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A Compact Wideband Antenna with CPW-fed Monopole for WLAN/WiMAX Operation M. Koohestani, M. Khaghani and H. Asadi Abstract—This paper presents a new compact planar wideband antenna with CPW–fed monopole, suitable for WLAN and WiMAX operations, providing a tunable bandwidth. By simply tuning the lengths of the CPW ground plane which results in an asymmetric ground plane structure, the range of bandwidth can be obtained from 2.3 to 7.6 GHz which can operate in WLAN (2.4–2.484 GHz, 4.9–5.1 GHz, 5.15–5.35 GHz, 5.7–5.9 GHz) and WiMAX (2.5–2.7 GHz, 3.4–3.6 GHz, 5.7–5.9 GHz). The antenna is as small as 23 mm × 20 mm × 1 mm. The performance of the antenna have been simulated and measured, showing good impedance bandwidth and omnidirectional radiation patterns across its entire tunable frequency range. Index Terms—Wideband antennas, Compact size, CPW-fed, WLAN/ WiMAX application.
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1 INTRODUCTION



S



INCE wireless communication has been popular and used more, especially during the recent decade, wireless equipment has been developed more than ever. In this way different application bands are available for wireless usage. Wireless local area network (WLAN) is one of the most important applications of the wireless communication technology. The WLAN standards have been developed by the institute of electrical and electronics Engineers (IEEE) and the 802.11 standard is a family of specifications for WLAN technology. The frequency ranges based on this standard for WLAN are: 2.4 GHz (2.4 – 2.484 GHz), 5.2 GHZ (5.15 – 5.35 GHz) and 5.8 GHz (5.725 – 5.825 GHz). WLAN system is used not only in the office but also in the home recently by users of the mobile terminal devices like laptop computers or PDAs (Personal Digital Assistant). Many other wireless and mobile communication systems, such as WiMAX has also developed rapidly. IEEE 802.16 standard named WiMAX provides maximum of 10 Mbps wireless transmission of data using variety of transmission modes from point to multipoint links to portable and fully mobile internet access devices. WiMAX operating bands are 2.5 GHz (2.5 – 2.69 GHz), 3.5 GHz (3.4 – 3.69 GHz) and 5.5 GHz (5.25 – 5.85 GHz). WiMAX can be used for a number of applications, including “last mile” broadband connections, hotspots and cellular backhaul, and high speed enterprise connectivity for business applications. Many systems nowadays operate in multiple frequency bands, requiring dual– or triple–band operation of fundamentally narrowband antennas. Advances in software– ————————————————
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defined and reconfigurable radio networks necessitate their operation over a wide range of frequencies or operation in a multi–band manner. Hence, to cover more wireless communication services, antennas which operating at a wideband range are highly demanded. One popular design for antennas using for the mentioned applications is the coaxial–fed monopole antenna because of providing the various radiation features for dual–band or multi–band beside the wide bandwidth and low profile communication systems. But as it needs a large ground plane at the opposite side of radiation plane on substrate, it is necessary to make a via-hole connection for feeding the signal which make it hard to produce and with higher costs. Therefore, microstrip–fed and coplanar waveguide (CPW)–fed monopole antennas are more popular in dual– band or multi–band and wideband communication systems. However, the CPW feed line can offer wide bandwidth, simple configuration, low cost, low radiation loss, simplicity in construction and easy integration with monolithic microwave integrated circuits (MMIC). For the available designs, the printed monopole antennas reported in [1–10] have wideband characteristics. However, most of them were addressed to the needs of WLAN applications [1, 3–5, 7, 9–10] and WiMAX applications [1, 6–10]. Very limited compact antenna designs have the ability to tune the bandwidth or have included both the bands simultaneously. Therefore, in this paper we propose a new compact CPW–fed planar monopole antenna that covers the operating bands of both WLAN in IEEE 802.11 b/a/g at 2.4/5.2/5.8 GHz and WiMAX based on IEEE 802.16 at 2.5/3.5/5.5 GHz, while it enables frequency tuning by adjusting the ground dimensions of CPW. The proposed antenna, with fairly small size was designed to operate over the frequency bands between 2.3– 7.6 GHz. It should be noted that the size of the proposed antenna is smaller than that of achieved wideband frequency range.
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3 RESULTS AND DISCUSSIONS



Fig. 1. Antenna geometry and its design parameters (left), Photograph of the fabricated antenna (right).



The analysis and design of this antenna were carried out using a well–known simulator, namely, Ansoft High Frequency Structure Simulator (HFSSTM) [11]. Furthermore, the proposed antenna was fabricated and measured to verify its characteristics. The empirical results validate its wide impedance bandwidth and omnidirectional radiation pattern.



