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Abstract 
 

The work presented in this thesis channel through the development of novel microwave 

structures and techniques for realizing compact planar antennas for LTE-band operation. The 

preliminary antenna designs were investigated by modeling microwave patch antenna and 

loading metamaterial split ring structures. The single and dual-band resonant of the antenna 

confirm the advantage of the metamaterial-based antenna for multi-band operation and 

compact. Subsequently, defective grounding technique was analyzed and modeled in the 

antenna design for obtaining a narrow and selective frequency band.  

Further, the design of a miniaturized dual-band planar antenna for LTE application and 

the generation of narrow triple bands using the stacking concept of dielectric resonator and 

metamaterial unit-cell was developed. In the basic antenna design, split ring resonator was 

loaded in the radiating plane of the patch and frequency of resonance was further modified 

with the help of E-shaped stub. The antenna has been fabricated using FR-4 substrate and the 

measured dual bands at 2.11 GHz, and 2.665 GHz are found in a close match with the 

simulated data. By placing a thin dielectric resonator of permittivity εr = 10.2 and thickness 

of 1.27 mm, the separation between the bands is reduced, and two closely spaced narrow 

bands are obtained at 2.217 GHz and 2.28 GHz. A novel metamaterial unit-cell having near-

zero refractive index is designed and mounted above the dielectric resonator. This stack 

configuration generates triple narrow frequency band in the LTE 2 GHz spectrum range. The 

overall size of the proposed antenna is 20 × 25 mm2 and found suitable for narrowband 

communication in the LTE spectrum. 

In the final stage, a compact antenna design with wide spectral frequency diversity in 

wireless system was implemented. Planar antenna using defective ground and coarse 

frequency switching with connected split ring resonator through PIN diodes are presented. 

The antenna design is based on connected radial stubs which form a patch. Slots in the 

bottom plane create a corrugation-like structure. This results in the defective ground which 

contributes to the localization of electric flux at the different areas in the antenna plane for 

multiband operation. The antenna was simulated and fabricated on a 1.6 mm thick FR-4 

substrate. The coarse tuning of the frequency band is tested and compared with the 

simulation data. The measured results depict broadside radiation pattern at different 

frequency bands (like 0.96 GHz, 2.63 GHz, 3.22 GHz) and with a peak gain of 3.72 dBi. The 
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compact size (45 × 45 mm2) and diversity frequency resonance up to pentaband in the 

antenna makes it suitable for LTE and WLAN/WiMAX application systems. 

A Brief Discussion on the State-of-the-Art of Research 
Topic 
 

The invention of an artificial material called metamaterial (MTM) has significantly 

contributed to the development of a miniaturized planar antenna with optimum performance 

for wireless communications systems. Metamaterials are sub-wavelength structures which 

exhibit electromagnetic property opposite of the natural response of material medium 

parameters, i.e., they can possess negative permittivity (-ε), negative permeability (-μ) and 

negative refractive index (-η). V. G. Veselago proposed the first theoretical explanation of 

negative indexed material in 1967 [1]. in the early of the year 2000, Smith et al. [2] 

practically demonstrated periodic split ring resonator (SRR) structures loaded with thin-wire 

rods to produce negative effective permittivity (-ɛeff). The loading of SRR and CSRR 

structure in the radiating or ground plane of the antenna helps to overcome many of the 

engineering challenges in the planar antenna design technique.  

The antennas for fourth generation (4G) long-term evolution (LTE) are under continuous 

development for achieving a compact design with multiple frequency bands. In recent years, 

the high data rate in LTE technology has attracted many personal wireless applications for 

industrial and scientific areas especially in the LTE-A band (2 GHz) [3]. To meet the 

emerging requirements of LTE communication, various microwave techniques along with 

multiple input multiple output (MIMO) mode are reported. I. Dioum et al. [4], introduced a 

novel compact design of 3D inverted-F-antenna (IFA) with MIMO for a dual band of LTE 

700 and LTE 2.5-2.7 GHz. The design of the MIMO antenna with a shaped dielectric 

resonator (DR) solves the problem of achieving a low-frequency band of LTE band [5]. 

