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Abstract — A multiband cpw-fed slot antenna with fractat i rectangular stub is proposed. The
conventional wideband slot antenna was modifiednisgrting the fractal silts in both side of the
rectangular stub. The fractal silts can generatéi-motch frequency that affects to change the
wideband performance antenna to the multiband peebce antenna suitable for applications in
wireless communication systems. In this paper fihetal Hilbert slit with the 0 and®literations
has been employed. The comparisons between siomland measured results are agree well,
resulting from f iteration slit. The § bandwidths of each band include 25.12%, 35.329d, an
17.18%. Additionally, the presented antenna camatpeand cover the applications of DCS1800,
WCDMA 2100, Worldwide Interoperability for MicrowavAccess (WiMAX), Wireless Local Area
Network (WLAN IEEE 802.11a/n), and IMT advance syst(4G mobile communication system).
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1. Introduction

Generally, the designing methods of multiband amenhave two main methods. First
method, the multiband operation is generated bygusiulti-resonators to radiate electromagnetic
wave at operating frequencies. In [1], each of éhresonant frequencies of the antenna was
occurred by each resonator that has different gegniehe CPW-fed monopole antenna in [2] uses
the U-shape parasitic and defect inverted-L pés eh ground plane to create multiband operation.
Another method for design multiband antenna is figation or reconfiguration geometry in
wideband antenna. The slots on the radiating pantchslit on ground plane was proposed in [3],
causing to two notched frequency bands in conveatiovideband antenna, as resulting in
multiband operation. The technique to create natchiequency bands using the slot and slit
inserted on the radiating patch to generate multhEperation was proposed in [4].

Usually, fractal geometry is used for designing #ntenna to achieve the multiband,
broadband and compact size [5]. In [6], the radipline of monopole antenna is modified with
Koch fractal geometry by increasing the electriealgth of monopole to reduce the antenna size.
The patch monopole with Minkowski fractal geometygis proposed in [7]. The fractal geometry
generates suitably multiband operation for UMTS,AM,. and WiMAX. Also, the applying fractal
geometry on ground plane of slot antenna in [8]dffected to increase bandwidth of antenna.

This paper proposes a multiband CPW-fed slot awatevith fractal slit in rectangular stub.
The multiband operation of the slot antenna isiobthby modifying conventional wideband slot
antenna. For notched frequency of wideband slatrera usually uses a stub or slit to create one
notched frequency [9, 10]. However, this reseassfractal geometry to create slit for occurring
multi-notched frequency in wideband operation, tesy in multiband antenna. The proposed
antenna covers in the application bands of DCS1{8000-1880 MHz), WCDMA 2100 (1710-2155
MHz), WiMAX (3.3-3.8 GHz), IMT advanced system of &eneration mobile communication
system (3.4-4.2 GHz), and WLAN |IEEE802.11a/n (5-328R25 GHz). The effective parameters of
the proposed antenna will be investigated by sitinriahat uses the full wave method of moment
(MOM) software package, IE3D program. The prototypd#enna with optimum values of the
antenna parameters is fabricated and experimeAtidtitionally, the proposed paper is as follows.
In section 2, the method of antenna configuratiah ke explained, while the simulated and
measured results will be discussed in sectiongd34an



2. Antenna Design

The proposed slot antenna is designed and fabdaat an inexpensive FR4 substrate with
thickness oh = 0.8 mm and relative permittivity of 4.2. The geairy of proposed multiband slot
antenna is depicted in Fig. 1(a). Typically, a emtional wideband slot antenna consists of the
rectangular stub with dimension of 10x25 nimaxW,). It is fed by 50Q CPW-fed line with strip
width and distance gap of 7.2 mW) and 0.48 mm, respectively. In order to createudtiband
slot antenna with fractal slit on rectangular stile, Hilbert fractal model [5] is used to createadr
slits at the both side in horizontal axis on thetamgular stub as shown the 0 iteration and the 1
iteration Hilbert slit line in Fig.1(b). Thereforéhe return loss of antenna with 0 arifliteration
fractal slit and without slit in the rectangulaulstis illustrated in Fig. 2(a). It has been fouhdtt
there is not notched frequency in the antenna witltit, while the antenna with 0 andl iteration
fractal slit have 2 and 3 notched frequencies,aetbely. In order to adjust the notched frequency,
the effective parameter af, L,, andSwill be observed. The alternating notched freqyeancthe
next section and the optimal parameters of theqeeg antenna are following/ = 48 mm,L = 50
mm,Wg =39.8 mm, W, =9.9 mm, Iy = 9 mm,Lg = 20.6 mmMWs = 7.42 mmLy = 7.72 mm,
W = 15.84 mm L = 19.28 mmW; = 2.2 mmW,= 3.2 mm, and.; = 7.3 mm.

