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Physical Insight Into The Gain and Bandwidth Enhancement of U Type Microstrip Patch with Air Substrate A. Suman, R. K. Mistry, N. N. Dutta, P. Chatterjee, S. Chattopadhyay



Abstract— A simple and novel U type microstrip patch antenna with air substrate is proposed and thoroughly investigated. It shows appreciable enhancement in gain (about 11 dBi) along with significant improvement in bandwidth (about 10%) compared to conventional microstrip patch. The physical reason for such improvement in gain and bandwidth is thoroughly explained.Simulated electric field distribution on the entire antenna structure is also presented to explain such behavior of the proposed antenna. Index Terms— Bandwidth, Gain, Microstrip Antenna



1 INTRODUCTION



M



ICROSTRIP patch antennas are gaining popularity day by day. It has wide scope in wireless and mobile communication systems. A microstrip patch antenna is a low profile antenna and has several advantages over conventional antenna. A conventional rectangular patch antenna etched on a grounded substrate give 4-5% bandwidth and around 5-6 dBi gain. Larger gain is always a positive requirement, but broader impedance bandwidth along with high gain is very promising in the field of patch antenna. Different techniques have been reported to increase the bandwidth and reduce the size of microstrip patch antennas such as increasing the thickness of dielectric substrate, decreasing dielectric constant [1], slot-loading [2], feed modification [3], chip loading [4], stacked shorted patch [5], using parasitic patches [6]. But none of the above has investigated for its gain. One recently reported structure [7] proposed that the microstrip antenna with conical horn gives high gain like 11 dBi but with poor band width (6%). Similarly in [8], microstrip with sandwitched substrate is presented which show excellent band width but with poor gain (5.2 dBi). Another reported work [9] gives high gain by using microstrip antenna array and 12 dBi gain is observed as expected. Using negative capacitor with a chip resistor incorporated in rectangular micro-



strip antenna the gain can be enhanced to 9.2 dBi as reported in [10]. Some analysis with broadband microstrip antenna is found in open literature [11] and in very recently reported work [12], it is proposed that the gain of microstrip antenna can be enhanced using air as substrate and the gain enhancement factor is successfully estimated. One recently reported work [13] dealt with inverted U type patch which gives improved gain (≈ 7.5 dBi gain) and appreciable bandwidth (around 7 %). However, if the slot has been introduced centrally on the conventional rectangular patch it will give birth to another structure which is referred as U type patch antenna and a significant improvement in the gain and bandwidth are achieved simultaneously. In this paper, we have demonstrated the reason for improvement in gain and impedance bandwidth of the proposed patch on the air substrate. We have attempted to increase the gain and bandwidth all together by changing the patch geometry and substrate type. The entire antenna structure is very lightweight and compact as opposed to several other suggested structures.



2 ANTENNA GEOMETRY



The antenna geometry is shown in Fig. 1. A single slot of 6 mm x 6 mm has been introduced to give a U shape patch with air as a substrate. The ———————————————— detailed dimension of the patch is shown in Fig.  A.Suman,R.K.Mistry,N.N.Dutta,P.Chatterjee,S.Chattopadhyay are 1(a). In the present investigation, a 0.1 mm thin with the Department of Electronics and Communication Engineering, Siliguri Institute ofTechnology, P.O:Sukna, Siliguri,District:Darjeeling, metal strip (copper with permeability 1) held at 1.575 mm height above the ground plane. The PIN:734009,West Bengal,India.Common Research Group Mail:[email protected]
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patch is soldered with the probe and thus no additional support or spacer is required to hold it.



3 RESULTS AND DISCUSSIONS The introduction of single slot in rectangular patch in order to develop a U type microstrip antenna results in discontinuity in the structure. Following Ang and Chuang [16], as slot width increases (AB portion increases) inductive effect increases. For the dominant TM10 mode the magnetic field H is maximum in the central region. As a result the electric surface current



Js



is maximum in that region, because we know that



J s  nˆ  H



, where



nˆ is



the outward normal to



the patch surface.



