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Design and Simulation of Microstrip Patch
Antenna Using Different Substrates
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Abstract— Microstrip Patch Antennae play a unique role in
dissemination of wireless services. These have unmatched
advantages over other modes viz. compact size, ease of
fabrication, versatility and impressive performance
characteristics. In this paper, a rectangular microstrip patch
antenna has been designed and simulated using Sonnet®
Software utilizing Silicon, Rogers TMM6, FR4 and GaAs as the
dielectric substrates, fed through coaxial probe. The Sonnet
Software is based upon the Method of Moments principle and
gives excellent simulations which are consistent with actual
fabrications. Important characteristics of microstrip patch
antennae like return loss, VSWR and gain plots are obtained.
The simulated antennae are designed to operate at 1.9 GHz
frequency which is used for mobile communications.

Index Terms— Coaxial probe, Method of Moments,
Microstrip Patch Antenna, Sonnet Software.

I. INTRODUCTION

With rapid strides in satellite and wireless communications,
there has been a great demand for affordable, minimal weight,
compact, low profile antennae that are versatile, providing
high performance over a large spectrum of frequencies. Over
the years microstrip patch antenna have stood the test of time
with rapid development in antenna design to realize
Monolithic Microwave Integrated Circuits (MMICs) for
microwave, radar and communication purposes. These
antennae form an integral part of portable devices like cellular
phones, tablets, laptops and gaming consoles etc. Microstrip
patch antennas are easy to manufacture because of their
simple spatial design and ease in printing the circuits on
substrates using inexpensive lithographic techniques [1].

This paper presents a rectangular microstrip patch antenna
primarily designed for use in cell phones. Mobile
communications generally use the frequency range of 1.9
GHz to transmit data and information. Many GSM phones
support three bands (900, 1800/1900 MHz) and are usually
referred to as triband or world phones; with such a phone can
travel internationally and use the same handset. Therefore the
antenna has been designed to achieve resonance at 1.9 GHz
(approximately) and the results for essential parameters like
return loss, gain, VSWR are simulated using Sonnet Software.

The very easily available silicon has been used as the
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dielectric substrate. Also the ethicacy of the same design has
been demonstrated using three more different substrates
Rogers TMM6, FR4 and GaAs. Comparison of the results of
the simulation obtained for all the four substrates is done. The
comparision of the return loss give important outcomes.

II. DESIGNING THE ANTENNA

A microstrip patch antenna with a rectangular patch has
been designed suitable for operation in a single frequency
band, in this case 1.9 GHz. Three important parameters have
been kept in mind while designing the antenna [2] which are:
1) Frequency of operation (f,): This is the resonant frequency

selected according to the application. In the current
simulation we have selected this frequency equal to 1.9
GHz which is used for mobile communication.

2) Dielectric Constant of the Substrate (¢,): The dielectric
loading of the microstrip antenna affects both its radiation
pattern and impedance bandwidth. As the dielectric
constant of the substrate increases, the antenna bandwidth
decreases which increases the Q-factor of the antenna
decreasing the impedance bandwidth. A high dielectric
constant reduces the dimensions of the antenna which
helps in achieving compactness. Four different substrates
viz. silicon, FR4, Rogers TMM6 and GaAs have been
used in designing antenna to demonstrate the effects of the
dielectric constant upon the functioning of the antenna.

3) Height of the dielectric substrate (/4): A very important
aspect of an antenna is the height of the substrate. This has
to be kept at the minimum as our antenna has to be used in
cell phones. This is a key parameter as it affects the spatial
geometry, which depends upon the ratio w/h where ‘h’ is
the height of the substrate and ‘w’ is its width. For a proper
comparison of return loss and gain, the height of all
substrates has been taken as 1.5 mm.