Dielectric resonator antennas are popular due to their multiband operation with relatively 

higher radiation efficiency and control in the aspect ratio of physical dimensions. But, it is 

difficult to realized shaped DR, and the cost of fabrication increases drastically. Beside the 

MIMO configurations, LTE tablet computer antenna and smartphone antenna in PIFA 

technology are widely utilized. The antenna developed by K. –L. Wong and coauthors 

explore various designs of the LTE antenna [6-8]. These involve coupled fed stripline 

antenna with inductive coupling through microstrip and lumped elements, two antennas 

mounted on the edge of the metal plane, and dual feed U-shaped open slot antenna at the top 

and bottom edge of the ground plane.  From the literature, it was noticed that metamaterial 
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(MTM) loading into the slotted ground of the antenna is a promising technique for designing 

a low-profile dual-band antenna. In parallel, another artificial structure like electromagnetic 

bandgap structure (EBG) is seen to be integrated into the planar antenna for minimizing 

cross-polarization and improve reflection coefficient [9, 10]. The frequency selective 

surfaces (FSS), MTM as superstrate and by using DRA, confined electromagnetic radiation 

and the resonant frequency of the antenna can be achieved.  

 

 

Problem Definition 
To support the channel capacity in the operating frequencies of the LTE system, 

electrically small antennas are needed in the customer premises equipment (CPE) and 

handheld receivers. New microwave techniques need to be evolved for controlling the 

frequency bands and radiation pattern of the antenna which are of some of the prime 

parameters for fulfilling the specific application need in communication systems. Moreover, 

the integration of wireless standards belonging to Long Term Evolution (LTE), Wireless 

Local Area Network/Worldwide Interoperability for Microwave Access (WLAN/WiMAX) 

into single radio platform is in great demand. 

 

 

Objectives and Scope of the Work 
 
 This research work aims towards the microwave designing techniques for the 

development of a compact planar antenna for primarily LTE communications. The 

performance of the proposed antenna designs is analyzed and compared with the existing 

antenna technology.  The important objectives outlining the research workflow are as 

follows; 

 Simulation of resonant structures and microwave technique for antenna development. 

 Study of metamaterial SRR/CSRR unit-cell, retrieval of material medium parameters. 

 Design and simulation of metamaterial-based antennas for LTE-band operation 

 Geometrical and parametric optimization of the antenna structures. 

 Design, fabrication, and characterization of the prototype planar antennas.  

 Testing of metamaterial-based LTE-band antenna.  

 Performance analysis of the proposed antennas. 
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Research Methodology, Results / Discussion 
 

The research work primarily focuses on the development of the metamaterial-based 

antennas for LTE wireless standards. In this direction, suitable antenna design techniques are 

introduced in this research which can be used overcome many of the principal difficulties 

existing in the engineering of planar microwave antennas. Different antenna topologies in the 

miniaturized configuration are explored and parametrically optimized to meet the reach the 

performance goal desired for LTE-band communication systems. Some of the prototype 

antenna designs with a novel technique are briefly discussed below. 

 

Development of Thin-Layer Dielectric and MTM Unit-Cell 
Stacked SRR-Based Antenna 

 
This part of the research work presents the design of a miniaturized dual-band planar 

antenna for LTE application and the generation of narrow triple bands using the stacking 

concept of dielectric resonator and metamaterial unit-cell. In the basic antenna design, split 

ring resonator was loaded in the radiating plane of the patch and frequency of resonance was 

further modified with the help of E-shaped stub. The corner edges of the patch are chipped 

away which in turn creates a discontinuity in the flow of surface current. By doing so, the 

radiating side along the length Pw1 is reduced, and thereby provides a provision for 

introducing additional stubs as frequency tuning elements. For dual frequency operation, a 

connected split ring resonator is loaded in the top plane of the patch as shown in Fig. 1(a) 

Further, tuning stub in the shape of inverted-E is connected to the non-radiation side of the 

patch which helps in altering the electrical length of the antenna. The antenna is fed by a 50 

Ω microstrip line and has an overall dimension of L × W mm2, i.e. λ0/3 × λ0/4, where λ0` is the 

center of the operating wavelength. 