3. Simulation and experiment

This section discusses the investigation on thec#ife parameterd;, L, and S
respectively, as shown in Fig. 2. As the increagpagameter ol ; depicted in Fig 2(c), it has
affected to all notched frequencies shifted toHigger frequency, resulting from the decreasing the
electrical length in the slit. Moreover, the retlioss level in the first band is enhanced due ¢ th
improving coupling effect between the fractal slitsthe rectangular stub. Also, the result of
varying parametel, is examined and investigated in Fig.2(d). It isiobsly found that the" and
3 notch frequencies are shifted to higher frequeasythe parameter, is abated due to the
reducing electrical length of slit. However in FRfe), the decreasing parame$has affected to
the all notched frequencies, which the all notcfrequency shifted to lower frequency resulting
from the extending electric coupling in the gapfrafctal slits. Therefore, the optimal values of
parameterd; = 5 mm,L, = 11 mm, andS = 0.1 mm are decided for covering the operating
frequency bands of 1.7 — 2.34 GHz, 3.27 — 4.34 ,Gird 5.42 — 6.3 GHz for the applications of
DCS 1800 (1710 — 1880 MHz), WCDMA 2100 (1710 — 2MHz), WIMAX (3.3 — 3.8 GHz),
IMT advanced system or 4th generation (4G) molal@munication system (3.4 — 4.2 GHz), and
WLAN IEEE802.11 a/n (5.725 — 8.825 GHz). Then, dpimal values of parameters are used to
manufacture the antenna by milling machine. Thetqgdraph of prototype antenna is depicted in
Fig. 1(c). The simulation and measured return sddhe antenna are illustrated in Fig. 2(b)slt i
obviously seen that the different between simutaiod measured return losses of antenna occurs
because of the manufacture and the effect of an $btkector to feed the antenna. As shown in
the results, it has been found that the propostshaa can respond to the operations of DCS 1800,
WIMAX, IMT advanced system or 4th generation (4&hihe communication system, and WLAN
IEEE 802.11 a/n. In addition, the measured X-Z elamd Y-Z plane radiation patterns are
displayed in Fig. 3. It is clearly noticed that tkeZ and Y-Z plane patterns at all operating
frequencies are almost the bi-directional radiatjwatterns with occurring the peak gain at
approximately 0 and 180 degrees. However, the cpadarization in X-Z plane patterns are
expanding as increasing frequency due to the higrder mode of the operating frequency in the
slot antenna. Moreover, the average gains of medgesults are above 2 dBi at each operating
frequency band, as summarized in table 1.

4. Conclusion

The slot antenna with rectangular stub modifiedHipert fractal slit line for the multiband
wireless communication application is presenteds tlearly noticed that the notched frequency of
the presented antenna can be alternated by ef#egtivameters df;, L,, andS Furthermore the



antenna radiation patterns are bi-directional pastat all of operating frequencies, which can cove
the applications of DCS 1800, WCDMA 2100, WLAN IEED2.11 a/n, WIMAX, and IMT
advanced system of"4eneration (4G) mobile communication system.
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Figure 1: The geometry of the proposed antennav@jll geometry (b) rectangular stub with
Hilbert fractal slits and (c) prototype of proposadenna.
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Figure 2: Measured and simulated return loss refulin antenna design and investigation.
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Figure 3: Measured radiation patterns of the preg@ntenna. (a) 1.8 GHz, (b) 2.1GHz,

(c) 3.5GHz, (d) 3.8GHz, and (e) 5.8 GHz.

Table 1 : Measured gains of proposed antenna feratipg frequency

Antenna gains at operating frequencies (dBi)

1.8 GHz

2.1 GHz 3.5 GHz 3.8 GHz

5.8 GHz

2.12

2.7 3.7 3.6

1.6






