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Abstract: Adielectric superstrate is touching the patch antennas has remarkable effects on antenna parameters.
This paper experimentally studiesthesuperstrate thickness effectson the patch antennas parameters and
compared their performances with without dielectricsuperstrate.The coaxial probe fed of rectangular, circular
and square patch antennas were designed with 2.4 GHz and fabricated on Arlondiclad 880 substrate.The
superstrate materials is also used same specifications ofsubstrate material for designing of the patch antennas.
Itis found that there is a slight degradation in the performance of the antennas when the superstrate thickness is
touching the above the patch antennas. In particular, the resonant frequency will be shifted lower side, while
other parameters have slight variation in their values. In addition, it has also been observed that return loss and
VSWR increases, however bandwidth and gain decreases with the dielectric constant of the superstrate
thickness. This type of antennas were used for wireless, Wi-Fi and Blue-tooth applications

Index Terms: Rectangular patch antenna, circular patch antenna, square patch antenna, dielectric superstrate
(radome), resonate frequency, gain etc.

. Introduction

A microstrip antenna consists of a radiating patch on one side of a dielectric substrate, which has a
ground plane on the other side. The patch conductors are normally copper or gold, can assume virtually any
shape, but regular shapes are generally used to simplify analysis and performance prediction. Ideally, the
dielectric constant of the substrate should be low (€, < 2.5) to enhance the fringing fields that account for the
radiation [1-3].Microstrip antennas have been employed in the airborne and spacecraft system because of their
low profile and conformal nature. Many of these applications require a dielectric cover over the radiating
element to provide protection against heat, physical damage and other environmental hazards [2, 3, 6-22]. The
effect of the superstrate used on the patch antenna to provide protection from heat and environmental hazards
etc., results in change of important parameters like impedance, bandwidth (frequency range for SWR < 2), gain,
resonant frequency etc. This geometry of microstrip patch with dielectric superstrate can form part of a specific
high performance airborne system. In view of this, it becomes imperative to investigate the effect of superstrates
on the performance of the microstrip patch antennas.

Il.  Antenna Specifications And Selection Of Substrate Material

The dielectric constants, loss tangents and thicknesses of the dielectric materials used in the
investigations are given in Table 1 and Table 2. Dielectric substrate of appropriate thickness and loss tangent is
chosen for designing the rectangular, square and circular MPAs. A thicker substrate is mechanically strong with
improved impedance bandwidth and gain. However it also increases weight and surface wave losses. The
dielectric constant (€,.) plays an important role similar to that of the thickness of the substrate. A low value of
€, for the substrate will increase the fringing field of the patch and thus the radiated power. A high loss tangent
(tand) increases the dielectric loss and therefore reduces the antenna performance. The low dielectric constant
materials increase efficiency, bandwidth and radiation [1-3, 6].

Keeping these aspects in mind, the rectangular, square and circular MPAs are fabricated on
Arlondiclad 880 dielectric substrate, whose dielectric constant (€,,) is 2.2, loss tangent (tand) is 0.0009,
thickness (h,) is 1.6 mm and appropriate substrate dimensions.

Table 1: Specification of dielectric substrate(€, ;) material used in the design of patch antennas

Substrate material Dielectric constant (€,,) Losstangent  (T'and) Thlckne?;o)ftrr:]?nsubstrale
1)
Arlondiclad 880 22 0.0009 16
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Table 2: Specification of dielectric superstrate(€,,) materials used to study the effect of the superstrate

thickness on the performance of the patch antennas
Superstrate materials Dielectric congant (€,,) Losstangent (T and) Thickness of the superstrates (h,),mm
Arlondiclad 880 2.2 0.0009 16

I11.  Design Formulae
(A) Effective Dielectric Constant:
The effective dielectric constant has values in the range of 1 <€, <€,. For most applications where the
dielectric constant of the substrate is much greater than the unity (€,> 1), the value of €, will be closer to
the value of the actual dielectric constant €, of the substrate The expression for €, is given by [2]

€,+1 erl

€y = = [1+12 —] for  W/h>1 . 6

(B) Effective Length and Effective Width:
The dimensions of the patch along its length have been extended on each end by a distanceAL, which is a
function of the effective dielectric constant €,,r, and the width-to-height ratio [2]
(Erefs +03)( +0.264)
(€rer —0258) (+08) 2)
The effective length of the patch is now [2]
Lesp = L+ 2AL....(3)
For an efficient radiator, a practical width that leads to good radiation efficiencies is [2]

