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Abstract: Design of an antenna for wearable application is a challenging task, thus it need to be specially designed to function 
well on while being worn. In this paper, we present a circular loop antenna mounted over High Impedance Surface (HIS) 
operating at 2.4 GHz frequency band for wearable application. The designed antenna is simulated using CST Microwave Studio 
Suite. The antenna is simulated both in free space and four layer model (skin, fat, muscle, bone). It is observed that the VSWR is 
less than 2 and Specific Absorption Rate (SAR) is below threshold value for Cellular Telephones. The efficiency of the antenna 
is better on human hand and SAR simulated value is low. S-parameter, gain and SAR of the proposed antenna were calculated. 
Keywords: wearable, circular loop antenna, High Impedance Surface, Four layer model, Specific Absorption Rate (SAR). 

I. INTRODUCTION 
Due to development of Wireless Communication, many portable handsets has been invented. The recent invention is wearable 
devices such as Smart watch, Google glass, devices for medical application, etc. In medical field wearable devices are used for 
measuring Blood Pressure, Heart rate, Fitness Tracking, etc. The wearable technology has become boon to the society. At the same 
time, wearable antenna face increasing challenge in terms of Specific Absorption Rate. Nowadays, Smart Watches are becoming 
more popular. In recent invention Smart watches [1] act as a wearable computers, which can synchronized with mobile handsets via 
Bluetooth or Wi-Fi. For this purpose, the designated antenna for transmitting/receiving signals should be small and concealed within 
the devices. For design of compact and low profile antenna, AMC (Artificial Magnetic Conductor) based antenna are introduced and 
studied in [2]-[6]. Different types of antenna is used as radiator above the AMC to improve the performance of the antenna. 
Working principle of AC is Image Theory. According to Image theory, when an antenna is placed over a Perfect Magnetic 
Conductor (PMC), the images of currents are in the same direction to the antenna current direction which result in constructive 
Interference. In [2] slot antenna has been designed that operates at 2.45GHz frequency. The efficiency in free space is about 85%, 
not suitable for wearable application. In [3] monopole antenna is designed and it operates at 2.4-2.48 frequency band. The gain of 
the antenna is about 4.2 dB and efficiency in free space and human hand model is not given. In [4] PIFA is designed and the gain 
and efficiency in free space is around 6.3 dB and 50% respectively. In [5] integrated metal frame antenna is designed and it operates 
at 2.4-2.49 frequency band. The efficiency in free space is about 70% and in one layer model the efficiency drastically reduces to 
26%.  In [6] slot antenna is designed, the efficiency in phantom hand is about 65%. Phantom hand is made of bone, but the EM 
waves are absorbed by skin, muscle and fat is not considered. Thus due to these the efficiency decreases rapidly.  The author didn’t 
present the efficiency over four layer model. Comparison of antenna for wearable technology is shown in Table 1.  

Table I 
Comparison of different amc based and wearable type antenna 

Ref. No. Operating 
Frequency 

AMC Based 
(Yes/No) 

Wearable Type 
(Yes/No) 

Gain(Dbi) Efficiency (%) 
In Free Sapce 

Efficiency (%) 
Four Layer Model 

Proposed work 2.4 GHz Yes Yes 4 60 40(four layer model) 
[2] 2.45GHz Yes No Not given 85 - 
[3] 2.4-2.49 GHz Yes No 4.2 Not given - 
[4] 2.4-2.49 GHz Yes Yes Not given <60 <40 
[5] 2.4-2.49 GHz No Yes >3 75 26(one layer) 
[6] 2.4-2.49GHz No Yes 2.58 75 - 
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In this paper, we design antenna over Finite size High Impedance Surface (HIS). Use of HIS [7], [10] helps us to design compact 
and low profile antenna. The antenna is analyzed both in free space and four layer hand model. The SAR value is much lower than 
the FCC threshold for cellular telephones. The proposed antenna is simulated using CST-MWS suite [12]. The rest of this paper is 
organized as follows. First, Section II describes the design of our proposed antenna. Then, Section III result and analysis of 
proposed antenna both in free space and four layer hand model. Finally, conclusion of our proposed antenna in section IV. 

II. ANTENNA DESIGN 
A. Circular His Design 
HIS designed is based on the FR-4 substrate with thickness of 1.6mm ,dielectric constant 4.4 and tangent loss of 0.02. The full 
ground plane is used at the bottom with the thickness of 0.2mm. The   top surface is covered with circular copper rings with period 
gaps in angular direction. The dimensions of the circular HIS plane is shown in the table 2. The top and bottom view of the HIS 
plane is shown in Fig.1.  