2 ANTENNA STRUCTURE AND DESIGN



At the beginning of this section to obtain the optimum performance from the antenna, design procedure of the proposed monopole antenna with simulated reflection coefficient curves is studied. Note that the proposed structure was simulated using Ansoft HFSS solver. As it will be shown below the performance of the proposed antenna is mainly affected by its geometrical parameters, i.e. radiator shape and CPW ground size. First, the effect of varying the radiated patch on the impedance bandwidth is studied. The characteristics features of the proposed patch and proposed patch without notch are compared to understand the function of the notch in the antenna patch radiator. In order to examine the effect of the patch radiator notch shape on the antenna impedance matching performance, the notch in Fig. 1 was removed while keeping all other antenna dimensions constant. Fig. 2 illustrates the results of the simulation. It can be seen that for the antenna without a notch is only able to achieve an impedance bandwidth with a lower and upper edge frequency of 2.35 GHz and 5.02 GHz, respectively. Therefore, resonance at the upper frequency is caused by placing a notch on the patch radiator. In other words, the notch creates another band to fully cover the required bandwidth of the IEEE 802.11a (5.15–5.35 GHz), and IEEE 802.16d (5.7–5.9 GHz). The upper resonance frequency has dependence on the radius of semicircle notch while the lower frequency still almost keeps the resonance point. Based on the simulation results, when the radius of semicircle notch becomes larger or smaller, the antenna impedance bandwidth decreases. Therefore, the best performance is obtained when the notch radius is 6 mm.



The new antenna configuration with its optimal parameters is shown in Fig. 1 (a). The antenna is located in x–y plane and the normal direction is parallel to the z–axis. The radiation patch which radiates the incident energy across a wide frequency range comprises an inverted semicircle with a rectangular section. An inverted semicircle notch with smaller radius ‘r1’ is also etched under the rectangular section of the radiating element to perturb the resonant response for widening the antenna impedance bandwidth. The input of the antenna is via a CPW feed line. The CPW line has line width and slot width of 2 and 0.5 mm, respectively. To enhance the antenna 10 dB impedance bandwidth, the ground planes of CPW are designed to have unequal lengths that the resonance frequencies can be finely tuned according to the variation of the ground dimensions of CPW. In this study, parameter ‘k’ represents the feed gap (distance between radiating element and larger CPW ground plane), as defined in Fig. 1 (a). Parameter ‘r2’ is the radius of the larger semicircle. The width and length of patch rectangular section are 2×‘r2’ and ‘e’, respectively. The Fig. 2. Effect of the radiating element notch on the antenna impedsmaller and larger CPW ground planes have length of ‘a’ ance bandwidth and ‘b’, respectively. The proposed antenna is fabricated on one side of a standard FR4 microwave substrate with a thickness of 1 mm and relative permittivity of 4.4. The other side of the substrate is devoid of any metallization. The area of the antenna is 23 mm × 20 mm. The photograph of the fabricated antenna is shown in Fig. 1 (b). To minimize the antenna dimensions, the antenna parameters have been optimized. The optimal dimensions of the monopole antenna are set as follows: m = 23 mm, n = 20 mm, a = 2 mm, b = 8 mm, w = 2 mm, i = 0.5 mm, k = 1 mm, r1 = 6 mm, r2 = 7 mm, e = 7 mm. Fig. 3. Effect of the CPW ground length on the antenna impedance bandwidth.
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tenna normalized radiation pattern at 2.4, 3.5, and 5.2 GHz. It is observed that the radiation patterns of the antenna in the H–plane is nearly omnidirectional and almost bidirectional in the E–plane that these results are desirable. It is obvious from these results that the omnidirectional radiation patterns are acceptable across the operating band.
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CONCLUSION



A new compact wideband planar monopole antenna, CPW–fed, is presented for WLAN/WiMAX applications. The antenna occupying a small area of 23 × 20 mm2. The measured reflection coefficient extends from 2.3 to 7.6 GHz and confirms the antenna wideband characteristics. By adjusting ground dimensions of CPW, the range of bandwidth can be obtained across its operating band. The measured radiation patterns indicate that the antenna radiates approximately omnidirectional in the H–plane and bidirectional in the E– plane through its operating band. The proposed antenna has advantages of low cost, compact size, bandwidth tunability and omnidirectional radiation patterns. Accordingly, the proposed antenna can be apFig. 5. Measured radiation pattern of the antenna at: (a) H–plane, and plied to modern wireless communications. Fig. 4. Measured and simulated reflection coefficient of the antenna.



(b) E–plane.
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