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Effects of Using Different Substrates on the Performance
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Abstract Different dielectric materials affect the electrical characteristics of a patch antenna differently. In this paper, the
design frequency and the thickness of the substrate were kept constant, while different substrate materials were used in the
design of an inset fed rectangular patch antenna in other to study the effect of these substrate materials on the Gain and
radiation pattern of the antenna. Substrate materials like FR4 with dielectric constant of 4.4, Duroid (tm) with dielectric
constant of 2.2, Foam with dielectric constant of 1.05 and Neltec NH9348 with dielectric constant of 3.48 were investigated.
The antenna was designed and simulated using HFSS software. The result obtained shows that foam, with the least dielectric
constant has the highest gain with a wide beam radiation pattern, followed by Duroid, while FR 4 has the least gain.
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1. Introduction

Antennas play a key role in the present day wireless and
mobile communication systems, and microstrip patch
antennas are widely deployed in our mobile and portable
communication devices because of their small sizes, low
production cost, light weight, conformability, ease of
fabrication and the ease with which they can be etched on a
circuit board.

A microstrip Patch is a form of a narrow band with a wide
beam antenna, which can be described simply as being made
up of a metallic radiating patch and a ground plane each one
at one side of a dielectric substrate and a feeding point which
can either be connected to the radiating patch directly or
indirectly, depending on the feeding method used. They can
also be seen as planar resonant cavities that radiates from
fringing fields around their edges and which has peak
efficiency when its impedance is well matched [1, 6, 8].

The radiating patch is made up of a conducting material
which can be copper or gold, and different feeding methods
can be employed to excite the patch [8, 10]. The substrate is
used primarily to provide adequate spacing and mechanical
support between the radiating patch and the ground plane.
More often, substrate with high dielectric-constant materials
are used to load the patch and reduce its size at the expense of
the bandwidth and radiation efficiency [13, 14]. While a
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thicker substrate with lower permittivity gives a better
radiation efficiency, improved bandwidth while sacrificing
the size [15]. It is therefore very important to carefully select
the substrate to use based on the aim of the design. Ideally,
the substrate material should have low insertion loss with a
loss tangent of less than 0.005 [13].

Microstrip patch antennas are the most versatile and
commonest form of etched antennas. They have a lot of
advantages when compared with other types of conventional
antennas and hence have wide area of applications like
mobile and satellite communication, global positioning
system and radar application to mention a few.

Patch antennas come in different shapes like: rectangular,
square, circular, elliptical and triangle and their sizes depend
on the thickness of the substrate. The most popular of these
are the rectangular and the circular patch antennas and both
have wide radiation patterns [5].

One major problem associated with a patch antenna is its
narrow bandwidth and this limits the range of frequency over
which this antenna can perform excellently. A very thick
substrate with a low dielectric can be used to get a better
performance of wider bandwidth, better radiation and
efficiency from this antenna at the expense of the size of the
antenna. Also the larger the size of the ground plane, the
better the performance of the patch antenna [2, 13].

2. Feeding Techniques

There are different feed techniques that have been
employed in patch antenna design in other to improve its
performance. This is because if the feeding method is bad,
the overall performance and efficiency of the antenna will be
low no matter how good the design is [5].
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These feed techniques can be broadly categorized as
contact and non- contact feed methods. They can also be
termed as direct and indirect feed method.

In the contact feed, direct connection exists between the
feed line and the radiating patch, e.g microstrip line and
coaxial feed. While in the non-contact method, the feed line
is electromagnetically coupled to the radiating patch e.g
proximity coupling and aperture coupling. The various feed
techniques are reported in [8].

microstrip
transmission —>
line

Microstrip
Antenna

substrate

Figure 1. Microstrip line feed showing edge feed and inset cut feed

Feed point should be located in such a way as to provide
good impedance matching. This is necessary to minimize the
return loss of the antenna [12].

3. Design and Methodology

The following equations are used to determine the
dimensions of a conventional rectangular patch antenna,
following the steps:

Determining the width of the patch: the width W is
calculated using [5, 9]

C 2

Wp = m er+1 (1)

Where, ¢ is the speed of light in free space = (3x10%m/s)

_ c

and FO - 2LeVer (2)

Le being the effective length of the patch and is given as
Le =L+ 2AL (3)

Next is to calculate the effective dielectric constant:
1 -1 12n71/2

eregr = T+ [ 1400 )

Where er is the dielectric constant of the substrate and
refy is the effective dielectric constant
Next is to calculate the effective length, which is given as

C
Leff - ZfO‘/ETeff (5)

Next step is to determine the extended length of the patch
due to the fringing field and it’s given as

ereff+0.3] [5 +0.264]

AL = 0.412h -

[ereff-0.258] [% +0.8]
The real length of the patch is given as:

To determine the ground plane dimensions length
(Lg) and width (Wg)

(6)

Lg =6h+ Lp (8)
Wg = 6h + Wp 9)

Feed point Location of an Inset Fed Rectangular Patch
(X01 Yo, Wr, I—f)-

There are different methods of feeding a patch antenna
like: probe feed, microstrip line feed, aperture coupled feed
and proximity coupling feed. But of all, microstrip line feed
and the coaxial probe feed are commonly used because of
their simplicity.

