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ABSTRACT:
    In this research we introduce an UWB monopole antenna with filtering function in WiMAX and WLAN bands. In the antenna’s structure we have used two U-shaped slots for filtering function in WLAN band along with two parasitic U-shaped strips for filtering WiMAX band. Using two slots comparing a single slot increases filtering function quality of the proposed antenna. Also, in order to enhance the antenna’s bandwidth, U-shaped slots have been used in the ground plane of the antenna. This enhances the impedance bandwidth of the antenna up to 16GHz. 
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1.   Introduction
    UWB technology having advantages like high data rate      transmission, overcoming multipath effects and not needing complicated systems, rapidly gained favorability in wireless telecommunications[1]. For these kind of systems, in the huge family of antennas, planar monopole antennas absorbed more attention owing characteristics like favorable radiation patterns, simple and low cost fabrication and multi band ability [2]. 

    One of the major problems in UWB systems is interference with other frequency bands like WiMAX and WLAN. To filter these bands it is possible to use filters connected to the antenna or creating the filtering function in the antenna’s structure which is more favorable.  Many techniques have been used to create filtering function in UWB antennas. Some are, using slots [3], parasitic elements behind radiating patch [4], quarter wavelength stubs [5], via-holes [6] and etc. In this article we introduce a microstrip antenna having two U-shaped slots and two U-shaped parasitic elements for filtering function. Also, in order to enhance the antenna’s bandwidth slots have been cut out in the ground plane. We fabricated the proposed antenna on FR4 with 22*15*(1=h) mm3 dimensions.
2.   Proposed Antenna structure
    The complete geometry of the proposed antenna is shown in Fig.1. To get better knowledge about the antenna’s performance we first survey its bandwidth enhancement approach then its filtering function would be examined.
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 Fig2. (a) Shows the bandwidth enhancement technique and the respective impedance response is drawn in Fig2. (b). As it is seen in Fig2.(a) the antenna first is composed of a 50 ohms microstrip feedline along with a simple rectangular patch and cut-out ground plane. The antennas bandwidth is small and from 9GHz its impedance matching begins to destroy. In order to increase the antenna’s bandwidth a couple of U-shaped slots have cut out from ground plane. These slots create resonances at higher frequencies which lead to considerable bandwidth enhancement. Also, as the frequency increases the electric field would concentrate more and more in the substrate causing the feedline to show inductive property. To eliminate this inductive property we have devised a rectangular cut under the feedline on the ground plane. Different slots have been proposed before but in the proposed antenna in order to have better notch quality-which is defined as peak of notch divided by its bandwidth ratio-we have used two U-shaped slots. These two slots by concentrating the electrical current around their edges and causing 180deg phase difference create filtering function in the antenna’s performance. Also, U-shaped parasitic elements cause filtering function in the WiMAX band. 
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The currents on the antenna are shown in Figs.3 (a&b) at 3.5GHz and 5.5GHz. To get better impedance matching two slots has been used on the edges of radiating patch.
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3.   simulatuon and test results
    The antenna was under pattern tests after fabrication. Fig4. (a) Shows the antenna connected to the 8722ES network analyzer. In Fig 4(b) the simulation and test results are provided. Although UWB technology having privilege of high speed data transmission and immunity against interference paths is one of the best options in future telecommunications systems but it should be noted that UWB systems have 
the ability to transmit and receive very short pulses in which there must be high similarity between these signals. One of the important issues in broad band telecommunications is simultaneity between transmitting and receiving systems. In other words a small non-simultaneity leads to signal evanescence. Then, the antennas group delay is provided in Fig (5) in which each division in vertical equals to 1 Nano second.
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As it is apparent the group delay (except for notched bands) has very small value nearly close to zero. The antenna’s pattern tested at telecommunications research center at frequencies of 4.5GHz and 8.5GHz is shown in Fig. 6. Also the antenna’s gain is represented in Fig. 7. The antenna’s gain is normally somewhat between 1 to 2dBi except for WLAN&WiMAX bands which decrease considerably because of low amount of efficiency.
4.   conclusion
 In this paper an UWB antenna having filtering function was proposed. In order to increase notch quality two U-shaped slots and parasitic elements were used in antenna’s structure. The antenna has ability to operate up to 18GHz and sustains good pattern stability.
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Fig. 1. The proposed antenna structure, all parameters in mm
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Fig.2. (a) Rear view, (b) bandwidth enhancement process.
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Fig. 3. Surface currents of proposed antenna at (a):3.5GHz and (b):5.5GHz.
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Fig. 4. (a):a schematic of testing antenna, (b) simulation and test results.
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    Fig. 5. Measured group delay of the proposed antenna.
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Fig. 6. Measured pattern at frequencies (a) 3.5GHz and (b) 8.5GHz.
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