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Abstract - The growth of modern wireless system has pushed the designer to design miniaturized antenna. Among the 
various types of antenna microstrip patch antenna plays an important role in miniaturization. Also, the selection of the most 
suitable substrate for an antenna is a matter of prime importance. The substrate properties such as dielectric constant, loss 
tangent have a pronounced effect on the antenna characteristics. This paper presents the comparative analysis of testing and 
simulated result of return loss, VSWR, gain and directivity of a I shape slot antenna for FR 4 substrates with dielectric 
constants of 4.4. The I shape microstrip antenna fed by coaxial feed is designed at ISM band (2.4GHz) for body area network 
applications. 
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I. INTRODUCTION  

 
A Wireless Body Area Network (WBAN) allows the 
integration of latest technologies, miniaturization in 
electronics, low-power sensor nodes in and around a 
human body to monitor and sense the physical, 
chemical and biological changes in the human body 
and also the surrounding environment [1]. A WBAN 
provides continuous health monitoring of patients 
under natural physiological states and maintain daily 
records. It can develop a smart and intelligent health 
care system that will be a part of the diagnostic 
procedure, used to detect chronic conditions 
beforehand, and also can handle any emergency 
events. The sensors of a WBAN can measure 
electrocardiogram, respiratory rate, EEG, body 
temperature, EMG and blood pressure. A WBAN can 
be adequate for any emergency case because it 
automatically sends data about a patient's health 
condition so that physician can prepare and give 
proper treatment immediately[2].These new implant 
technologies require a communication link between 
the in-body device and external monitoring and 
control equipment. In such a system we have to 
design the antenna that must be in small size and also 
to provide better performances than antenna operating 
in the free space environment.  
 
II. ANTENNA SHAPE 
 
The wearable antenna proposed in this paper is a 
microstrip patch antenna. Generally, many shapes are 
there in microstrip antenna. Common microstrip 
antenna shapes are square, rectangular, circular and 
elliptical[5]. In this paper rectangular microstrip 
patch antenna is designed in which the dielectric 
substrate is FR-4. Fig 1 shows the rectangular 
microstrip antenna using coaxial feeding [9]. Also, 
the dimensions of the antenna may vary from each 
substrate.  
A performance of microstrip antenna is based on  
thick dielectric substrate and  low dielectric constant 

which  provides  better efficiency, bandwidth and 
radiation pattern [4-5]. 
The substrate used in microstrip patch antenna has 
varied dielectric constant, ranging from 2.2 ≤ Ɛ ≤12 
[3]. Lower the permittivity of dielectric material, then 
the larger size of the antenna, but it achieves better 
efficiency and high bandwidth [5], [7], [9], [12].          

 
Fig. 1 Rectangular microstrip patch antenna having coaxial 

feeding. 
 

III. DESIGN CONSIDERATIONS 
 

In this section, examining the performance of an I-
slot microstrip patch antenna with slots has been 
designed with dimensions W (mm) x L (mm) [13]. 
The dielectric constant of the substrate is εr = 4.4 and 
thicknesses of the substrate is h = 1.2 mm. To design 
an I-slot microstrip patch antenna with slots the width 
is critically important in terms of power efficiency, 
antenna impedance and bandwidth. It is largely 
dependent on the operating frequency and the 
substrate dielectric constant. In the rectangular 
microstrip antenna, it becomes an I-shaped patch by 
cutting slot in it. The I-shaped microstrip patch 
antenna is simpler in construction. The geometry of I-
shape microstrip antenna with slots is shown in Fig 2 
and the dimensions are given in Table 1 for FR-4 
substrate. 
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Fig. 2 Geometry of I Shape Slot Patch Antenna 

 

 
Design parameters FR-4 substrate 

Patch length(mm) 28.83 

Patch width(mm) 47 

Substrate thickness(mm) 1.2 

Dielectric constant 4.4 
Ground plane and substrate 
dimensions length*width 
(mm) 

52.8*65.5 

TABLE 1: DIMENSIONS OF I SLOT ANTENNA FOR 
VARIOUS SUBSTRATE 

 
A.   Structure of I Slot Patch Antenna in HFSS 
The microstrip patch antenna design is shown in below Fig 3 which is designed using HFSS software [16].It 
consists of patch on one side and ground plane on the other side. 
 

