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ABSTRACT
Omni-directional antennas are useful for variety of wireless communication devices as well as capable of handling
the additional different frequency bands since the radiation pattern allows good transmission and reception from a
mobile unit. However, to implement the two frequencies on a single antenna with wide bandwidth can be significant
because of the presence of mutual coupling and interference effects between the two radiating elements. In this
paper, a novel method of combining dual-band frequencies onto a single layer board with wide bandwidth is
described. A dual-band printed dipole antenna is designed in this study by combining a rectangular and two “L”
shaped radiating elements and are embedded on a single layer structure with relatively small size. The obtained
results show that the proposed dual-band omni-directional micro strip antenna achieves high antenna efficiency and
provides better bandwidth while maintaining the structural compact size.
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I. INTRODUCTION
Wireless Local Area Network (WLAN) application provides communication between a Local Area Network (LAN)
and a client device. According to the IEEE standard for WLAN, the network works at low band (2.4GHz to 2.5GHz)
and high band (4.9 GHz to 5.875 GHz).Therefore, the antenna provided from WLAN must work in these
frequencies. One antenna that can work in these frequencies is more efficient than having many antennas for each
frequency band. There are many devices that require the implementation of the dual-band wireless antenna. An
example of internet service that utilizes the use of dual-band networks is Wi-Fi. If a computer has a wireless card, it
is most likely Wi-Fi compatible, where wireless card transmits to a wireless router, which is connected to a network,
cable modem or DSL modem. Several printed antennas for WLAN applications have been reported in [1–15].A dual
dipole structure, with short element providing resonance at upper frequency band in parallel with a long element
resonating at a lower frequency band, is presented for WLAN 2.4/5GHz application in [1]. Insufficient bandwidth to
cover all the cellular bands is however obtained, and no dual-band (or wideband) characteristic is achieved. The
measured bandwidth in [1] at the lower and upper frequency bands are 9.3% and 5.1%, respectively, which is
insufficient for the targeted applications in this study. In [6], the author proposes the use of a spiraled dipole
structure as a compact dual-band WLAN 2.4/5.8GHzantenna, including a tapered feature. However, the bandwidth
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is too narrow (17% and 10% at 2.4GHz and 5.8 GHz, respectively) to cover all the WLAN bands, and the radiation
pattern exhibits two extra deep nulls compared to a standard dipole. According to the theoretical investigation, the
total effective length of radiating arms is usually as half as that of the operating wavelength. Therefore, reducing the
size of the dipole antenna is significant for the practical WLAN applications. In this paper, a new method of
combining dual-band frequencies onto a single layer board with wide bandwidth is presented. The slots between
radiating elements are employed in this study to achieve the dual-band effect and the wide bandwidth. By
optimizing the radiating element with tapering feature, the printed dipole antenna covering 2400–2500 MHz and
4900–5875 MHz can completely support two standards of IEEE for WLAN. The proposed concept has been
demonstrated with an implementation on low-cost FR-4 (FlameResistant) substrate that covers 2400–2500 MHz and
4900–5875 MHz frequency bands. This study addresses the issue of bandwidth enhancement for a single-sided
printed dipole antenna. The proposed antenna has the advantage of being inherently capable of larger bandwidth as
well as occupying less area in the substrate. Design details of the radiating elements together with the measured and
the simulated results are provided in the subsequent sections. Finally, a conclusion is presented at the end of the
paper.

II ANTENNA DESIGN &GEOMETRY
The upper portion as shown in Figure 1 consists of both high band and low band radiating elements, where the high
band element consists of a rectangular shape that is connected to the tapering feature, such that the rectangular and
tapering feature cooperatively define an arrow shape. The low band radiating element includes two “L”shaped
separated portions and spaced apart from the rectangular portion of the “high band” radiating element by the slot
portions. By adjusting the length and the width for each radiating element, the resonant frequency can be controlled.
The lower portion of the antenna operates as a ground element, which permits the antenna to be ground independent.
Thus, the antenna does not depend on a separate ground element or ground plane. This includes three elements,
which comprise two outer radiating elements with ground element disposed between the two radiating elements. The
elements are generally parallel with each other and extended perpendicular in a same direction.Fig.1 shows the
embodiment of an omni-directional dual-band antenna, which includes the upper and lower portions such that the
antenna is operable to a standard half wavelength dipole antenna at a first frequency range (2.4GHz to 2.5GHz) with
the upper and lower portions each of having an electrical length of about λ/4, where λ is the resonant frequency. At a
second frequency range or high band (4.9 GHz to 5.875 GHz), the antenna is operable essentially to a full
wavelength wavelength dipole antenna with the upper and lower portions each of having an electrical length of
about λ/2. As presented in the figure, the antenna structure consists of two conductive portions, first is the radiating
element (upper portion) and second is the ground element(lower portion). The geometry of the proposed antenna
occupies a volume of 51mm×16mm, which mainly consists of two radiating arms and a rectangular element in
between that is connected to the tapering feature. The antenna is fabricated onto a single-sided FR-4 printed circuit
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board (PCB) with substrate thickness of 0.8mm, tangent factor of0.025, and permittivity (dielectric

