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Abstract The paper presents a compact tri band U slot microstrip patch antenna. The proposed antenna resonates at tri band of 3.3GHz, 5.8GHz and 7.1 GHz frequencies for VSWR ≤ 1.6 with an improved impedance bandwidth of 42% and a reduced mutual coupling of -23 dB. Also the antenna is modified by using a shorting pin giving an improved bandwidth of 54% and isolation of -28dB. The proposed antenna is a better choice for 4G, WLAN, Wi-MAX and Ultra Wide Band applications involving MIMO technique. Keywords: U-slot patch antenna, tri-band, Impedance bandwidth, Mutual coupling.



I.



Introduction



Microstrip or patch antennas are most preferred antennas because they can be printed directly onto a circuit board. Microstrip antennas are becoming very popular within the mobile phone market .patch antennas are low cost, have a low profile and are easily fabricated. The major disadvantage of microstrip antennas is their low bandwidth. The U shaped patch antennas gained popularity due to their wideband nature. In 1995 a broad band single layer probe fed patch antenna with a u-shaped slot was presented by Huynh and Lee [1] and [2]. However, the general microstrip antennas suffer from narrow bandwidth, which limits their application in modern communication systems like MIMO systems etc. Recently, triband antennas gained attention as they can be used for various applications including WiMax [3]. MIMO technology gained popularity in wireless communications as they offer significant data throughput and link range without additional bandwidth or increased transmit power. Also they achieve array gain that improves the spectral efficiency and diversity gain that improves the link reliability with reduced fading .Because of these properties, MIMO is an important part of modern wireless communication standards such as IEEE 803.11 in (WiFi), 4G, 3GPP Long Term Evolution, Wi-MAX and HSPA+. The main parameter regarding MIMO systems is mutual coupling, which depends on the distance between the elements in a MIMO system. If the distance is more, the mutual coupling between antennas becomes less and vice versa. Hence, by increasing the distance between the elements we can reduce the mutual coupling between the antennas. However, the distance between the antennas cannot be maintained too large, since MIMO systems have
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IJRIT International Journal of Research in Information Technology, Volume 2, Issue 4, April 2014, Pg: 492- 499 their major applications in Mobile terminals, laptops, and WLAN Access Points Wireless communications [4], where size of the device can’t be maintained too large. The main source of mutual coupling is surface current flowing through ground in order to reduce these, there are several techniques like Electromagnetic band gap structure [5], defected ground structure [6], decoupling techniques, etc… However, all these methods make the design of the antenna entangled. In the present work, a U slot patch antenna MIMO system is proposed with improved bandwidth and reduced mutual coupling .The designed antenna resonates at a tri-band of 3.3 GHz, 5.8 GHz, and 7.1 GHz frequencies with an improved impedance bandwidth of 42%.



II.



Antenna Design



The main objective of the antennas used in MIMO systems is to improve the bandwidth of the patch antenna. The dielectric constant of the substrate decides the bandwidth of the microstrip antennas. Low dielectric constant of the substrate produces larger bandwidth, while high dielectric constant of the substrate results in smaller size and low bandwidth [4]. The bandwidth of microstrip antennas can be increased by several techniques such as keeping parasitic elements on the patches, increasing the substrate thickness, inserting slots and using defected ground structures [6]. The patch antennas are fabricated with various shapes and most of them are widely designed antennas are E shaped patch antenna, H shaped patch antenna [8] etc. Among all these antennas, E shaped patch antennas are widely used as they give better performance in terms of both impedance bandwidth and mutual coupling. The U slot patch antenna can be formed by cutting three rectangular slots on a rectangular patch as shown in Fig.1.The dimensions of the geometry are given in the Table.1. Here the whole system is fed by a co-axial probe at the position (X0, Y0) = (5mm, 5mm). The area of the proposed antenna is 60 × 40݉݉ଶ . In [7], the feed position is kept at the center of U slot, whereas in the present work the feed is kept at one of the corners of the antenna as shown in Fig.1, giving an improvement in the impedance bandwidth. For better performance, a thick dielectric substrate having a low dielectric constant is desirable as it provides better efficiency, larger bandwidth and better radiation. Here, the substrate selected for the design of the proposed antenna is verified by using different materials such as Epoxy Kevlar, FR4_epoxy, Air and RT/duroid®5880 and among all these parameters Air substrate produces high impedance bandwidth as shown in Table.2 and the return loss plot is sown in Fig. 2.



