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ABSTRACT 
The new services of mobile broadband system can deal with 

the growth of mobile internet traffic and high data rate. Long 

Term Evolution (LTE) is one of the prospective solutions to 

future mobile broadband systems. In this paper, a novel 

antenna is presented with Split Ring Resonator (SRR) loading 

suitable for LTE in handheld devices. The radiating element is 

Planar Inverted F- Antenna (PIFA) constructed with 2x2 SRR 

array placed in innerside of the top plate. PIFAs are prefered 

to use for communication and handheld devices due to low 

SAR, light weight, etc. The substrate used for this antenna 

design is RT duroid 5880 with r1= 2.2. The patch size is 

10mm x 16mm and the height of the top plate is varied from 

3mm to 6mm. The antenna is designed to operate in the LTE - 

FDD frequency bandsof 3410-3500MHz&3510–3600MHz; 

and LTE-TDD frequency bands of 3400–3600 MHz&3600–

3800 MHz.This paper also presents the effect on the 

performace of antenna in terms of  return loss, VSWR, gain 

and bandwidth due to the height variation of top plate with 

2x2SRR loading. 
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1.  INTRODUCTION 
The growth of mobile internet traffic and high data rate 

demands new services for wireless mobile broadband 

system.Long Term Evolution (LTE) is one of the prospective 

solutions to future mobile broadband systems. LTE bands can 

be categorised based on their dependence like Time Division 

Duplex (TDD) andFrequency Division Duplex (FDD) bands 

[1,2]. Generally, the antenna proposed for wireless devices 

covers wideband of 1.6-2.7GHz but recently, an antenna has 

been designed which support additional 3.4-3.8GHz band [3]. 

Antennas proposed in the previous years for the use in 

wireless devices includes planar monopole,planar inverted-F, 

reconfigurable antenna, slot antenna[5-7].Planar Inverted -F 

Antennas (PIFA) are extensively used for cellular phone 

application and other communication devices due to its 

qualities of low SAR values, light weight and multiband 

operation [8,9]. 

A multiband PIFA has been reported for multiband mobile 

in[10].The majorconcernin designing a PIFA structure is to 

cover the desirable operating bandwidthand to achieve this,the 

height of PIFAgenerally taken in the range of 7-12mm above 

ground plane [11]. The antenna with these values of 

heightaffects appearance of the handsets resultingthicker 

phones. Thus, the height of PIFA can be choosen as small as 

4mm which results in reduction in phone thickness, but results 

in narrow bandwidth coverage [12]. PIFA structure consists of 

a ground plane, a radiating plate i.e. a patch, a feed plate& one 

shorting plate to connect the top patch and the ground plane. 

There are numerous design parameters which can be varied 

and the desired antenna performace is achieved. Some of the 

design parameters are width, length and height of the top 

radiating patch, width and position of shorting  plate, location 

of the feed plate, dimensions of the ground plane. For the past 

few years, many work have been reported on modifying the 

ground plane also by introducing slots on it & using it as a 

radiator along with the main patch [13-15].Several papers 

have been investigated to improve specific performance 

parameters of antennas using metamaterials such as reflective 

surfaces, artificial magnetic superstrates, dielectric slabs, and 

electromagnetic bandgap structures [16-19]. The paper [20] 

shows inclusion of edge-coupled Split Ring Resonator (SRR) 

on the inner side of the top plate.  

2. ANTENNA CONFIGURATION 
The configuration, i.e. the top view of a PIFAis shown in 

figure 1(a) and the bottom view of the patch with SRR 

loading is shown in figure 1(b). The ground plane dimensions 

are LG1 × WG1 and radiating top plate has dimensions LP1 × 

WP1. The antenna is designed on Rogers substrate of thickness 

(t1) = 0.8mm, dielectric constant (εr1) = 2.2 and loss tangent = 

0.009. The width and length of top plate are 10mm and 

16mm, respectively. The width of the shorting plate (Ws1) and 

feed plate (Wf1) is 3mm and 4mm, respectively.The 

geometrical structure of SRR is shown in figure 1(c). 

 

Fig.1(a): Top view of PIFA 

 

Fig.1(b): Bottom view of Patch loaded with SRR array 
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Fig. 1(c): Geometrical structure of SRR 

This work is an extension of the previous work presented in 

[20].SRR have a pair of metallic rings, etched on a dielectric 

substrate, with slits on opposite sides. Each unit can be 

designed & have its own magnetic response. The effect of 2x2 

SRR array loading on top plate of antenna with variation in 

height of top plate is observed.Table1describes the dimension 

of SRR. 