 
 

Fig. 3 Design of I slot patch antenna in HFSS 
 

B.  Simulations Result 
The patch antenna is simulated using HFSS software and its return loss is evaluated. Generally measured at the 
input of the feed connected to the antenna, for maximum power transfer the return loss should be a small as 
possible, this means return loss should be large negative number as possible. The above designed antenna shows 
a good return loss approximately -20 dB which is shown in the Fig 4. 
 

 
 

Fig. 4 The simulated return loss of the I slot antenna. 
 



International Journal of Advanced Computational Engineering and Networking, ISSN(p): 2320-2106, ISSN(e): 2321-2063 
Volume-6, Issue-2, Feb.-2018, http://iraj.in 

Design of Patch Antenna for Wban Application 
 

57 

This VSWR parameter is uesd for matching and tuning of the transmitting antenna. For practical applications 
the value of VSWR lies between 1 and 2. The VSWR of I slot patch antenna is shown in below Fig 5. This plot 
shows that the value of VSWR  is 1.7. 
 

 
 

Fig. 5 The simulated VSWR of the I slot antenna. 
 

Gain is defined as the ratio of intensity in the given direction to the radiation intensity that could be obtained if 
the power is accepted by the antenna is radiated isotropic ally.  The simulation result of the gain obtained is 4.01 
and is shown in the Fig 6. 

 
Fig. 6 The simulated gain of the I slot antenna  

 
Direcitivity shows the amount of radiated energy to a specific direction,usually the maximal energy.generally 
D>1, except in the case of an isotropic antenna for which D=1. An antenna with the directivity D>>1 is called 
directive antenna. The simulated antenna design gives the directivity of  5.4 dB at 2.4 GHz. Fig 7 shows the 
simulated result of directivity.   

 
Fig. 7 The simulated directivity of the I slot antenna 
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C.  Tested Results using Network Analyzer 
The designed I shape patch antenna for WBAN 
application using FR-4 substrate having coaxial 
feeding is thus fabricated and tested. Here, the testing 
is necessary to check the results obtained through the 
simulation. The simulated S11 parameter operating at 
2.4 GHz is -20 dB. There will be some losses due to 
connector loss or small error occurred during the 
fabrication. But there is no large variation results 
while comparing the simulation result with tested 
result. Here the tested result for S11 parameter is -21 
dB shown in Fig 8. Similarly the simulated VSWR 
value is 1.7 and the testing result is 1.18 at 2.4 GHz 
shown in Fig 9. 

 

 
 

Fig. 8 Measured return loss value 
 

 
 

Fig. 9 Measured return VSWR value 
 

 
Fig. 10 Photography of fabricated antenna in front view 

 
 

Fig. 11 Photography of fabricated antenna in back view 
 

The designed and fabricated I-slot antenna operates at 
2.4 GHz ISM band is used for WBAN application. 
FR-4 is used as the substrate with 1.2 mm thickness 
and it has the dielectric constant value of 4.4. The 
antenna is fabricated using PCB technology. The 
photograph of fabricated antenna front view is shown 
in Fig 10 and the back view is shown in Fig 11. 
 
CONCLUSION 
 
The I-Slot antenna has been developed and the 
simulation results of the proposed antenna on the 
metal plane in the printed compact antenna make a 
strong effect on the antenna’s operating resonance 
modes. In this work the I-slot microstrip antenna is 
being proposed & design is being simulated using 
FR4. When FR4 is being used as substrate the return 
loss, vswr & gain is obtained is -20 dB, 1.7 & 4.0 dB 
respectively at operating frequency 2.4 GHz (ISM 
band) for body area network application and the 
bandwidth is increased up to 12%. These antennas are 
simulated using the HFSS version 13.0. But there is 
no large variation in results while comparing the 
simulation result with tested result. 
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