The modified configuration is then a thin layer dielectric resonator antenna (TL-DRA) in 

which a bare dielectric substrate of relative permittivity εrd = 10.2 and height of h1 = 1.27 

mm is mounted above the SRR patch. The TL-DR has an area of 12 × 12 mm2 as shown in 

Fig. 1(b). The surface current flow in the SRR provides a magnetic current parallel to the 

plane of DR substrate and excites TEδmn resonant modes in the TL-DR. In the final stage of 

the prototype, DR, and frequency selective metamaterial design are placed in stack 
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arrangement over the SRR antenna to take advantage of frequency shifting by the resonance 

condition of DR and a new band generation with the help of unit-cell excitation via the DR. 

   
(a) (b) (c) 

Fig. 1 (a) Top-view of the SRR-based antenna, (b) SRR-based antenna with TL-DR, (c) of 
SRR-based antenna loaded with a stack of TL-DR and metamaterial unit-cell. 

 

Fig. 1(c) depicts the antenna configuration employing DR and metamaterial unit-cell 

altogether for multiband operations. The antenna has been fabricated using FR-4 substrate 

and the measured dual bands at 2.11 GHz, and 2.665 GHz are found in a close match with 

the simulated data as shown in Fig. 2(a).  

 

  
(a) (b) 

 
(c) 

Fig. 2 Comparison of the measured and simulated plot of S11. (a) Bare antenna, (b) TL-DR 
loaded antenna, (c) Unit-cell loaded on TL-DRA. 
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By placing a thin dielectric resonator of permittivity εr = 10.2 and thickness of 1.27 mm, 

the separation between the bands is reduced, and two closely spaced narrow bands are 

obtained at 2.217 GHz and 2.28 GHz. The final stack configuration generates a triple narrow 

frequency band in the LTE 2 GHz spectrum range as shown in Fig. 2(c). The simulated 

radiation patterns of the antenna at different resonant frequencies in E-plane and H-plane are 

compared in Fig. 3. The overall features of the antenna were further analyzed by comparing 

its size and resonant bands with the previously reported antennas. It is found that the 

proposed antenna designing technique is suitable for multi-band operation along with higher 

miniaturization in size.  

 

(a) (b) (c) 
Fig. 3 Simulated radiation pattern in E-plane and H-plane. (a) 2.031 GHz, (b) 2.29 GHz,  
(c) 2.304 GHz. 
 
   

Development Frequency Diversity Antenna With Defect Ground 
and SRR Mode Switching  
 

In this section, a compact planar antenna is proposed to overcome the underlying 

practical difficulties in LTE band antenna technology. The design of the antenna is inspired 

by a printed Yagi-Uda antenna. Defective geometry in the shape of a comb is created for the 

generation of multiple frequency bands. Additionally, Split Ring Resonator (SRR) is placed 

at a suitable position from where outer and inner stub rings are electronically connected to 

the antenna for achieving frequency diversity in the desired spectrum. The overall size of the 

developed antenna is 45 × 45 mm2. The top plane of the antenna consists of a circular patch, 

and multiple radial stubs in ±x-direction and ±y-direction were evolved from the patch as 

shown in Fig. 1a. A square slot was created at the center of the patch to direct RF energy in a 

different direction. The orientation of radial stubs resembles the Yagi-Uda antenna 
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configuration and its operation. A stepped impedance feed line of width 1.5 mm and 

characteristic impedance Z0 = 190 Ω was connected to the antenna for maximum power 

transfer. The ground plane was partially corrugated. 