-t /_2 =B j 2
W= 2 Vuo€o Er+1  2f \/5r+1 - (4)

The actual length of the patch can now be determined L[2]
— 2AL ...(5)

— =0.412
h

B 2fr ‘/Ereff Vuo€o

(C) Circular Patch Radius and Effective Radius:
The dimension of the patch is treated a circular loop, the actual radius of the circular patch antenna is given by

(2]

F

a= ... (6)
{1+ [ln( 1. 7726]}
_ 8.791x10°
Where F= Ve

Equation (1) does not take into considerations the fringing effect. Since fringing makes the patch electrically
larger, the effective radius of patch is used and is given by [2]

a, _a{1+—[z (= )+17726]} A7)

Hence, the resonant frequency for the dominant TMZ,, is given by [2]
1.8412v,

(fr)no =3 Y - (8)
Where v, is the velocity of light

IV.  Design Of Patch Antennas And Thier Geometry

The rectangular, square and circular microstrip patch antennas are designed at the center frequency of
2.4 GHz on Arlondiclad 880 substrate (€,,=2.2, h;=1.6 mm), using expressions available in the standard
literature [2-21] and given by equations (4), (5) and (6). The designed dimensions of rectangular, square and
circular patch antennas are given in Table 3 and Table 4 respectively. The patch antennas are fed with coaxial
probe feed at a point where the input impedance of the patch is 50 Q. The location co-ordinates (Fy, Fy) are
found by simulation. The geometries of the rectangular, square andcircular patch antennas are shown in Fig.1
and Fig.2. In the geometry shown, W, = Substrate width, L,= Substrate length, W, = Patch width, L, = Patch
length, a =Patch radius, D Dlameterofcwcular patch and(F,,E, ) are the co-ordinates of the feed point.
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Fig. 1(a) Geometry of rectangularmicrostrip patch antennaand (b) Geometry of circular microstrip patch
antenna (Top view)
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Fig. 2 Geometry ofsquare microstrip patch antenna (Top view)

Table 3: TheDimensions of the Rectangular and Square Patch Microstrip Antennain mm

Type of Patch f- €, hy W, Ly w, L, Fy, Fy

Rectangular patch 2.4 GHz 22 16 100 100 49.40 40.30 1050
antenna

Square patch antenna 24GHz 22 16 100 100 33.60 33.60 10.0,0

Table 4: The Dimensions of the Circular Microstrip Patch Antennain mm.
fr €1 h1 VVS LS D Fx, FY
24 GHz 22 160 100 100 47.10 550

V. Dielectric Superstrateeffects
When microstrip antennas are covered with protective dielectric superstrate, the antenna resonant
frequency, bandwidth, gain and other parameters are altered, resulting in detuning, which may seriously degrade
the system performance. As the bandwidth of microstrip antennas is inherently low, it is important to determine
the effect of the dielectric layer on the resonant frequency and other parameters of patch antennas in order to
introduce appropriate corrections in the design of antenna. The change in the resonant frequency by placing the
dielectric superstrate can be calculated using the following the expression [1-3].

Vh _ Ve~V
b= (9)

If e,=€,,+ Ve, andVe, < 0.1 €,,,
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b1y e, (10)
£ 21+1/2A€e/€eO

Where,

€, = Effective dielectric constant with dielectric superstrate

€ e,=Effective dielectric constant without dielectric superstrate
A€, = Change in dielectric constant due to dielectric superstrate
Af. =Fractional change in resonance frequency

f. =Resonce frequency

VI.  Experimental Results
The performance of the antenna is evaluated without dielectric superstrate using commercial
electromagnetic software such as High Frequency Structure Simulator (HFSS). Then the change in performance
of the antenna is studied with dielectric superstrate thickness as mentioned in Table 2. The measurements were

carried out by using

e Network Analyzer (HP E5071C) to measure the return-loss (VSWR), Center frequency and Bandwidth and

e Anechoic chamber to measure the radiation characteristics. The antenna under test (patch antenna with and
without dielectric superstrate) is used as receiving antenna and the transmitting antenna is a pyramidal horn
antenna (1-50 GHz). The radiation pattern measurements were carried out at 2.43GHz. The photograph of
fabricated rectangular and circular microstrip patch antennas without superstrates are shown in Figs 3 to 4
and with superstrate for measurement of return loss setup is shown in Fig.5

Fig. 3 Measurement set up for fabricated rectangular microstrip patch antenna without dielectric superstrate for
measurement of return loss (Free space radiation conditions).

