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ABSTRACT

This paper presents the variation of some selected parameters of a co-axial probe fed rectangular microstrip
antenna as a function of Radome thickness and dielectric constant. Better range of radome thickness at
2300MHz in S-Band is found to be 0.1-0.6 mm with superstrate dielectric constant of 2.2. To give a maximum
VSWR of 3:1. The better range of superstrate (a) Dielectric constant is up to 5 at 0.1mm thickness. (b)
Dielectric constant is up to 3 at 0.2-0.3mm thickness (c) Dielectric constant is up to 2 at 0.3-0.6mm thickness at
a maximum VSWR of 3:1. Some characteristics of co-axial fed rectangular microstrip antenna as a function of
dielectric constant and thickness of a radome have been evaluated using computer simulation using IE3D
software from Zeland. The antenna characteristics are investigated includes frequency shift, VSWR variation,
gain, beam widths in E &H- Planes respectively.
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l. INTRODUCTION

Microstrip antenna consists of radiating patch on the one side of the substrate having the ground plane on the
other side. The major advantages are light weight, low profile, conformal, easy to fabricate. The antenna is
suitable for high speed vehicles, air craft’s, space crafts and missiles because of low profile and conformal
nature [2].But antenna should be with stand various environmental conditions. So Radome (super-strate) is used
on a microstrip antenna as a cover to protect antenna from external environmental conditions like temperature,
pressure etc. The Radome is supposed to be transparent to microwave radiation. At the operating frequency,
ideally there will not be any change in antenna characteristics, but practically because of material properties
there will be change in antenna characteristics [3-14]. Co-axial probe fed rectangular microstrip antenna
characteristics have been investigated by computer simulation using IE3D software [1]. The variation of some
selected antenna characteristics has been studied as a function of radome dielectric constant and it’s thickness.
Rectangular microstrip patch antenna with dielectric cover (Radome) is shown in Fig.2.

I1.  ANTENNA SPECIFICATION AND COMPUTER SIMULATION
The geometry of a probe fed rectangular microstrip antenna is shown in Fig 1. The antenna under investigation
is a patch of width 48mm and length 41mm on a substrate of thickness1.5875mm, dielectric constant 2.33,
tand=0.00012and feed radius of 0.65mm.The corresponding resonant frequency is 2300 MHz. The antenna fed
location is (-7,0) is shown in Fig 1. The ground plane dimensions are assumed as infinite for simplicity of
calculations. The patch and ground plane are perfectly conducting. Antenna geometry, material properties and
boundary conditions are considered and simulated using IE3D. Initially antenna is simulated without radome.
We found that the antenna VSWR at resonant frequency is 1.089, band width is 75MHz, gain is 6.77dBi, beam
width in E-Plane is 99° and beam width in H-Plane is 77.5° respectively. The antenna VSWR and resonant
frequency, radiation parameters are found as a function of radome dielectric constant and its thickness. The
variation of antenna parameters is studied for the following two cases:

i Effect of varying the thickness of superstrate from 0.1mm to 10mm at ,=2.2

ii. Effect of varying e from 1 to 10 for different variation of thickness (d)from (0.1 to 0.8 mm)
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Figl. Geometry of rectangular patch (Top view)

Microstrip aAntenno
\ Conductor

——————

Diclectric
Loyer

e

L Ground Plane
Dielectric Substrote
Fig2. Rectangular patch with dielectric cover (Radome)

1. CAD FORMULA DESIGN FOR RESONANT FREQUENCY
CAD formula for the resonant frequency of rectangular patch antenna with dielectric cover

1. Width of Antenna:

1 2
The approximate width (W) of antenna = @
2 fru0s0 Ver +1

Where 14, &, : free space permeability and permittivity respectively.

2. Length of Patch:
The actual Length of the patch (L) can be determined from following equation.

L= ! —2AL (2)
2 fry/ereff / 100

3. Incremental Length of Antenna:
The extended incremental length ( AL ) is due to fringing field at edge, it can be determined by following
equation.
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(ereff +0.3)(Y- +0.264)
AL =0.412h h W ©)
(ereff ~0.258)( +08)

(r+]) (-, 125
The effective dielectric constant ( ereff) :72 + (1+W) 4
()
h

4. Resonant input resistance and Feed point selection
Radiation of patch is done from the two slots separated by length L. The total admittance at slotl (input
admittance) is obtained by transferring the admittance of slot2 from output terminals to input terminals using the
admittance transformation lines. The transformed admittance of slot2 becomes

Y2=G2+jB2=G1-jB1 (5)
From above
G2 = Gl
B2 = -B1
Therefore the total resonant input admittance is real and given by
Yin=Y1+Y2 = 2G1 (6)
. 1 . 1
Zln = = Rln :—(7)
Yin 2G1
The conductance (G1) at slots is calculated as following equation.
2Prad
Gl=

vof
. kOW
[\/O|2 = SIn(———co0so)
Prad = 2
27107 cosd
From the above equations the approximate equations for conductance as follows.