So, a lot of surface current is developed through edge AB which stores magnetic energy intensely in that region. As a result it simulates inductance. But this will not effect dominant TM10 mode as L1 is not equal to λ/2, instead it is λ/4 for the same mode. But for next higher mode ABJI portion of the patch will be acting as λ/2 resonant patch as its frequency is doubled. So for that portion of the patch structure will try to excite next higher order mode ie, TM20 below ABJI portion of the patch. At the same time, for that higher mode AB portion offers more inductive reactance as discussed above and as a result resonance frequency of next higher order mode decreases from its natural value. Actually the resonant frequency



fr 



1



where L and C are the



LC



equivalent inductance and capacitance developed due to patch structure. Thus the two frequencies i.e. dominant and next higher order mode come closer which may be attributed for higher impedance bandwidth for this proposed structure.The simulated results obtained for the prototypes employing different configuration of patches over the air substrate are presented. In Fig. 2, the return loss profile of the prototype is shown using [14]. The proposed antenna shows around 10 % of impedance bandwidth which is 5% more than the conventional one. Now if we increase AB portion more than GH and CD portions become too less. So, the radiation due to dominant mode which is actually through the above regions decreases. This will affect the peak gain of the overall antenna



system. In this way, we have conceived an optimum structure where gain and bandwidth are good together. The bandwidth of the proposed antenna works in the range of (10.34-11.27) GHz. Fig. 3 shows the radiation pattern of the proposed antenna. Around 11 dBi gain is observed. The E-plane cross-polarized fields for both kind of antenna appear to be almost identical. But the proposed antenna results in comparatively higher cross-polarized radiation, which may be 5-6 dB larger around ± 45 degrees compared to those due to conventional rectangular microstrip antenna. It is also observed that as we increase the slot width, bandwidth of the antenna increases at the cost of gain. The physical insight in to obtaining high gain as well as broader impedance bandwidth performance of the proposed antenna has been explored using simulated electric fields distributed over the substrate. Those are shown in Fig. 4. A comparative observation between Fig. 5 (a) and 5 (b) indicate that the electric field in the substrate distributed over wider area as soon as the structure changes from conventional to the new structure. Moreover, the electric field distribution around the patch is uniform in the new structure than the conventional one. This in fact, indicate additional effective radiating aperture in case of proposed antenna compared to conventional rectangular patch antenna. We know that gain of an antenna:



G   ap



4Aeff



ciency and



2



Where



 ap



is aperture effi-



Aeff is effective radiating aperture.



As in our proposed structure, electric field is distributed more uniformly rather than that for conventional microstrip antenna, the aperture efficiency is much more for our proposed antenna. These may be attributed for high gain values for the proposed antenna. Now, we may concentrate on the change in impedance bandwidth value. The electric field distribution over the wide area in the substrate corroborates lower effective dielectric constant for our new structure than the conventional microstrip patch which in turn improves the impedance bandwidth for proposed antenna.



4 CONCLUSION The physical insight for higher gain and bandwidth of the proposed antenna has been presented. The proposed antenna finds wide application in wireless and mobile applications where appreciable value of gain and bandwidth are required. The microstrip antenna introduces new
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generation of communication with enhanced speed, improved communication channel capacity and large area coverage at a very reasonable price which is sufficient to fulfill the upcoming challenge. It can be predicted that further research in this direction can result in a breakthrough in mobile communication technology.
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Figure 1: Schematic diagram of proposed antenna (a) top view of patch, (b) side view of entire antenna structure.



Figure 2: Return loss profile of proposed antenna magnetic field distribution below the patch surface.
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Figure 3: Electric field and magnetic field distribution below the patch surface. E Plane Pattern 0 330
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Figure 4: Radiation properties of the proposed antenna compared to conventional patch antenna : E plane and H plane.
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(a)



(b)



Figure 5: Electric field distribution over substrate of (a) proposed antenna structure (b) conventional patch antenna.
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