TTITTEn

Fig.4 Measurement set up for fabricated circu lar patch antenna without dielectric superstrate for measurement of
return loss (Free space radiation conditions).
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Fig.5 Measurement set up for fabricated microstrip patch antenna with dielectric superstratefor measurement of
return loss

A. Rectangular, Square and Circular MPA under Free Space Radiation Conditions (Without
Superstrate)

The experimental measured results of VSWR, radiation patterns for the rectangular patch antenna
under free space radiation conditions i.e., withoutsuperstrate are shown in Figs.6, 7, 8 and 9 given below.

The resonant frequency is 2.40 GHz, same as the design frequency, the experimental measured results
of rectangular patch antenna bandwidth is 0.02 GHz (VSWR < 2), and gain is 7.3dB. For circular patch antenna
bandwidth is 0.030 GHz (VSWR< 2) and gain is 6.7dB, whereas square patch antenna bandwidth is 0.046 GHz
(VSWR < 2) and gain is 4.8dB. Radiation pattern simulation and measurements are carried out at the center
frequency for the case under consideration. The center frequency is found from return-loss measurements. For
free space radiation condition i.e., without superstrate the center frequency is occurring at 2.40 GHz and hence,
the radiation pattern measurements are carried out at this frequency i.e. at 2.40 GHz.
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(c) Circular patch antenna (0.2mm)
Fig 5: Comparison of experimentally measured VSW R plot of (a) rectangular (b) circular and (c) square
microstrip patch antenna fore,; = 2.2without dielectric superstrates (Free space radiation conditions) at 2.4GHz.

B. Effect of the Superstrate on the Performance Characteristics of Rectangular, Square and Circular
Microstrip Patch Antenna

The effect of the superstrates with different thicknesses as mentioned in Tables 6 to 14
isexperimentally investigated on the performance characteristics of rectangular, circular and square microstrip
patch antenna, the measurements have been carried out for typical cases. The results are discussed below.
Superstrate with €,,= 2.2 and h, =0.2 mm.

The effect of the superstrate having €,,= 2.2, h, =0.2 mm on the performance characteristics of the
rectangular, circular and square patch is evaluated experimentally which are given in Table 6, from the results it
can be observed that the resonant frequency, gain and bandwidth will deteriorate when the superstrate is
touching the patch antenna. The measurements are carried out for with and without superstrate. The measured
results are shown in Figs6 to 8. The VSWR plot as a function of frequency is shown in Figé. The impedance and
the radiation patterns plots are shown in Figs 7 and 8. The radiation patterns are measured at the resonant
frequency for the case under consideration. For the rectangular patch antennathe measured resonant frequency is
decreased to 2.38 GHz, thebandwidth is decreased to 0.024 GHz and gain is decreased to 4.29dB. For square
patch antennathe measured resonant frequency is decreased to 2.41 GHz, the bandwidth is decreased to 0.012
GHz and gain is decreased to 3.92dB. For circular patch antenna the measured resonant frequency is same as
designed frequency, the bandwidth is increased to 0.267GHz and gain is decreased to 1.42dB.

As compared to free space radiation conditions i.e without superstrate, for rectangular patch antenna,
the resonant frequency (f.) is 0.013 GHz (0.541% less), bandwidth is 0.003 GHz (19.5% less) and gain is
3.01dB (41.23% less). For square patch antenna, the resonant frequency (f.) is same as designed frequency,
bandwidth is 0.221 GHz (22.1% more) and gain is 3.38 dB (70.41% less). For circular patch antenna, the
resonant frequency (f.) is 0.01 GHz (0.833% more), bandwidth is 0.018 GHz (2.17 % less) and gain is 2.78dB
(60% less).
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Fig 6: Comparison of experimental measured VSWR plot of (a) rectangular (b) Square and
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GHz.
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Fig 7: Experimental measured results of impedance plot for (a) Rectangular patch (b) Square patch and (c)
Circular patch for 0.2mm thickness for superstrate dielectric constant (€,,= 2.2)at 2.4 GHz
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Fig 8: Experimental measured results of VSWR for (a) Rectangular (b) Squareand (c) Circular patch antennas
for 0.2mm thickness for superstrate dielectric constant (€,,= 2.2)in HP at 2.4GHz.