constant) of

4.3. Theoretically, a quarter wavelength (without considering losses) can be calculated using following equation:

Where λ is the wavelength, c is the speed of light in vacuum, andfisthe frequency of 2.4GHz. Therefore, the quarter
wavelength obtainedis λ/ 4 = 31.25mm ≈ L1.
Since the antenna is printed on the surface of a substrate, the substrate’s permittivity will influence the resonant
length. To get a good performance, it is required that the resonant dipole to be designed slightly less than half a
wavelength long. A good assumption is 0.47times the wavelength as reported in [16].

Fig. 1 Proposed Antenna Structure

Fig. 2 Geometrical Details of Proposed Antenna for Radiating Elements
for Various

The length of the resonant dipole rdcan be calculated by using the following Equation.

Where v denotes the actual propagation speed on the dipole radials. This speed depends on the effective dielectric
constant of the substrate. The speed can be calculated by using Equation as follows:

Where εeff is the effective dielectric constant of the substrate. Using Equations given above, a printed dipole for
2.4GHz is designed.
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For f = 2.4GHz, the speed on the radials can be calculated using Equation as follows:

With this speed, the length of the resonant printed dipole rdcan be obtained using second Equation as follows:

Therefore, the overall length of “L” shaped element is L1 = 29 mm, which is approximately equal to the value of rd.
In summary, the characteristics of this antenna can be enumerated as follows:
(i) By varying the length of L1 and L2, the wideband operation of the microstrip printed dipole antenna can be
excited with good impedance matching. Based on the obtained simulation results of Figures 3 and 4, as the length of
L1 (“L” shaped element) and L2 (rectangular shaped element) increases, both low band and high band resonant
frequencies will be shifted to the right.
Therefore, the length of L1 and L2 is tuned for the optimum antenna performance.
(ii) At low band frequency range of 2.4 GHz, the antenna is operable such that the “L” shaped radiating element has
electric length ofabout λ/4. However, the electrical length of rectangular element is relatively small; therefore, it is
not considered as an effective radiating element at low frequency range. Accordingly, only “L”shaped element is
essentially radiating at the low frequency range.
(iii) At the high band frequency range of 5 GHz, both “L” and “rectangular” radiating elements are effective
radiators with the“L” shaped radiating element having an electrical wavelength of about λ/2 and the rectangular
radiating element having an electrical wavelength of λ/4.
(iv) The slots are generally an absence of electrically-conductive material between the radiating elements. The slots
are introduced to upper radiating elements, which enable dual-band operation of the antenna. The slots are carefully
tuned so that the antenna can be operable at low and high frequency bands. The tapering feature (“V”shaped) of the
upper portion is designed for impedance matching. For the lower portion of the antenna, the slots are introduced to
achieve wider and deeper bandwidth at low band (2.4 GHz).
(v) Referring to Figure 1, the coaxial cable is soldered directly to the middle element to provide the additional
strength and to avoid current leaking into the outer surface of the coaxial cable. The outer conductor is soldered
along a one and half length of the middle element. The core of the coaxial cable is soldered to the feed location,
adjacent on a portion of the tapering feature of the upper portion.

III RESULTS AND DISCUSSION
The Simulation results of the proposed antenna design are obtained using professional simulation tools. Fig. 3 shows
the Return loss characteristics of antenna w.r.t various values of L1
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Fig.3 Simulated Return Loss of proposed Antenna with various values of L1.
It shows dual band matching quality. The best optimized value of L1 is 30mm. Similarly S11 parameter (Return Loss)
w.r.t various values of L2of this design is given below in Fig. 4

