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Abstract: In this paper, a novel design of inset-fed rectangular microstrip antenna is simulated, designed and optimized to get a 
Hexa-band operation frequency. The antenna top portion consists of a L-shaped slit loaded rectangular radiating patch and a H-
shaped slot is loaded in the ground plane. This  antenna is resonates at six different frequencies of 1.5 GHz, 2.4 GHz, 4.3 GHz, 
5.5 GHz, 7.9 GHz and 9 GHz with -10 dB return loss having impedance bandwidths of BW1=13.33%,  BW2=5% , BW3=6.5%, 
BW4=6% , BW5= 4.9%  and BW6= 15.6%. The proposed antenna is fabricated on commercially available low cost FR-4 
substrate with relative permittivity of 4.4 having physical size of 40 × 30 × 1.6 mm3. The antenna produces broadside nature 
radiation pattern with maximum gain of 5.68 dB. The antenna finds applications in GPS, WLAN and X-band communications. 
Keywords:  Hexaband, L-shaped slit, GPS, WLAN,  

I. INTRODUCTION 
Microstrip antenna was first introduced in 1970 and from there the technology becomes the most rapidly developing in the field of 
wireless communication because of their many tremendous features and advantages [1]. The main advantages of microstrip antennas 
which increases the interest of researchers in this field are due to its low profile, low cost, compact size, ease of fabrication, 
installation etc., [2]. Microstrip patch antennas are extremely compatible in hand held devices such as cellular phones and pagers [3]. 
Due to increased demand of wireless communications, the need of compact microstrip antenna with dual and tri-band characteristics 
and the antenna with multiband characteristics also increased [4]. To achieve these multiband characteristics of microstrip antenna, 
many efforts have been made by the researchers in recent years. The techniques such as loading of notches, slots, slits, fractal 
structures etc., are used to design multiband antennas [5-7]. By introducing these different types of methods and techniques in the 
geometry of microstrip patch antenna and proper selection of feeding technique helps to achieve the multiband characteristics easily 
[8]. A multiband characteristic helps the antenna to be used in various wireless applications such as Wi-Max (World Interoperability 
for Microwave Access) frequency band ranges 2.5 GHz (2.5-2.69 GHz), 3.5 GHz (3.4-3.69 GHz) and 5.8 GHz (5.25-5.82 GHz), 
WLAN (Wireless Local Area Network) frequency band ranges 2.4 GHz (2.4-2.48GHz), 5.2 GHz (5.15-5.35 GHz) and 5.8 GHz 
(5.725-5.825 GHz) and Bluetooth at 2.4 GHz [9-11]. On the other hand,  microstrip patch antennas with printed slots fed by 
different feeding techniques have several advantages over conventional microstrip patch antennas. Slotted patch antenna exhibits 
low radiation loss, low dispersion and wider bandwidth as compared to conventional microstrip patch antenna [12-14]. Also, 
research attention is focused in the field of radio frequency identifications and microwave energy harvesting since they reduce the 
number of antennas and space usage [15]. In this paper, we propose multiband (Hex) antenna. The details of the antenna design, 
simulation and experimental results are discussed in the next section. 

II. ANTENNA DESIGN 
The geometry of the proposed hex-band antenna is shown in the Fig. 1. The antenna geometry is printed on 40 × 30 mm2 a 
commercially available low cost FR-4 epoxy substrate of dielectric constant of εr = 4.4 with thickness of h = 1.6 mm. The antenna 
consist of a rectangular radiating patch with L= 40 mm and W= 30 mm which is fed by simple 50Ω inset-fed microstrip line of feed 
length Lf =17.18 mm and Wf = 3.17 mm on the top surface of the substrate and bottom of the substrate ground plane is used. Good 
impedance matching is achieved between radiating patch and 50Ω microstrip line by optimizing an offset width of IW = 1.53 mm 
and length of   IL= 5.98 mm of the inset feed line. 
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Fig.1. Geometry of the proposed hex-band Inset-fed rectangular microstrip antenna 

Further, to achieve hexa band operation, optimized L-shaped slit is inserted on radiating patch with LW=6.8  mm, Ll=20  mm and a  
H-shaped slot in the ground with HL= 7 mm HW=0.5 mm Hd=3 mm. The proposed antenna model is designed by using 
commercial available Ansys HFSS electromagnetics simulation tool [16]. The optimized antenna dimensions are given in Table I. 
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Dimensions 
(mm) 

40 30 11.5 3.17 17.18 1.53 5.98 1.6 20 6.8 7 0.5 3 

III. RESULT ANT DISCUSSION  
The impedance bandwidths over return loss less than -10dB for the proposed antenna is measured. The comparison of simulated 
and measured frequency versus return loss characteristics of hexa-band rectangular microstrip patch antenna is shown in Fig. 2. 
From the figure, it is clear that the antenna is resonating at six different frequencies 1.5, 2.4, 4.3, 5.5, 7.9 and 9 GHz with return 
loss of -10dB  having impedance bandwidths of  BW1=13.33% , BW2=5% , BW3=6.5% , BW4=6% , BW5= 4.9%  and BW6= 
15.6%  respectively. 

 
Fig. 2. Variation of return loss versus frequency of the proposed Hexa-band antenna 
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The behaviour of surface current distributions of the proposed antenna at their respective resonating frequencies is shown in Fig. 3. 
From the figure it is noticed that the current path is mainly distributing along the feed line and slightly near the L-shaped slit of the 
radiating patch. 

 
(a)                                            (b) 

 
                                                                              (c)                                               (d) 
Fig. 3. Simulated surface current distributions of the proposed hexa-band antenna observed at (a) 1.5 GHz, (b) 2.4 GHz, (c) 4.3 GHz 

(d) 5.5 GHz 

The typical radiation patterns of  E-plane co-polar and cross-polar  of the proposed antenna is measured at their resonating 
frequency and is depicted in Fig.4. The figures indicate that the antenna shows nearly linearly polarized and broader side nature 
radiation characteristics. 

 
(a)                                                          (b) 
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(c)                                                        (d) 

 
(e)                                                             (f) 

Fig. 4.  Typical E-plane co-polarization and cross- polarization radiation patterns of the proposed antenna measured at (a) 1.5 GHz, 
(b) 2.4 GHz, (c) 4.3 GHz, (d) 5.5 GHz , (e) 7.9 GHz and  (f) 9 GHz 

 
IV. CONCLUSION 

In this paper, a hexa-band inset-fed rectangular microstrip antenna with L-shaped slit on radiating patch and H-shaped slot in ground 
is discussed. At each resonating frequency point, a moderate bandwidth is achieved. The proposed antenna has broadside nature 
radiation pattern characteristic with maximum gain of 5.68 dB. Hence, the proposed antenna is simple in construction and with low 
cost substrate material. This antenna may finds application in GPS, WLAN, and X-band communications. 
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