Microstrip inset feed method was used in this design for
proper input impedance matching [2] and the line parameters
were designed using a standard input impedance of 50Q.

Feed point location where input impedance is
approximately 50Q can be calculated using [3, 4].

wf = %{B —-1-In(2B-1) + 52’;1 [In(B —1) + 0.39 —
0.611)]} (10)
where,
_ 377m
B= 2Z,Ver’ (11)
Lf = 3.96wf, 12)
cos~ -2
y, = = Rin (13)
L
X ¢ 4.65Xx107° (14)

o~ \/Zsreff f
where ¢ = 3 x 108.

4. Feed Point Location

Theoretically impedance varies with its peak value at the
edges of the patch and reduces to 0Q at the centre of the
patch [12], So it is a bit difficult to locate a feed point with
50Q impedance on the patch.

Feed point location for edge fed patch, where input
impedance is approximately 50€Q is given as [7]

Wif =w/2 (15)
Lf=L/2 Ver (16)
Using equations 1-16, antenna dimensions were

calculated using matlab.

With these antenna dimensions, Fr4, Duroid, Foam and
Nectec were used as substrate for four different antenna
designs. Using HFSS as the design and simulation software,
the result obtained are as shown below.
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Figure 2. Rectangular Patch Antenna in HFSS Environment

5. Result and Analysis
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Figure 3. Gain plot and the radiation pattern of a patch antenna with Foam as Substrate

Figure 3, above shows that with foam as the substrate the gain of the antenna is 8.7dB and the has a wide beam
directional radiation pattern.
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Figure 4. Gain plot and radiation pattern for a patch antenna with Duroid as Substrate
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Figure 4 above shows that the antenna with duroid as substrate also has a high gain of 7db and highly directional.
Radiation Pattern 1

dB{GainTotal)

5. 5556 +EE0
- 6519e +E608
SES3e+8E0

4

3

2. 9287 e+888
2, 8528 +a80
1.1754%e+@80
2,9579e-0a1
-5, 77E84e-881
-1. 4545e+EB0E
-2, 3311 e+8060
-3, 2877 e+880
-4, BE44 e +B0E
-4, 9618 e +BBE
-5, G376 +000
-6, 7142 +880
-7, 5989 +8063
-G, 46 75e +EB0E

Figure 5.

db{GainTotal)

2. 2259e+028
. 1. 344Ee+EEE
4. 6323e-081

-4, 1812e-8@a1
-1. 2995e+8E0E8
-2, 1588 e+8E8E8
-3, B621e+BEE0
-3, 9435e+8EE8
=4, §245e+088
=5, 7A62e+0E8
-6, 587 5e+BEE
=7, 4659 +8E8
-8, 35682 e+0E0
-9, 2316e+8E80
-1.8115e+8@1
-1.89%%e+EEA1
-1.1876c+8@1

HFSSDesign1

Curve Info *
= rETotal

Setup’ : LastAdaptive
Freq="36Hz Phi=0deg’
—— rETotal

Setup1 : LastAdaptive
Freq=3GHz' Phi="10deg’
= rETolal

Setup1 : LastAdaptive
Freq="3GHZ Phi=20deq
— rETotal

Setup : LastAdaptive
Freq=3GHz Phi=30deg'
= rETolal

Setup1 : LastAdaptive
Freq="3GHZ Phi='40deq
—— rETotal

Setup : LastAdaptive
Freq=3GHz Phi=50deg"

= rETolal

Sefup1 : LastAdaptive

-180

Gain Plot and radiation pattenr for a Patch antenna with Neltec as Substrate
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Figure 6. Gain Plot and radiation pattern for a Patch antenna with FR4 as Substrate

From figure 6, we can see that the gain of this antenna
with FR4 as the substrate material is 2.2 dB, which is far
lower than the rest.

The table below shows the summary of all the results
obtained from the simulations

Table 1. Variation of antenna characteristics with different substrate
materials
FR4 NELTEC DUROID FOAM
4.4 3.48 2.2 1.05
Resonant
Freq (GH2) 3.13 2.97 2.98 2.99
Gain (dB) 2.2dB 5.5dB 7dB 8.7dB
VSWR 1.6 1.8 1.5 1.2
ReturnLoss | 475 11 129 198
indB

6. Conclusions

From the result shown in table 1 above, it can be seen that
foam with the least dielectric constant has the highest gain of

8.7dB and also lowest loss with a return loss of -19.8dB. This
low loss is also confirmed by the VSWR value of 1.2. It is
also evident that the gain of the antenna reduces as the value
of the dielectric constant increases, from 8.7dB for Foam to
2.2dB for FR4, when all other design parameters like the
frequency and the thickness are kept constant. This result
shows that the lower the dielectric constant the better is the
gain and the radiation efficiency. Also the result shows that
microstrip patch antenna exhibit a wide radiation pattern and
high directivity.
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