Fig. 4 Simulated Return Loss of the radiating elements for various L2
The reduction of efficiency at the lower frequency band could be further improved by using a more expensive
microwave substrate rather than a standard low-cost FR-4. The typical gain for low band and high band is 1.94 dBi
and 6.25 dBi, which is sufficient enough to cover a widerange. The antenna is configured to achieve of about 2dBi
of gain for2.4GHz and about 3dBi to 6dBi for 5 GHz band. The proposed antenna is designed with relatively small
size and can be easily manufacturable as compared to manufacture of back-to-back dipole antennas that utilize a
double-sided printed circuit board. The typical gain for low band and high band is 1.94 dBi and 6.25 dBi, which is
sufficient enough to cover a wide range.
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IV CONCLUSION& FUTURE SCOPE
This study proposes a new dual-band omni-directional antenna configuration for WLAN usage. The configuration
has several desirable features, such as planar configuration, small footprint, and single layer fabrication. This paper
describes the design in detail and provides sufficient parametric study results, as well as simulation and actual
measurement results to validate the antenna performance. Both the simulated and the measured results show similar
characteristic. With the proposed design, the achieved bandwidth of the prototype antenna is measured at 20% and
33% at low band and high band, respectively, operating over frequency ranges from 2400–2500 MHz and4900–
5875 MHz, for an acceptable VSWR ratio of 2:1.The enhanced bandwidth is achieved with parasitic elements, only
by optimizing the length of the radiating elements, thus providing better bandwidth while maintaining the structural
compact size.Despite of using low-cost substrate, high antenna efficiency has been obtained in this study. The
overall dimension of the antenna is 51mm×16mm; hence, this antenna can be easily integrated in embedded systems
and is suitable for the IEEE standard (802.11b/g and 802.11a) of WLAN or other wireless applications. The antenna
proposed in this study has not only dual-band characteristic but also has wide band characteristic at frequency of
5GHz.

REFERENCES
[1] Balanis, C.A. (2005) Antenna Theory, Analysis and Design, 3rd edition, John Wiley & Sons.
[2] D.D. Sandu, O.G.Avadanei, A.Ioachim and D.Ionesi (2006) 'Contribution to the cavity model for analysis of
microstrip patch antenna', journal of optoelectronics and advanced materials, vol. 8, february, pp. 339-344.
[3] Jolani, F., A. M. Dadgarpour, and H. R. Hassani, “Compact m-slot folded patch antenna for WLAN,” Progress
In Electromagnetics Research Letters, Vol. 3,2008.
[4] Ren, W., “Compact dual-band slot antenna for 2.4/5GHz WLAN applications,” Progress in Electromagnetics
Research B, Vol. 8, 319–327, 2008.
[5] Si, L.-M. and X. Lv, “CPW-fed multi-band omni-directional planarmicrostrip antenna using composite
metamaterial resonators for wireless communications,” Progress In Electromagnetics Research,Vol. 83, 133–
146, 2008.
[6] G. Sharma, D.Shama and A.Katariya (2011) 'An approach to design and optimization of WLAN patch antennas
ofwi-fi applications', International Journal of Wireless Communication, vol. 1, pp. 9-14.
[7] M. F. Bendahmane, M.Abri, F.T.Bendimerad and N.Boukli-Hacene (2010) 'A simple modified transmission
linemodl for inset fed antenna design', International journal of computer science issues, vol. 7, september, pp.
331-335.
[8] P. Jsoh, M.K.Rahim, A. Asrokin and M. Z.Aziz (2005) 'Comparative radiation performance of different
feedingtechniques for a microstrip patch antenna', 205 Asia-Pacific conferences on applied electromagnetcs,
IEEE, pp. 25-40.

84 | P a g e
www.ijarse.com

International Journal of Advance Research In Science And Engineering
IJARSE, Vol. No.3, Issue No.7, July 2014

http://www.ijarse.com
ISSN-2319-8354(E)

[9]J.R.Ojha and M. Peters (2010) ' patch antennas and microstrip lines', in Minin, P.I. Modern UWB antennas and
equipments, Microwave and millimeter wave technologies, 1st edition, Vukovar, Croatia: In-Tech Publishers.
[10]Rathod, J.M. (2010) 'Comparative study of microstrip patch antenna for wireless communication application”,
International journal of innovation and technology, Vol-1, 2003.
[11]V. R.Anitha and S.N. Reddy (2009) 'Design of an 8X1 square microstrip patch antenna array', International
journal of electronic engineering research, vol. 1, no. 1, pp. 71-77.
[12]M. A.Matin and A. I. Sayeed, (2010) “A design for inset fed rectangular microstrip patch antenna”, WSEA
Stransaction on communications, vol. 9, January, pp. 63-72.
[13]T. Huque, K. Hosain, S.Islam and A.Chowdhury (2011) 'Design and performance analysis of microstrip array
antennas with optimum parameters for X-Band applications', International journal of advanced computer
scienceand applications, vol. 2, pp. 81-87.
[14]V. Rajeshkumar, K. Priyadarshini, G.Devakirubai, C.Anitha and P.Snekha (2012) 'Design and comparative
study ofpin fed and line fed microstrip patch antenna for X-Band applications', International journal of applied
information systems(IJAIS), vol. 5, pp. 21-25.

85 | P a g e
www.ijarse.com