Table 1: Dimension of Split Ring Resonator 

Parameter Dimension(mm) 

r31: Radius of Outer Ring 1.5 

r11: Radius of Inner Ring 0.5 

g1: Gap between inner and outer 

wall of ring 
0.5 

ts: Gap between two rings 0.5 

w1: Slot in the ring 0.5 

3. RESULT AND DISCUSSION 
The 2x2 SRR array is placed in the inner side of the top plate. 

The height is varied in steps of 1mm keeping all other 

parameters constant.The height of the top plate is varied from 

3-6mm and the return loss is observed for all variations. The 

software used for simulation is High Frequency Structure 

Simulator (HFSS). Figure 2(a) shows the return loss 

characterstics of PIFA with SRR loading and height 

variation.As the height of the top plate increases the 

resonating frequency shift towards lower frequency. From 

simulation results, it is observed that at Hp=5mm, the 

resonating frequency is 3.4GHz with bandwith 2GHz. But at 

Hp=6mm, the retrun loss is -33.5dB, resonating frequency is 

2.7dB, and bandwidth is 1.6GHz.  

 

Fig. 2(a):Retrun loss comparison of antenna with SRR and 

variation in height of top plate 

Figure 2(b) shows the return loss comparision of antenna 

without and with SRR loading at Hp=5mm. The SRR slots 

increases the electrical length and decreases the resonant 

frequency. The bandwidth is more at Hp=5mm, the antenna 

with SRR is considered for further observation. As observed 

from figure 2(b), at the height of 5mm without SRR, the 

resonant frequency is 3.6GHz and bandwidth is1.8GHz . The 

return loss of antenna is -25.7dB and -29.5dB withoutand with 

SRR respectively. The slight shift in resonant frequency and 

200MHz increase in bandwith is observed when antenna is 

loaded with SRR. 

 

Fig. 2(b): Retrun loss comparison of antenna with SRR 

and without SRR 

The gain of PIFA discussed in this paper without and with 

SRR loading at Hp=5mm is shown in figure 2(c) and 2(d), 

respectively.Figure 2(e) shows the VSWR plot of proposed 

antenna.The smaller value of VSWR shows the better 

matching and more power is deliverd to the antenna.  

 

Fig. 2(c):Gain of proposed antenna without SRR and 

Height Hp=5mm 
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Fig. 2(d):Gain of proposed antenna with SRR and Height 

Hp=5mm 

 

Fig. 2(e): VSWR plot of proposed antenna 

4. CONCLUSION 
An PIFA antenna is degined and simulated to analyse the 

effects of variation in height of the top plate and SRR array 

loading. For Hp=5mm, the antenna with SRR array loading 

shows frequency band for LTE frequency bands 

designedtooperate in the LTE - FDD bands of 3410-

3500MHz&3510-3600MHz, and LTE-TDD frequency bands 

of 3400-3600MHz&3600–3800MHz. The bandwidth and gain 

observed without SRR loading is 1.8GHz and 1.5dB, 

respectively.  The antenna at Hp =5mm with SRR loading 

shows the frequency band from 2.9 GHz to 4.9GHz. The 

bandwidth achieved for frequency band is 2GHz whereas the 

gain achieved is 1.6dB. The simulated antenna at Hp=5mm is 

possible candidate for Long Term Evolution (LTE) 

application.This antenna is suitable for mounting on the 

mobile phone due to its low profile, small size, and acceptable 

gain. 

5. REFERENCES 
[1] Rahinur Rahman, Khaled MahbubMorshed, 

SumyeaSabrin and MdMostafizur Rahman, Wideband 

Planar Monopole Antenna for LTE, GSM, Bluetooth, 

WiMAX, DCS, PCS, and GPS Mobile Terminals,” IEEE  

2nd International Conference onElectrical Information 

and Communication Technology, pp. 309 – 313, 2015. 

[2]  K. L. Wong, L. Y. Chen, "Small-Size LTE/WWAN 

Tablet Device Antenna with Two Hybrid Feeds," IEEE 

Transactions on Antennas and Propagation, vol.62, no.6, 

pp.2926-2934, June 2014. 

[3]  J.H. Lu, J. L. Guo, "Small-Size Octaband Monopole 

Antenna in an LTE/WWAN Mobile Phone," IEEE 

Antennas and Wireless Propagation Letters, vol.13, no., 

pp.548-551, 2014. 

[4]  Y. L. Ban, C. L. Liu, Z. Chen, J. L. W. Li, K. Kang, 

"Small-Size MultiresonantOctaband Antenna for 

LTE/WWAN Smartphone Applications," IEEE Antennas 

and Wireless Propagation Letters, vol.13, pp.619-622, 

2014. 