i(ﬂj W (A0
90\ A0

8
)2 sin® ado

G, = 1 (W ©)
—| — W) A0
120\ 20
The input resonant input resistance (Rin) with considering the mutual conductance (G12) is modified as follows.
Rr =Rin = )

S — 0
2(G1+G12)

5. Superstrate (Radome) Effects
A microstrip patch antenna may be subjected to superstrate material and the performance. In particularly, the
resonant frequency is lowered, causing tuning problems and severely degrading performance, which may be
serious, as the band width of these antennas is inherently low. Patch antenna with radome (cover) is shown in
Fig.3.
If €e = €e0+ Ageand Age<0.1 &eo

Afr 1 Aee/e0)
fr 9.1
(1+EAee/ £e0)
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Fig 3 Microstrip antenna with dielectric cover

Bandwidth is 106.85, 110.24 degrees and antenna efficiency 42.77%. It is observed that there is shift in center
frequency as radome thickness increases. The center frequency comes down from 2290 MHz to 2210 MHz the
variation of VSWR with different radome thicknesses at 2300MHz. As radome thickness increases, VSWR
increases. The variation of gain at different radome thicknesses. As radome thickness increases, the gain
decreases from 6.65dBi to 1.03dBi , the beam width in E plane decreases from 99° to 82° and Beam width in H
plane with variation of radome thickness almost constant which is around 77.5%espectively. The change in
resonant frequency, VSWR variation, Gain variation, Beam width variation for different dielectric constant
varies at various thicknesses. From these figures, we observed that for a small change in dielectric constant in
therange 1-10, there is abrupt change in Resonant frequency, VSWR, Gain, and E plane Beam width. The H-
plane beam width remains constant.

1. RESULTS AND DISCUSSION

It is observed that there is shift in center frequency as radome thickness increases. The center frequency comes
down from 2290 MHz to 2210 MHz shown in Fig 4. Fig.5 shows variation of VSWR with different radome
thicknesses at 2300MHz. As radome thickness increases, VSWR increases. Fig 6 shows thevariation of gain at
different radome thicknesses. As radome thickness increases, the gain decreases from 6.65dBi to 1.03dBi Fig.7
and Fig. 8 shows that beam width in E plane decreases from 99° to 82° and Beam width in H plane with
variation of radome thickness almost constant which is around 77.5° respectively. The change in resonant
frequency, VSWR variation, gain variation, beam width variation for different dielectric constant vary at various
thickness in shown in Fig. 4 to Fig 13 respectively. From these figures, we observed that for a small change in
dielectric constant in the range 1-10, there is abrupt change in Resonant frequency, VSWR, Gain, and E plane
Beam width. The H- plane beam width remains constant. We noticed that, there is abrupt change in the center
frequency between 2300MHz to 2135MHz for the dielectric constant variation from Fig.4.
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Fig 4: Variation of resonant frequency with different radome thickness
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Fig.6Variation of gain at different radome thicknesses.
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Fig. 7 Variation of E-Plane beamwidth at different radomethickness
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Fig.8Variation of H-Plane beamwidth at different radome thickness
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Fig.9(a) Variation of dielectric constant and resonant frequency at different radome thicknesses 0.1-0.4mm
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Fig. 9(b) Variation of dielectric constant and resonant frequency at different radome thickness 0.5, 0.6, 0.8mm
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Fig. 10(a)Variation of dielectric constant and VSWR at radome thickness at 0.1-0.4mm
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Fig.10(b)Variation of dielectric constant and VSWR at radome thickness at 0.5, 0.6, 0.8mm
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Fig.11(a)Variation of dielectric constant and gain at radome thickness 0.1-0.4mm
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Fig.11(b)Variation of dielectric constant and gain at radome thickness 0.5, 0.6, 0.8mm
100
99
98
97
E-Plane BWog Seriesl
a5 Series2
94 1 e Series3
23 Series4
92
91
90
0 2 B 6 8 10 12
Dielectric constant

Fig.12(a) Variation of dielectric constant and E-Plane beamwidth at radome thickness 0.1- 0.4mm
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Fig.12(b) Variation of dielectric constant and E-Plane beamwidth at radome thickness 0.5, 0.6, 0.8mm
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Fig.13(a)Variation of dielectric constant and H-Plane beamwidth at radome thickness 0.1- 0.4mm
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Fig.13(b)Variation of dielectric constant and H-Plane beam-width at radome thickness 0.5, 0.6, 0.8mm
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V. CONCLUSION

Simulation results shows that, when radome thickness increases there will be decrease in beam width and gain.
The center frequency shifts in the lower side as radome thickness increases. Experiments are being planned to
verify the results predicted by computer simulation. From the above discussions we conclude that the better
dielectric combination of superstrate thickness is 0.1-0.6mm for er2 of 2.2 and better range of superstrate
dielectric constant is up to 5 at 0.1mm, dielectric constant is up to 3 at 0.2mm to 0.3mm thickness and up to 2 at

0.3 to 0.6mm thickness.
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