(a)Top view of the antenna. (b) Side view of the antenna Fig 1.Proposed U-slot patch antenna
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Table 1. The dimensions of the patch and substrate 0.00
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Fig 2. The return loss of the proposed antenna



S.NO



Material



Dielectric constant



Impedance Band Width



1)



Air Rogers RT/Duroid 5880 Epoxy FR4 epoxy



1 2.2



42% 35%



3.6 4.4



24% 10%



2) 3) 4)



Table 2.Different bandwidths obtained for different materials. As the dielectric constant of the material decreases then the bandwidth will increase we can observe in the Table 2 and Fig3 shows the return loss plot of different materials with a different dielectric constants ranges from 1 to 4.4.There are many parameters that need to be adjusted for an optimized bandwidth performance such as length, width of patch and position of feed.



Fig3.The return loss plot of Different bandwidths obtained for different materials
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III.



A Two Element MIMO System



Synchronization is a critical aspect for wireless communication systems .Using multi -antenna at both transmit and receive ends, which is referred to as MIMO , has been considered as a promising scheme to increase system capacity. Without increasing the distance between the elements the mutual coupling can be minimized by using diversity techniques as explained in [7].The proposed U slot patch antenna with 2x2 MIMO array with a separation of 10mm is shown in Fig.4.



Fig.4 A two element MIMO system using proposed U slot antenna



Fig.5 S parameters of proposed U slot microstrip patch antenna. The return loss of single antenna and their corresponding resonant frequencies and isolation of 2 ×2 MIMO systems are given in Tabel.3. Mutual coupling happen in any high frequency structures when they are exposed to each other. When Mutual coupling of the antenna must be as low as possible otherwise it causes interference in the signal and may cause effect on signal strength. The Fig.5 shows the simulated results of return loss and the mutual coupling. The system resonates a triband 4.2 GHz, 5.96 GHz, 7 GHz, with an improved impedance bandwidth of 42% (9 GHz to 12.7 GHz) and the obtained mutual coupling between the antenna elements is small and is less than -28dB. Also, the obtained bandwidth by using the proposed antenna is very high compared to the normal E shaped patch antenna [6].



S.NO



Resonant frequency (GHz)



Return Loss (dB)



Isolation (dB)



1



3.3



-12.3



-15



2



5.8



-24



-20



3



7.1



-18



-30



Tabel.3Results obtained for the proposed antenna
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(a)3.3GHz



(b)5.7GHz



(c)7.1GHz



Fig.6 Radiation patterns of the proposed antenna The VSWR plot of the proposed MIMO array is presented in the Fig 7. The plot gives the desired values of VSWR at the resonant frequencies, which are less than 1.6. The VSWR value is observed as 1.6, 1.11, 1.21, 1.4, 1.14 and 1.3 at the resonant 4.2 GHz, 5.96 GHz, 7 GHz, 7.46 GHz, 9.93 GHz and 11.49 GHz respectively, indicating improved matching conditions. The Fig.9 shows the obtained radiation Patterns of the proposed antenna. The Fig.10 shows the gain plot of the proposed antenna.



Fig.7 VSWR plot of the proposed Antenna



Fig.8 Gain plot of the proposed Antenna



IV.



U-Slot Patch Antenna with a Shorting Pin



A schematic of a microstrip antenna with probe feed and a shorting pin is shown in Fig:9(b) .The probe feed is described by its radius and is located at (5,5).The shorting pin has radius 0.58mm and is located at (5,16).The rectangular U slot patch antenna is described by the dimensions 60 × 40݉݉ଶ as mentioned in Table.1
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(a)Top view of the antenna



(b)Side view of antenna



Fig 9.The dimensions of the U-slot patch antenna in millimeters; letter ‘F” is the feed point and S is the shorting pin.



Fig.10 A two element MIMO system using proposed U slot antenna.



Fig 11. The return loss plot of antenna with the U-slot and shorting pin.
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Fig12. S parameters of proposed U slot microstrip patch antenna with shorting pin.



(a)3.1GHz



(b)3.7GHz



(c)7.1GHz



Fig.13 Radiation patterns of the proposed antenna with shorting pin.



Fig.14 VSWR plot of the proposed Antenna



Fig.15 Gain plot of the proposed Antenna
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V.



CONCLUSION



A novel compact triple band slot microstrip antenna for is presented the proposed antenna has a compact size of 60mmx40mm and it can effectively cover the 4G, WLAN Wi-MAX and Ultra Wide Band applications. Good antenna performance and impedance matching can be realized by adjusting the probe position and the dimensions of the patch.
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