Table 2. 
Dimensions of his 

 

 

 

 

    

                                                                                                     
                                                       Fig. 1a. Top view of HIS                       Fig. 1b. Bottom view of HIS               

B. Circular Loop Antenna Design 
The antenna design is also based on the FR-4 substrate with thickness 1.6mm, dielectric constant 4.4 and loss tangent 0.02. The 
bottom surface of the antenna is copper free, while the top surface is mounted with loop antenna made of copper with thickness 
0.2mm. The dimensions of the loop antenna is shown in table 3. The top view of the antenna is shown in Fig. 2. 

III. Table 3. 
Dimensions of loop antenna 

 

 

 

 

 

Parameter Dimension 
D 22mm 

Θ1 84° 
Θ2 6° 
R 3mm 

G1 1mm 

Parameter Dimensions 
LR1 9mm 
LR2 6mm 

R 3mm 
G1 1mm 

Θ2 

G1 

Θ1 
D 

G1 
R 

D+R+2G1 
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Fig. 2 Top view of circular loop antenna 

The configuration of proposed antenna is shown in fig. 3. The antenna is mounted over the High Impedance Surface without any 
gaps in between shown in fig. 3b. The proposed antenna is simulated using CST-MWS studio suite. The simulated results are 
presented in section III. 

                                                                                     

(a)                                                                     (b)                                                                 (c) 

Fig. 3. Configuration of proposed antenna mounted over High Impedance Surface (HIS) (a) Top view (b) Front view and (c) 3D 
View of proposed antenna 

III. RESULTS AND ANALYSIS OF PROPOSED ANTENNA 
A. Antenna in Free Space 
The antenna is fed with 50 ohm mini coaxial cable at point A. The proposed antenna is simulated using CST microwave studio and 
the performance is analyzed in free space. The obtained return loss in free space is shown in Fig. 4. The return loss port 1 is lower 
than -10dB (lS11l <-10 dB). The VSWR value is less than 2. From the farfield results the directivity of the antenna is 6.39dBi. The 
efficiency of antenna in free apace is 60%.The gain of the proposed antenna is 4dB. 

 
                 Fig. 4    Return loss of proposed antenna in free space 

The return loss of the proposed antenna is less than -45dB. This results in low VSWR. Due to low return loss VSWR value is less 
than 2. 
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Fig. 5    Efficiency of proposed antenna 

 
Fig. 6.    Gain Vs frequency 

 
Fig. 7.    Farfield results at phi=90 degree 3D and 2D plot of proposed antenna. 

B.   Antenna over Four Layer Model 
The antenna is place over a four layer hand model. The simulation of the impact of the human tissue on antenna performances was 
performed using a four-layer human tissue model, as illustrated in Fig. 8 The thicknesses of the skin, fat, muscle, and bone are 2, 5, 
20, and 15 mm, respectively. 

 
Fig. 8.    Antenna over four layer model 

The antenna placed above human tissue model at separation of 2mm. The gain is 3 dB and efficiency about 40%. The S-parameter is 
shown in Fig. 9. The directivity of antenna is 7.13dBi. The Specific Absorption Rate (SAR) is measured. The 1g average SAR is 0.8 
which is less than the FCC threshold for cellular telephones. 
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Fig. 9.    S-parameter of proposed antenna over four layer model 

 
Fig. 10.    Efficiency Vs Frequency 

 
Fig. 11.   Gain Vs Frequency 

 
 

Fig. 12.    Farfield results at phi=90 degree 3D and 2D plot. 

From the above results, we can infer that the performance of antenna is better in both free space and in four layer model. The 
efficiency of proposed antenna against human tissue is better when compared to other single –input single-output antenna. The 
design of High Impedance Surface helps us to design compact low profile antenna. 
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IV. CONCLUSION 
A compact and low profile circular loop antenna is designed using High Impedance Surface. The proposed antenna is designed to 
operate in the frequency band of 2.4GHz. Thus the antenna performance is measured in both free space and human tissue model 
using CST simulator. The efficiency of the proposed antenna is better against the lossy human tissue and the SAR value is lower 
than the FCC standard. Further , we planned to implement MIMO technique in future work. 
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