Microstrip line feeding method's impedance
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Smith Chart 1 HFSSDesign1 4

100 90 80 Curve Info
110 " 70 2(1.1)

Setup1 : Sw eep

Figure 20. Smith chart impedance of the Microstrip line feeding method

D-Voltage standing wave ratio (VSWR):

As we know, this property is very important to see if there is any
reflection of power. In figures 21, 22, and 23, we can see the result
for VSWR of three types of feeding, where the cut feeding method
is a very good result compared with the other two types.

[hame [ x [ ¥ ] XY Plot 2 HFSSDesign1 &
2400022909 Curve hfo
] —— VSWRt(Cylinder1_T1)
120.00 —| Setup1 : Sweep

I3 =)
8 S
S S
8 28

|

=3
o
1=
S

VSWRI(Cylinder1_T1)

200
Freq [GHZ]

Figure 21. VSWR for the Probe feeding method
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XY Plot 3 HFSSDesignt &
24000 11990 Curve fo
i — VSWR(1)
B Setup1 : Sweep
75.00 - Radidbdabad
6250
35000 -
/4 i
.
0
>3750 -
2500
1250 -
0.00 \ \ T T \
0 1.25 150 175 225 250 275 300

200
Freq [GHZ]

Figure 22. VSWR for the cut feeding method

XY Plot 3 HFSSDesign! &
Curve Info
] — VSIR()
- Setup : Sweep
1250 —
1000
750
- i
> .
5.00 |
250 | Bl
e v
000 ‘ | | |
200 220 280 3.00
Freq [GHZ)

Figure 23. VSWR for the microstrip line feeding method

In tablel, we can see a comparison between three types of feeding.
This comparison shows the differences in four properties of the
patch antenna. We note that the inset cut feeding achieves the best
results of return loss and gain.
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TABLE1: Comparison Of The Three Feeding Methods' Various
Parameters.

Feeding S parameter VSWR Gain Impedance
Technique (dB) (dB) (dB) (dB)
Transmission -11.489 1.7263 0.025 30.5035
line feeding
Inset cut 24.02 1.1990 291 27.9937
feeding
Coaxial probe -13.536 2.2909 0.42 28.9044
feeding

V. Conclusion

In this research, a comparison of several feeding methods for an
antenna with a rectangular microstrip patch is conducted. feeding
with coaxial probes, inset feeding, and microstrip line feeding are
contrasted using S-parameters, Gain, radiation patterns, and
VSWR.HFSS software is employed to simulate the Antenna
Microstrip Patch for the three feeding techniques. When comparing
consumption strategies. For the dielectric material FR4 with the
inset feed, the Patch Antenna Microstrip in Rectangular Form offers
the highest gain, the least amount of return loss, and the lowest
VSWR at 2.4 GHz. As a result, it claims that the inset feed offers
superior impedance matching in contrast to the Coaxial, moreover,
the line of microstrip feed.

This study utilizes HFSS software to highlight the importance of
feed selection in antenna design. By comparing different feeding
types, we show how gain, loss, and impedance matching are
affected. Based on these findings, the most effective feeding for our
specific antenna design can be accurately identified.
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