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Abstract

Microstrip patch antennas are most widely used antennas because of its application in
mobile phones, low cost, ease of fabrication etc. These antennas are planar, have
applications in defense, aircraft and have so many shapes like rectangular, circular,
triangle, square etc. Circular shape is one of the famous shapes among all. In CMPA as
frequency increases the radius of circular patch decreases. In this paper circular patch
designed at 900MHz & the important parameter like reflection coefficient, VSWR, polar
plot, gain (IEEE) calculated. With application of air gap between dielectric there is
variation in resonant frequency of the antenna. The frequency get shifted from 900 MHz
to 2.712, 2.2298, 2.268 GHz. If the radius calculated for increased frequency the radius is
small in comparison of 900MHz frequency that means antenna get compact. The
comparison of all four designs has been done. Hence in this paper CMPA get compact in
terms of frequency using air gap.

Keywords: Air gap, Circular microstrip patch antenna (CMPA), Computer simulation
technology (CST), Perfect electric conductor (PEC)
1. Introduction

Circular patch [1-2] or disk is the next popular configuration after rectangular patch as
shown in Figure 1.
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Figure 1. Geometry of CMPA

Circular microstrip [3] patch antennas find deep applications especially in the field of
medical, satellite and military communications. Their utility is because of their light
weight and small size. Satellite communications require more and more bandwidth; the
demand for wideband antennas operating at higher frequencies becomes inevitable. The
bandwidth can be increased with the application of air gap. The air gap is applied between
the substrate as shown in Figure 2.
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Figure 2. Antenna with Air Gap

By replacing FR4 substrate with air substrate the gain of the microstrip antennas [4-5]
can be increased [6]. By providing air gap bandwidth can also be increases [7-8]. Now a
day we need to make antenna compact because size is a major concern in growing world
the techniques of making antenna compact are slot loading [9], using meta-material etc. In
this paper the proposed technique is use of air gap to make antenna compact in terms of
frequency.

2. Antenna Design

We have to design [10] circular patch as shown in Figure 1. This model is cavity model
& to design this model the designer should know the parameters €, f,(Hz) and h in cm.

The design formula for this is given below in equation 1.

a= J 6

a 2h 1, (E 5
(1+-2 In(Eh)+1.7726])

8.791x10°

Where F= N

3. Calculation
From equation 1 the actual radius (a) of patch for 900MHz antenna is obtained as.
Actual radius (a) = 46.494 mm

4. Antenna Design in CST

By calculated radius the circular patch is designed in CST [11]. The dimensions of
circular patch are shown in Table 1.

Table 1. Dimensions of 900 MHz Antenna

S. No. PLANE LENGTH(m WIDTH(m HEIGHT( MATERIAL
m) m) mm)
1. Ground 125 110 0.038 PEC
2. Substrat 125 110 1.6 FR4
e
3. Cut 32.494 7 0.038 vaccum
4, feed -57.666 3.01 0.038 PEC

The patch is designed with a radius of 46.494 & height of 0.038 mm. The design of

circular patch antenna prepared in CST software is shown in Figure 3. After this a discrete
port is connected at the end of the feed line and time domain analysis done using transient
solver. Based on this analysis result is obtained these results is elaborated in next section.
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Figure 3. CMPA Layout in CST

5. Results of Simulation of Antenna in CST

The result obtained from time domain analysis is discussed here. The parameter
reflection coefficient (S;;) is shown in Figure 4; it shows antenna is resonating at
particular frequency. The value of S;;is -19.01 dB or we can say return loss of 19.01 dB.

S-Parameter Magnitude in dB
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Figure 4. S;; of Designed Antenna

The polar plot of this antenna at 900MHz is plotted in Figure 5. It is plotted by
applying farfield at broadband frequency.

Gain Abs (Phi=0)

farfield (broadband) [1]

Frequency = 0.9

Main lobe magnitude = 2.4 dB
Main lobe direction = 0.0 deg.
Angular width (3 dB) = 93.7 deg.
Theta / Degree vs. dB Side lobe level = 9.2 dB

Figure 5. Polar Plot of Designed Antenna
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The 3 D view of same plot is shown in Figure 6. In this plot red portion indicates
radiations.

dB
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1.53
1.089
08.654
8.218
-3.42
-168.3
-17.1
-23.9
-30.8
-37.6
Type Farfield
Approximation enabled (KR >> 1)
Monitor farfield (broadband) [1]
Component Abs
Output Gain
Frequency 8.9
Rad. effic. -3.354 dB
Tot. effic. -3.489 dB

Gain 2.397 dB

Figure 5. 3D Radiation Pattern of Designed Antenna

VSWR is a measure of matching between the feed and Circular patch. Its range is
between 1 to oo. For perfect matching its value should be nearer to 1. From Figure 7, its

value is 1.25. It is dimensionless quantity.