Moreover, SRR was placed near to the patch. The excitation of SRR from x-direction and 

y-direction using diode D1 and D2 respectively results into a change in the direction electric 

field opposite to the direction of excitation. Therefore, LC-resonance of the SRR modifies the 

electrical length of the patch, and different resonances can be obtained.   

The antenna was fabricated using FR-4 substrate of relative permittivity εr = 4.4 and loss 

tangent tanδ = 0.07 as shown in Fig. 4. The layout of the antenna was printed using 

photolithography, and unwanted metallization was removed with chemical etching. The PIN 

diode D1 and D2 were operated in forward bias using DC bias voltage (Vbias = 0.8). 

 

  
(a) (b) 

Fig. 4 (a) Antenna layout, (b) Image of the fabricated antenna. 
 

The reflection coefficient (S11) of the antenna in different conditions of diode ON and 

OFF was simulated using Time-Domain solver of Computer Simulation Tool v.17 

(Microwave Studio Suite). As shown in Fig. 5(a), the antenna offers pentaband resonance in 

all diode OFF conditions, and it changes S11 profile to dual-band resonance for D1-ON, 

quad-band resonance for D2-ON, and again dual-band resonance for D1-D2-ON conditions. 

In parallel to this, the measured results are found in coherence with the simulated data as 

shown in Fig. 5(b). A slight deviation in the frequency response for D2 biasing and shift in 

the second band (2.47-2.83 GHz) of D1-ON to 1.18-1.23 GHz exist because of the high-

frequency pickup by the biasing wires.  
.  
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(a) (b) 

Fig. 5 Comparative plot of antenna reflection coefficient (S11) for diode ON-OFF Conditions. 
(a) Simulated, (b) Measured. 
 

It is evident from the E-plane radiation pattern plot presented in Fig. 6 that RF energy is 

directed in both end-fire and broadside direction. The measured gain in the band of 1-1.5 

GHz, 2-2.5 GHz, and 2.6-2.9 GHz is around 2.5 dBi, 3.25 dBi, and 3.72 dBi respectively. 

 

   
(a) (b) (c) 

Fig. 6 Simulated E-plane radiation pattern of the antenna at (a) 0.96 GHz, (b) 2.63 GHz, (c) 
3.22 GHz. 
 

It is also in fair comparison with the other reported LTE band antennas. The switching of 

frequency bands demonstrates that frequency diversity can be implemented using the 

proposed antenna. The frequency response of the antenna validates its performance 

compatibility with LTE and WLAN/WiMAX applications. 
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Achievements with Respect to Obejctives  
 
 New LTE-band antenan design were succefully developed by undestanding the 

applicability of metamaterial, dielectric resonantor, mitering stubs and defective ground 

plane techniques. 

 The theory and operation of the LTE-band proposed antenna were simulated in full-

wave EM simuator and verified with circuit simulations. 

 The proper functioning of the proposed prototype antenna were tested by farbicating 

the structures and peforming network analyzer measurements 

 The performance of the realized metamaterial-basedantenan was found improved in 

the comparison of the other reported LTE-band antennas. 

 
 

Conclusions 
 
 The proposed research work on the metamaterial-based antenna shows the applicability 

of metamaterials for the development of compact and performance oriented planar 

antennas for LTE frequency spectrum. 

 The research work was carried out in designing different structure of metamaterial-based 

antennas, and it was found that loading of metamaterial in the radiating plane of the 

antenna plays an important role in obtaining the desired frequency response. 

 The use of a dielectric resonator in thin-layer configuration was proven as a distinctive 

solution for controlling the resonance band of the antenna. 

 Antenna design using DGS and SRR is found useful in generating multi-resonance modes 

for frequency diversity applications.  

 The proposed antennas are exhibiting broadside radiation pattern which fulfills one of the 

challenges in designing LTE-band planar antennas. 

 The measured results show close agreement with the simulation data. Moreover, the 

proposed antennas show compactness in comparison with the other reported LTE antenna 

and the size can be further reduced by engineering the design of metamaterial loaded in 

the antenna radiation plane.  
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