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Abstract:

A method to enhance the gain of micro strip patch antenna is investigated by array configuration technique. Array configuration
technique improves the gain of micro strip patch antenna by increasing the effective aperture area. The effect of array
configuration technique in different configurations has been studied numerically and validated experimentally. It is observed that
with increase in effective aperture area, the gain of micro strip patch antenna is increased. A technique to increase the effective
aperture area is place a number of patches on single dielectric substrate. Compared to single patch antenna, a double patch
antenna provides high gain.
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1. Introduction

Micro strip patch antennas are widely used due to being compact, conformal, and low cost. However micro strip patch antenna is
provided with very low gain. Thicker substrate can increase the gain to some extent but may lead to undesired effects like surface
wave excitation. Surface wave decreases efficiency and perturb the radiation pattern [3]. However, making the ground plane larger
also increases the gain up to some extent but as the ground plane size increases, diffraction near the edges plays less of role and
increasing the size of already large ground plane has very little effect on gain.

In communication system micro strip antennas are used in array as well as single element. Use of array in communication system
enhanced the performance of micro strip patch antenna like gain, return losses, directivity etc. [4][1] In array configuration technique
patches can be arranged in two ways: linear array and phase array. Linear array allowed patches along the straight line and is simple
configuration. In phase array configuration, a phase of e degree is applied between the patches. [4].

In this paper the effect of linear array configuration technique on the micro strip patch antenna are investigated to explore an effective
simple way to enhance the gain of micro strip patch antenna. The basic idea is to improve the gain of micro strip patch antenna by
increasing the effective aperture area of antenna [1]. Micro strip antenna is designed to operate at 3.4 ghz. In the present work instead
of series feed network Corporate feed network is used to assign feed to the patches. In series feed network a minor change in first
stage feed line may cause large effect on the performance of patch antenna [2][6]. Section II summarize the single patch antenna.
Different configurations having multiple patches to improve the gain of patch antenna are investigated in section III. Section IV
summarizes the findings with conclusions.

2.Micro strip Patch Antenna with Single Patch

Consider a conventional patch antenna at 3.4 ghz on a dielectric substrate FR4 with E, = 4.4. the geometry of single patch antenna is
shown in fig (1) the patch of length L, = 35.125mm, width W= 11.575mm is positioned in the centre of 90 x 50 mm® ground plane.
The width of feeding strip L, is 0.1158.
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Figure 1: Geometry of single patch antenna Following the Figure 1,
designed single patch antenna with simulated results is shown below

Figure 2(a): single patch antenna using HFSS
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Figure 2(b): s parameter of single patch antenna Figure 2(c): gain of single patch antenna
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Figure 2(d): directivity of single patch antenna
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Gain of single patch antenna is very low as shown in Figure 2(c). the characteristics of patch antenna can be improved by using

multiple patches instead of single patch.

In this paper, the technique used to improve the performance the patch antenna involves multiple patches on a single substrate than a
single patch; various configurations for better performance are shown below.

3. Multiple Patch Antenna
1x2 patch antenna
Micro strip patch antenna with two patches is shown in Figure 3

Figure 3(a): 1x2 micro strip patch antenna
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Figure 3(b): s parameter of 1x2 micro strip patch antenna  Figure 3(c): gain characteristics of 1x2 micro strip patch antenna
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Figure 3(d): directivity of 1x 2 micro strip patch antenna

It has been observed that the performance of double patch antenna is better than single patch antenna. Configurations to enhance the

gain of micro strip patch antenna are shown below.
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1x4 patch antenna
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Figure 4(a): 1x4 micro strip patch antenna

tare | X Y XY Plot 1 HFSSDesignt || Mame | X | ¥ XY Plot2 HFSSDesignt
m | a4 | 01518 Serte 0000 | 7411 Qe hio
3 35052 | 101825 — 4B(S{LumpPort LuTpPort) | ~—— dB(GainTotal)
P BT Selupt :Sw espl 500—] Setupt : LestAdaptive
0T 1 Phi=0deg’
] ] — dB{GainTotal)
1 000 Setupt : LastAdaptive
4 - Phi=90deg"
1000 bl
s ] 500
< ] 1
£-15.00—] £ 1000
= ] = ]
s 1 E
22000 B 15.00?
R 2000
= 2500 ]
1 2500
3000 J
1 3000
—t — e T
310 320 330 340 50 360 370 380 390 400 -200.00 -150.00 -100.00 -50.00 000 50.00 100.00 150.00 200.00
Freq [GH7] Theta deg]
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Figure 4(d): directivity of 1x4 micro strip patch antenna

Designed antennas shows that performance of micro strip patch antenna improves with improvement in effective aperture area.
Performance characteristics of two and four patch antennas are compared in table 1

Designed antenna | S parameter | Gain | Directivity

1x2 patch antenna -35.3db 4.2 dbi 5.97 dbi

1x4patch antenna | -31.48db | 7.14dbi | 10.359 dbi
Table 1: 1x8 micro strip patch antenna

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH & DEVELOPMENT Page 189



www.ijird.com August, 2016 Vol 5 Issue 9

Figure 5(a): 1x8 micro strip patch antenna
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Figure 5 (d): directivity of 1x8 micro strip patch antenna

1x 16 patch antenna
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Figure 6(a): 1x 16 micro strip patch antenna

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH & DEVELOPMENT Page 190



www.ijird.com August, 2016 Vol 5 Issue 9

Ww | X | Y XYPlot3 EssDesr | e | x| v XYPlot6 =
n | a5 | sant [ 4000 | 101052 Grebio
PEESE ————" 1 — dB(Gaiud)

8 Setot :Sweapt ] ; Seupt :Lasthdapive
0] 00—

:"‘)UV: 50(%:

< 00 = o]

= 200 2 50

500 1000-]

-30.(]0; -1500;
35 1 T T T T T T T T T K
3 3.‘20 3,‘30 3.1‘3(] 3‘50 3.6‘(] 37‘(] HA(] 39‘0 400 -20000 -156.00 -I(]é 0 -50‘00 0.‘(]0 50.‘00 Iﬂdﬂﬂ 150‘00 200.00
Freq [GHZ] Theta [deg]
Figure 6(b): s parameter of 1x 16 micro strip patch antenna Figure 6(c): gain of 1x 16 patch antenna
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Figure 6(d): directivity of 1x 16 patch antenna

Calculated Parametric values shows that as we increase the number of patches on the substrate, the gain of micro strip patch antenna
improves. The performance comparison of micro strip patch antenna with 8 and 16 elements is described in table 2

Designed Antenna S parameter | Gain Directivity
1x 8 micro strip patch antenna | -33.52 dB 8.94 dBi | 13.87 dBi
1x 16 micro strip patch antenna | -34.70 dB 10 dBi 16.75 dBi
Table 2: performance comparison of 1x 8 and
Ix 16 micro strip patch antenna

4. Conclusions

The effect of array configuration technique on micro strip patch antenna has been studied and validated numerically. It has been seen
that by arranging the patches on the substrate in the form of array improves the gain and other characteristics like directivity and return
losses of micro strip patch antenna. The gain of micro strip patch antenna has been improved from 2.72dBi to 10dBi. The proposed
antenna is operating at 3.5 Ghz which is applicable in WLAN and communication applications.
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