Table 5: Comparison of experimental result for Table 6: Comparison of experimental measured
rectangular, circular and square microstrip patch results for rectangular, circular and squaremicrostrip
antennas without dielectric superstratee,;=2.2 (Free patch antennas with dielectricsuperstrate thickness
space radiation conditions) 0.2mm(€e,,= 2.2)
patch patch patch patch patch patch
Zntenna Zntenna Zntenna antanna antsnna antenna
Resonant fraquency (f] 240 240 240 Af /T (GHs) 2387 241 240
GainfdB) 73 67 43 GainfdB) 429 302 142
EF{GHs} 00201 [ 030 [ EWiGHz) 0024 1.012 0267
12 | HrEmiEE) Dex BB 36 98.77 108.1 0Imm " rrEwEE Der 9094 3426 051§
HPEW{VP).Deg 2020 20.01 1054 HPEW(VF) Dep 7071 1747 2020
Impedance {5t 35.78- 3575+2 | 3624- Tmpedance ) 423540- 34427- | 25387-
ji0.352 3953 89070 j25.131 j11039 | j16.630
Rerurn-lass{dB} -13.63 -1555 -10.08 Rerurn-lossdB} -11.56{ -12 857 -B 284
FSFR 1998 2034 14464 FSFR 1.742 1567 2253
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Table 7: Comparison of experimental measured
results for rectangular, circular and square microstrip
patch antennas with superstrate thickness 0.5mm

Table 11: Comparison of experimental measured
results for rectangular, circular and
squaremicrostrippatch antennas with dielectric

(€,,=2.2) superstrate thickness 1.5mm (g, ,= 2.2)
Characteristics Bsctanznlar Circular Bquars Charactaristics Bactansnlar Circnlar Squars
patch antsnna patch antenna | patch patch antsmmna patch patch
Zntenna antemna antsnna
AfTT (GHE] 240 2419 240 AL (GHz] 2380 2419 240
GainfdE) 307 401 093 Gain(aB) £99 521 403
X EW/GHz) 00033 00313 0015 ) BWGH:) 0.0054 00121 0.0024
03mm PR WHE) Dez | 5080 85.70 2015 L3me R EE) D | 8020 900 BE40
HFEW[TE|Deg | 7321 7302 T4 RE HFBW{TF.Deg | 8220 76.80 BE40
Fmpedance () | 214622+72038 | 27.784- 33 833- Impedance {3 | 2609933584 | 2124843 | 36.166-
7 173003 J17.566 7056 j15202
Retwrn-lossidB) | -8 0884 -10.423 -12.142 Retrn-lossjgB) | 8203 1673 -10991
TSWR 2077 1544 1656 PSR 3076 2497 1784

Table 8: Comparison of experimental measured
results for rectangular, circular and squaremicrostrip
patch antennas with dielectric superstrate thickness
0.8mm (€,,=2.2)

0.Bmm

Characteristics Ractanznlar Circnlar Squars patch
patch antsnna patch amtsmna

anisnna

AFTF (GHz) 236 241 238

Gain{dB) 385 344 143

BW(GHz) 0039 0012 0.158

HPEWHP) D=z | 84.77 8432 9541

HEEW(WEDez | 7688 7599 17356

Impadanca (&) 47950432.1046 21280 3146819960
j12.948

Batum-lozs{dB) | -10.518 2256 -10.054

VEWR 1872 5581 1914

Table 9: Comparison of experimental measured
results for rectangular, circular and squaremicrostrip

patch antennas with dielectric superstrate thickness at

1.0mm(g,,= 2.2)

1 0mm

Charactaristics Ractznznlar Circular Squars patch
patch antsnna patch amtemna
antanna
Af S f (GHS] 2380 1419 2369
Gain|dB) 575 588 428
BW{GHz) 0.054 0.012 0.158
HFBW{HF}Deg B840 BB33 BE27
HPEW{VP} Deg 7763 7349 7820
Impedance (5] 31542411772 | 24.633- 53759
2850 43307
Return-iossjdB} -11214 211 -10233
VSR 1.758 24021 2206

Table 10: Comparison of experimental measured
results for rectangular, circular and square
microstrippatch antennas with dielectric superstrate

thickness at 1.3mm(€,,= 2.2)

Cheracteristics Rectzngnlar Circular Square  patch

patch antennza patch antanna
antsnna

AL/f(GHz) 2380 1419 187

Gain(dB) 6.12 519 183

EW(GHz) 00054 0.003 00158

HPSW/HEDep | 84469 200 10533

HFBW(VF)Deg | 6791 7684 7872

Impedance (3 24370- 2198241 20987410842
J785 B5mix 3726

Return-lgss(dB} | 8785 -10.75 -12.046

PSR 1892 2335 1670

Table 12: Comparison of experimentalmeasured
results for rectangular, circular and
squaremicrostrippatch antennas with dielectric
superstrate thickness at 2.2mm(€,,= 2.2)