III. FORMULATION

1) For the designing of the antenna, the width (w) is calculated

by
c
'H..' =
ag | BT 1
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(1
where,
¢ is the speed of light
/.= resonant frequency
&= dielectric constant of the substrate
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2) The effective dielectric constant (e.) is an important
parameter which arises because part of the fields from the
microstrip conductor, exist in air. It is calculated as

1

e+l &5 -1 h172
Eeff == 5 Tt [1 +12;]
2
where,
h is the height of the dielectric substrate.
3) The effective length (L) of the antenna is given as
_ c
Loj= T
A3)
4) The length extension (4L) is calculated by the equation
(o +03) (5 + 0.264)
AL = 0.412h "
(o7 —0.258) (3 + 0.8)
“4)
5) Calculation of the actual length of the patch (L):
L= I‘E‘_,l'-_,l'- — 2AL
®)

6) Calculation of the ground plane L, and W,: Usually the size
of the ground plane is greater than the patch dimension by
approximately six times the substrate thickness all

around the periphery.
Hence,
L, =6h +1L
(6)
and
W, =6h +W
(7

7) Determination of the feed point location: In this paper the
antenna is designed using coaxial probe type feed. The
inner conductor of the coaxial connector extends through
the dielectric and is soldered to the radiating patch while
the outer conductor is connected to the ground plane [3],

[4].

The feed point location is selected where the input
impedance is 50 ohms for the resonant frequency. Hence,
a hit and trial method is used for the location of feed point
and that feed point is selected where the return loss is
minimum.

IV. SUBSTRATES

In this paper the same microstrip patch antenna has been
designed using four different substrates [5] and the results are
compared.
1) Silicon:
Silicon wafers are an essential product for the
semiconductor industry. It acts as a substrate for
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microelectronic devices. Silicon wafers range from less
than 50 mm to 450 mm, and have a thickness that goes up
to 100 micrometers with each inch of diameter. Its
dielectric constant is 11.9. A substrate with high
dielectric constant reduces the dimensions of antenna.

2)FR4:
This is a grade designation assigned to glass reinforced
epoxy laminate sheets, tubes, rods and printed circuit
boards (PCB). With dielectric constant equal to 4.4, FR4
is a composite material composed of woven fiberglass
cloth with an epoxy resin binder that is flame resistant
(self extinguishing). FR4 glass epoxy is a popular and
versatile high pressure thermoset plastic laminate grade
with good strength to weight ratios. With near zero water
absorption, FR4 is most commonly used as an electrical
insulator possessing considerable mechanical strength.

3) Rogers TMMG6 :
TMM thermoset microwave materials are ceramic,
hydrocarbon, thermoset polymer composite designed for
high plated-thru-hole reliability stripline and microstrip
applications. TMM laminates are available in a wide
range of dielectric constants and claddings. The electrical
and mechanical properties of TMM laminates combine
many of the benefits of both ceramic and traditional
PTFE microwave circuit laminates without requiring the
specialized production techniques common to these
materials. We have used TMMG6 with dielectric constant
equal to 6.

4) GaAs:
Gallium Arsenide which is a direct bandgap
semiconductor with a zinc blende crystal structure is used
in the manufacture of devices such as microwave
frequency integrated circuits, monolithic microwave
integrated circuits, infrared light emitting diodes, laser
diodes, solar cells and optical windows. GaAs devices
are relatively insensitive to heat owing to their wider
band gap. Also, these devices tend to have less noise than
silicon devices, esp. at high frequencies. This is a result
of higher carrier mobilities and lower resistive device
parasitic. These properties recommend GaAs (e=12.9)
circuitry in mobile phones, satellite communications,
microwave point to point links and higher frequency
radar systems. It is used in the manufacture of Gunn
diodes for generation of microwaves.
The properties of the dielectric substrates used for
microstrip characteristics are shown in the Table 1.

Table 1
Material | Dielectric Loss Thermal
Constant tangent Conductivity
g tan 6 K

Wiem/’C
Silicon 11.9 0.04 0.9
FR4 4.4 0.02 0.005
Rogers 6 0.0023 0.72
TMM6
GaAs 12.9 0.06
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The calculations yield the dimensions for designing the patch
antenna which are given in Table 2.
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Table 2 k- i
LocalOngn Q

Material Width of | Effective Length of the

the patch | dielectric patch (L)

W) constant () e B——
Silicon 31 mm 10.786 23 mm
FR4 48 mm 4.15 37 mm
Rogers 42 mm 5.6 32 mm
TMM6
GaAs 30 mm 11.654 22 mm

Fig. 2 Three Dimensional view of the Microstrip Patch Antenna
(Silicon)

V. SIMULATION

The designing and simulation is done through the software
Sonnet 13.56 [6]. This is a full wave simulator which works
on the Method of Moments. It has been widely used in the
design of MICs, filters, power dividers, antennas etc. It plots
the S, Y, Z parameters, VSWR, Z;,, current density and gain
of antennas.