[5]  C. H. Chang, K. L. Wong, "Printed-PIFA for Penta-Band 

WWAN Operation in the Mobile Phone," IEEE 

Transactions on Antennas and Propagation, vol.57, no.5, 

pp.1373-1381, May 2009. 

 [6]  K. L. Wong, Z. G. Liao, "Passive Reconfigurable Triple-

Wideband Antenna for LTE Tablet Computer," IEEE 

Transactions on Antennas and Propagation, vol.63, no.3, 

pp.901-908, Mar. 2015.  

[7]  Y. F. Cao, S. W. Cheung, T. I. Yuk, "A Multiband Slot 

Antenna for GPS/WiMAX/WLAN Systems," IEEE 

Transactions on Antennas and Propagation, vol.63, no.3, 

pp. 952-958, Mar. 2015. 

[8] Kin-Lu Wong, “Planar Antennas for Wireless 

Communication”, Published by John Wiley & Sons, Inc., 

Chapter: 2, Page(s): 26-65, 2003.  

 [9]   Y Belhadef, N. BoukliHacene, “PIFAS antennas design 

for mobile communications”, 7th IEEE International 

Workshop on Systems, Signal Processing and their 

Applications, Page(s): 119 – 122, 2011. 

[10]  R. A. Bhatti, Young Sin Shin, Ngoc-Anh Nguyen and 

Seong-Ook Park, "Design of a Novel Multiband Planar 

Inverted-F Antenna for Mobile Terminals,", International 

Workshop on Antenna Technology: Small Antennas and 

Metamaterials, pp. 530-533, 2008. 

[11]   M. F. Abedin and M. Ali, “Modifying the Ground 

Plane and Its Effect on Planar Inverted-F Antennas 

(PIFAs) for Mobile Phone Handsets”, IEEE Antennas 

and Wireless Propagation Letters, vol. 2, Page(s): 226 – 

229, 2003. 

[12] SinhyungJeon, Hyengcheul Choi, and Hyeongdong Kim, 

“Hybrid Planar Inverted-F Antenna with a T- shaped slot 

on the ground plane”, ETRI Journal, vol. 31, no. 5, 

Page(s): 616-618, October 2009. 

[13]  C. Picher, J. Angueral, A. Andújar, C. Puente1, and S. 

Kahng, “Analysis of the Human Head Interaction in 

Handset Antennas with Slotted Ground Planes”, IEEE 

Antennas and Propagation Magazine, vol. 54, no. 2, 

Page(s): 36 – 56, April 2012. 

[14]  Naveen Kumar, Garima Saini, “ A Multiband Pifa with 

Slotted Ground Plane For Personal Communication 

Handheld Devices”, International Journal of Engineering 

Research and Development ,Volume 7, Issue 11, pp. 70-

74, 2013 

[15] Hattan F. AbuTarboush, R. Nilavalan, T. Peter and S. W. 

Chuang, “Small and Thin Inverted-F Antenna with 

Insensitive Ground Plane for Mobile Handsets”, IEEE 

Loughborough Antennas and Propagation Conference, 

Page(s): 109 – 112, November 2010. 



International Journal of Computer Applications (0975 – 8887)  

National Symposium on “Modern Information & Communication Technologies for Digital India (MICTDI) 

 

19 

[16]  H. Attia, L. Yousefi, M. M. Bait-Suwailam, M. S. 

Boybay, and O. M. Ramahi, “Enhanced-gain microstrip 

antenna using engineered magnetic superstrates,” IEEE 

Antenna Wireless Propagat. Letters, vol. 8, pp. 1198– 

1201, 2009. 

[17]  A. Foroozesh and L. Shafai, “Investigation into the 

effects of the patch- type fsssuperstrate on the high-gain 

cavity resonance antenna design,” IEEE Transaction on 

Antennas and Propagation , vol. 58, no. 2, pp. 258–270, 

Feb. 2010.  

[18]  H. Vettikalladi, O. Lafond, , and M. Himdi, “High-

efficient and high-gain superstrate antenna for 60-ghz 

indoor communication,” IEEE Antenna Wireless 

Propagation Letters, vol. 8, pp. 1422–1425, 2009. 

[19]  H. Attia and O. M. Ramahi, “EBG superstrate for gain 

and bandwidth enhancement of microstrip array 

antennas,” in Proceeding of IEEE  International 

Symposium on  Antennas Propagation, pp. 1–4, 2008.  

[20] GarimaSaini, S. S. Pattnaik, “Wideband Planar Inverted-

F Antenna with Circular Split Ring Resonator Loading,” 

accepted in 6th International Conference on Engineering 

and Applied Sciences (ICEAS 2016), to be held in June 

8-10, 2016, Hongkong.  

 

 

 

 

 

IJCATM : www.ijcaonline.org 