VSWR 1(1)
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Figure 7. VSWR of Designed Antenna

The graph for gain is shown in Figure 8. Its value is 2.39 dB.

Gain (IEEE),phi=0.0,Max. Value

2.3968268
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Figure 8. Gain (IEEE) of Designed Antenna
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6. Antenna Designed with Application of Air Gap

The normal CMPA is discussed in above section. In this section air gap is applied
between substrates and the variations in results are observed. The antenna with 3 mm air
gap is designed with dimensions as mentioned in Table 2.

Table 2. Dimensions of Antenna with 3mm Gap

S.N PLAN LENGTH( WIDTH( HEIGHT( MATERI
0. E mm) mm) mm) AL
1. Groun 125 110 0.038 PEC
d
2. Substr 125 110 1.6 FR4
ate 1
3. Air 125 110 3 Air
gap
4, Substr 125 110 1.6 FR4
ate 2
5. Cut 32.494 7 0.038 vaccum
6. feed -57.666 3.01 0.038 PEC

Radius of patch a = 46.494 mm

Figure 9, showing perspective view of designed antenna in which air gap is shown.
Bottom view is shown in Figure 10, which is clearly showing gap with discrete port.

e—

Figure 9. Perspective View of Antenna

AT

Figure 10. Bottom View of Antenna
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7. Results with Application of 3mm Air Gap

The results is obtained from transient analysis when gap is applied is discussed in this
section. Here the dimensions are same only 3 mm gap is applied. So the Sy; shifted from
900MHz to 2.172GHz as shown in Figure 11.

S-Parameter Magnitude in dB
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Figure 11. S;; of Antenna with 3mm Air Gap

Polar plot with gap is shown in Figure 12, which is different from 900MHz antenna
pattern.

Gain Abs (Phi=0)

farfield (broadband) [1]

Frequency = 2.172

Main lobe magnitude = -2.1 dB
Main lobe direction = 40.0 deg.
Angular width (3 dB) = 50.7 deg.
Theta / Degree vs. dB Side lobe level = -3.3 dB

Figure 12. Polar Plot of Antenna with 3mm Air Gap

For Figure 12, the 3 D view is shown in Figure 13.

dB

-2.687
-9.13
-13.8
z -18.5
-23.2
Theta _28
-32.7
-37.4
-42.1
Type Farfield
Approximation enabled (kR >> 1)
Monitor farfield (broadband) [1]
Component Abs
Output Gain
Frequency 2.172
Rad. effic. -9.859 dB
Tot. effic. -18.83 dB
Gain -2.872 dB

Figure 13. 3D Radiation Pattern of Antenna with 3 mm Air Gap

VSWR value is 1.48 and graph for this is plotted in Figure 14.
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Figure 14. VSWR of Antenna with 3 mm Air Gap

2.5

Here the value of gain has increased at this frequency and is 5.80 dB. Graph for this is
shown in Figure 15.
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Figure 15. Gain of Antenna with 3mm Air Gap

8. Antenna Designed with 4mm Air Gap

In above section antenna is designed with 3 mm gap and results are discussed. But in
this section the 1 mm gap is increased i.e., total gap of 4 mm applied. The dimensions for
this are written in Table 3.

Table 3. Dimensions of Antenna with 4mm Gap

S.No. PLANE | LENGTH(mm) [ WIDTH(mm) | HEIGHT(mm) | MATERIAL
1. Ground 125 110 0.038 PEC
2. Substrate | 125 110 1.6 FR4
3. Air gap 125 110 4 Air
4, Substrate | 125 110 1.6 FR4
2
5. Cut 32.494 7 0.038 vaccum
6. feed -57.666 3.01 0.038 PEC

Radius of patch a = 46.494 mm

The perspective view is shown in
respectively.

Figure 16, and bottom view in Figure 17,
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Figure 16. Perspective View of Antenna with 4 mm Gap

s :
Figure 17. Bottom View of Antenna Perspective View of Antenna with 4 mm
Gap

The value of Sy; is -12.05 dB at 2.229 GHz in which frequency shifted from 900MHz
to 2.229 GHz. The graph for this is plotted in Figure 18.

S-Parameter Magnitude in dB
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Figure 18. S;; of Antenna with 4 mm Gap

The value of VSWR is 1.66 as shown in Figure 19.