Fig. 1 & 2 shows the microstrip patch antenna using silicon
as the dielectric substrate drawn using Sonnet Software. Fig. 2
shows its three dimensional view. Fig. 3 shows the same using
Rogers TMMG6 as the substrate. Similarly antenna is drawn
using FR4 and GaAs as the substrate material. IR

BER) Fig. 3 Microstrip Patch Antenna (Rogers TMMG6) simulated through
j;o Sonnet Software
s
2 VI. RESULTS AND DISCUSSIONS
For each of the substrate, the simulation which gives the
minimum return loss (i.e. most negative) at the resonant
frequency is selected. This has been shown in the Fig. 4 which
e depicts the return loss of patch antenna using Silicon as the
== | substrate with different positions of the feed point. At the
T — resonant frequency i.e. 1.9 GHz, many feed point locations
7 e REIMPEE = won L5 were possible (shown in Table 3) but only the position (22,20)
of the feed point gave the minimum return loss, hence it was
Fig. 1 Microstrip Patch Antenna (Silicon) simulated through Sonnet selected for the analysis.
Software
Table 3
S.No. Feed Position (x,y) Return Loss-S11 (dB)
1. (19,20) 4636
2. (20,20) -8.77
3 (21,20) 1431
4. (22,20 -38.91
3 (23,20) 19.93
6. (24,20) 15.1
3873
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Fig. 4 Return Loss of the patch antenna (Silicon) with different feed
point locations

Similarly, the return loss is minimum at (30,25) for Rogers
TMMB6, at (35,28.5) for FR4 and at (21.5,19.5) for GaAs.
Return Loss (S;;) for Rogers patch antenna is shown in the
Fig. 5. For all the substrates Voltage Standing Wave Ratio
(VSWR) has also been calculated as shown in the Fig. 6 for
Rogers Patch Antenna.
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Fig. 5 Return Loss of Patch Antenna with Rogers TMM6
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The current densities of all patch antennas have been
simulated through Sonnet. One of them at the resonant
frequency has been shown in the Fig. 7.
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Fig. 7 Current Density of Silicon Patch Antenna at resonant frequency
(1.845 GHz).

Since the microstrip patch antenna radiates normal to its
patch surface, the elevation pattern for ¢=0 and ¢=90" would
be important. Fig. 8 shows the gain of the antenna at 1.845
GHz for =0 and ¢=90" in Sonnet for Silicon Patch Antenna.
The important parameters calculated and simulated such as
return loss, VSWR, gain and directivity has been tabulated
below in Table 4.
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‘o ‘ : Table 4
y Parameters Silicon | Rogers FR4 GaAs
» TMM6
Resonant Frequency (GHz) | 1.845 1.865 1.88 1.85
Return Loss Sy (dB) -30.91 -45.62 -14.71 -29.05
. VSWR 1.059 1.154 1.456 1.28
Fig. 6 VSWR of the Patch Antenna (Rogers TMM6)
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The return loss of the patch antennae using four different
substrates has been shown in the Fig. 9. We see that the
minimum in these is obtained by using Rogers TMMG6 as the
substrate.
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Fig. 9. Comparision of the return loss of different substrates

VII. CONCLUSION

Microstrip  rectangular patch antenna for mobile
application has been proposed in this paper. These antennas
are one of the most preferred structures due to their low
profile and ease of fabrication. They can be directly printed
onto the circuit board. This paper presents the simulation
based results using Sonnet Software which in itself is very
reliable and there won’t be large discrepancies between the
simulated and measured results. Numerous simulations have
been performed to confirm the results.

The compact patch antenna is basically designed for the
cellular phones using silicon as the substrate. Keeping the
same thickness, the dielectric substrate is changed and four
different dielectrics are compared on the basis of return loss at
our concerned resonant frequency i.e. 1.9 GHz (approx.). All
the four substrates Si, GaAs, FR4 and RTMMG6 have been
studied and it has been found that at the same resonant
frequency 1.9 GHz, the return loss is minimum for the
substrate RTMM6. Although best VSWR is obtained in case
of Silicon Patch Antenna.
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