Charactaristics Ractansznlar Cironlar Squars
patch antemna | patch patch
antenna antsnna
AT (GHE] 2117 2384 1173
Gain{dB) 330 287 343
2 9mm BWGHz) 00023 00033 00034
== HFEW{HF) Deg 2150 B2.04 9855
HPEW|TF) Dep 7180 7451 8107
Impedance (T3 2§.098- 21124843 36.1466-
j33584 7056 j15292
Return-ioss{dB) 2203 -14673 -10991
PSR 3076 1497 1.786

Table 13: Comparison of experimental measured
results for rectangular, circular and squaremicrostrip
patch antennas with dielectric Superstrate thickness at
2.4mm(€,,= 2.2)

Characteristics Ractamznlar Cironlar Squars patch
patch antemna | patch antsnnza
antanna
Afff (GHs} 2.136 21304 2123
Gain{dB} 331 2187 343
2 4o BWGHz} 0.021 0.033 0021
- HPEWHP) Deg 2150 B9.046 9855
HPBWTP) Deg 71.80 7451 1820
Impedance (B 24.009- 21124843 36.166-
33584 1056 jl5292
Return-loss|dBj 9205 -1.673 -10991
FSWR 3078 2497 1786

Table 14: Comparison of experimental measured
results for rectangular, circular and squaremicrostrip
patch antennas with dielectric Superstrate thickness at
3.2mm(e,,= 2.2)

Characteristics Ractensnl | Cinonlar Squars patch
ar patch patch
AL/ f (GHz) 2174 21394 2145
Gain{dB} 447 329 047
BW{GHz) 00031 0.0033 0.0023
32mm HFEW[HFDeg 2150 2278 10223
HFEEW[VF) Deg 71.80 7934 836l
Ewpedance (L3} 26.099- 21248+ | 36.166-
j33584 3.7056 j15292
Return-loss(dB} 22035 -7.673 -10.991
TSR 3076 21427 1.786

VI. Results And Discussion

It is found there is degradation in the performance of the antenna when the superstrate is touching the
patch antenna. As compared to the with the free space radiation conditions (without superstrate),the
experimental results show that for rectangular patch antenna the measured resonant frequency is decreased to
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2.387 GHz, thebandwidth is decreased to 0.024 GHz and gain is decreased to 4.29dB. For square patch
antennathe measured resonant frequency is same as designed frequency, the bandwidth is increased to 0.267
GHz and gain is decreased to 1.42 dB. For circular patch antenna the measured resonant frequency is 2.41 GHz,
the bandwidth is decreased to 0.012 GHz and gain is decreased to 3.92 dB.The return-loss and VSWR increases
as superstrate dielectric constant thickness increases. Measurements have been carried out for the above
mentioned superstrate using dielectric constant €,,= 2.2 and h, =0.2 mm. The VSWR as a function of
frequency and radiation patterns at center frequency are shown for superstratee,,= 2.2 andh, =0.2 mm is
shown in Figs 6 to 8.The optimum gain is obtained at 1.0mm which is 5.75dB for rectangular patch antenna,
5.88dB for circular patch antenna and 4.28dB for square patch antenna. The overall typical results for the
rectangular, circular and square patch antennas are given in Tables 6to 14.

VII.  Conclusion

The effect of dielectric superstrate thickness effects on the behavior of rectangular, circular and square
patch of microstrip antennas reveals that the superstrate thickness affects not only the resonance frequency but
also effects on other parameters such as gain, bandwidth, beam width, VSWR and return-loss. In particular, the
resonance frequency is shifted to lower side. The obtained results indicate that return loss and VSWR increases,
BW decreases with the different dielectric constant of the superstrates. The value of impedance, return loss and
VSWR are minimum, whereas BW is maximum for superstrate having dielectric constant(€,,) is 2.2, h, =2.4
mm.

As compared to free space radiation conditions i.e without superstrate, for rectangular patch antenna,
the resonant frequency (f.) is 0.013 GHz (0.541 % less), bandwidth is 0.003 GHz (19.5 % less) and gain is 3.01
dB (41.23 % less). For square patch antenna, the resonant frequency (f.) is same as designed frequency,
bandwidth is 0.221 GHz (22.1 % more) and gain is 3.38 dB (70.41 % less). For circular patch antenna, the
resonant frequency (f.) is 0.01 GHz (0.833% more), bandwidth is 0.018 GHz (2.17 % less) and gain is 2.78 dB
(60 % less).
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