66 Copyright © 2016 SERSC



International Journal of Signal Processing, Image Processing and Pattern Recognition
Vol. 9, No. 8 (2016)

VSWR 1(1)
3
1.6648848

T o s / -----------------------------------------------------------

e 5772
T T LT

s
T TR

0

Frequency / GHz

Figure 19. VSWR of Antenna with 4mm Gap
The graph for gain is plotted in Figure 20, and its value is 5.57 dB at 2.229 GHz.
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Figure 20. Gain (IEEE) of Antenna with 4 mm Gap

Polar plot is shown in Figure 21, and 3D view for this is shown in Figure 22.

Gain Abs (Phi=0)

0

180

Theta / Degree vs. dB

farfield (broadband) [1]

Frequency = 2.229

Main lobe magnitude = 4.5 dB
Main lobe direction = 35.0 deg.
Angular width (3 dB) = 44.7 deg.
Side lobe level = -3.0 dB

Figure 21. Polar Plot of Antenna with 4mm Air Gap
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9. Antenna Designed with Application of 5mm Air Gap

In this section 5 mm air gap is applied between the substrate. The dimensions are
shown in Table 4.

Table 4. Dimensions of Antenna with 5 mm Gap

Figure 22. 3D View of Polar Plot of Antenna with 4 mm Gap

S.No. PLANE LENGTH(mm) | WIDTH(mm) | HEIGHT(mm) | MATERIAL
1. Ground 125 110 0.038 PEC
2. Substrate | 125 110 1.6 FR4
3. Air gap 125 110 5 Air
4, Substrate | 125 110 1.6 FR4
2
5. Cut 32.494 7 0.038 vaccum
6. feed -57.666 3.01 0.038 PEC

Radius of patch a = 46.494 mm
With the help of these dimensions a layout of antenna has prepared in CST as shown in

Figure 23.
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Figure 23. Perspective View of Antenna with 5 mm Gap
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In the Figure 24, the bottom view of the antenna had shown which is showing the gap
clearly.

& L

Figure 24. Bottom View of Antenna with 5 mm Air Gap

The reflection coefficient of antenna is shown in Figure 25. The value of S; is -
10.3926 dB.

S-Parameter Magnitude in dB
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Figure 25. S;; of Antenna with 5 mm Gap
The VSWR with 5 mm air gap is shown in Figure 26, & the value of VSWR is 1.79.

VSWR 1(1)

1.7934226
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Figure 26. VSWR of Antenna with 5 mm Gap

The gain (IEEE) plotted for antenna with 5mm air gap is shown in Figure 27, & the
value of gain is 5.6503 dB.
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Figure 27. Gain(IEEE) of Antenna with 5 mm Gap

The polar plot for this antenna is shown in Figure 28.

Gain Abs (Phi=0)
farfield (broadband) [1]

Frequency = 2.268

Main lobe magnitude = 5.4 dB
Main lobe direction = 35.0 deg.
Angular width (3 dB) = 42.9 deg.
Theta / Degree vs. dB Side lobe level = -1.9dB

Figure 28. Polar Plot of Antenna with 5 mm Air Gap

The 3D view of Figure 28, is shown in Figure 29.

Type Farfield

Approximation enabled (kR >> 1)
Monitor farfield (broadband) [1]
Component Abs

Output Gain

Frequency 2.268

Rad. effic. -1.446 dB

Tot. effic. -1.811 dB

Gain 5.431 dB

Figure 29. 3D View of Polar Plot of Antenna with 5 mm Gap

10. Comparison

In this section the comparison of normal design and design with air gaps is discussed
here. The important parameter observed and listed in Table 5. From Table 5, it can be
observed with the application of air gap-

1. The Sy; getting worst.
2. The value of VSWR also increasing which means matching deteriorating.
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4. Frequency shifted i.e., increased which means design gets compact.

Table 4. Comparison of Parameters of Designs

S.No. PARAMETERS 900MHz 3MM 4AMM 5MM
GAP GAP GAP
1. S11(dB) -19.01 -14.25 -12.05 -10.93
2. VSWR 1.25 1.48 1.66 1.79
3. Gain 2.39 5.80 5.57 5.65
4. Frequency(GHz) 9 2.172 2.229 2.268
11. Conclusion

In this paper CMPA designed at 900 MHz. For making antenna compact air gap
technique is used here. As air gap is applied the resonant frequency of the antenna shifting
to the higher frequencies. With the application of gain of the antenna has increased.
Hence the conclusion of the paper is that as air gap is increasing antenna getting compact
in terms of frequency and gain of the antenna increasing.
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