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Abstract: This works discuss about the design and development 

of a metamaterial triangular micro strip ultra-wideband antenna 

for C-Band communication. This study includes design and 

performance analysis of patch based antenna to serve C- band 

applications such as satellite communications. In first scenario, 

simple triangular antenna with normal ground plane has designed 

and analyzed. And In second scenario, to improve the antenna 

radiation, ground has altered and replaced with a unit cell 

structure. To further improve the antenna performance Split Ring 

Resonators are incorporated along with radiating patch. In these 

three different scenarios, antenna performance has been 

improved from first scenario to last scenario, while dimension of 

antenna got miniaturized, which is most desirable feature.  The 

antenna gain of antenna in three scenarios is 4.96 db, 5.65 db and 

6.15 db respectively. Antenna radiates over 6-7 GHz frequency 

band in first case, whereas in second scenario it radiates from 5.7 

– 7.1 GHz and in third scenario antenna radiates at 5.6-7.4GHz 

band. This antenna can be placed in limited space. 

Keywords:Metamaterial, Triangular, Unit cell, Split Ring 

Resonator, C-Band, UWB and miniaturization. 

I. INTRODUCTION 

Antenna plays vital role in wireless communication 

system.It exists at both ends of a wireless communication 

system.  As the wireless technology progresses rapidly, to 

serve in accordance to that lot of changes have been taken 

place in antenna design paradigms. Present day 

communications, frequency spectrum has been uplifting into 

Giga Hertz to provide high speed communication to users. 

Thus, ULTRAWIDEBAND (UWB) communications got 

wider attention of researchers. The advantage of high speed 

data rates can help to extended this application into consumer 

electronics.In MSA technology, success rate of wideband 

operation of antenna depends upon the impedance matching. 

Impedance matching is one of the important limitations of 

MSA technology. If antenna behavior is good in terms of gain 
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and impedance matching over a wide band, then it can be 

used to serve for UWB. Because, good gain helps in picking 

up the low power signals which is essential requirement for 

UWB communications; while impedance matching helps in 

effective utilization of spectrum. In premature stages of RF 

development we most relied on bulky and conventional 

antennas. Those structures involve lot of mechanical work to 

get an attained shape. Even though, microstrip antenna 

proposed in 1953 by Deschamps, it took nearly two decades 

to develop a prototype to use in real time communications by 

Howell and Munson. MSA technology has an advantage of 

low cost fabrication, low weight and small in size. Later 

stages different types of MSA have been developed as per the 

need of application such as multilayer antenna, dielectric 

resonator antennas, slot antenna etc.  There are different 

conventional antenna topologies have been emerged to 

support UWB applications in last decade such as introduction 

of Slots [1], parasitic patch [2], modifying patch [3] and etc, 

still there is a dearth for miniaturized good gain antennas. In 

MSA, for top layer conductor, different topologies are 

developed. Among them, triangular MSA has an advantage 

of small size with wide band operations. It fits in almost of 

the area required for square antenna. As compare with other 

topologies triangular micros trip antenna needs a less space 

between array elements. With these advantages in our work 

microstrip patch antenna is chosen as a radiating element to 

effective utilization of space. And to minimize the antenna 

size further new developed metamaterial technology will 

helpful. Section-II discusses about the metamaterial antenna 

technology. C-Band playing very crucial role in space 

communications particularly Earth to Space, Space to Earth 

communications, Aviation and disaster management 

applications. Globally, in C- Band, frequency spectrum range 

from 5.72GHz to 6.72 GHz specifically used for wide area 

satellite coverage. C- band frequency immune to rain fall 

noise and other interference.  The operational cost is also 

comparably economical with other space communication 

bands. C- band has unique advantage as compare L, Ku and 

Ka bands in terms of wide operational bandwidth and 

reliability. C- band cannot be used for terrestrial 

communication thus there is less probable for interference of 

signals. In present trends, space scientists are focusing on 

develop tinny satellites for communication which helps to 

place more satellites in orbit and extended services to various 

segments. In such case, instead of conventional antenna MSA 

technology will help to meet the requirement of less place 

installation.  
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Among many MSA topologies, as discussed Triangular 

microstrip patch antenna needs less space than circular or 

rectangular MSAs. And adding SRR and CSRR concepts 

further helps to miniaturize size with extended band of 

operation.   With these advantages and ideology, C –band is 

considered as a targeted operational band width in this work.  

II. METAMATERIAL ANTENNA TECHNOLOGY 

 In nature, based on the permittivity (ɛ) and permeability (µ) 

materials can be classified into four types as shown in Fig 1. 

The response and behavior of material can be controlled by 

controlling the values of on the values of permittivity (ɛ) and 

permeability (µ). Thus, Metatamaterial concept has 

developed on the basis of controlling the value the value of ɛ 

and µ by altering the structures. Metamaterial has become 

prominent technology in electromagnetic and optics. In 

optics metamaterial lenses are using to cloak the objects. It 

helps during the wars and surveillances to stealth. 

Metamaterial antennas are a type of antennas which use man 

made artificial metamaterials to improve the performance of 

the system. These manmade structures composed of sub 

wavelength constituent elements. These elements help to 

exhibit negative permittivity and permeability 

simultaneously, which are not observed in nature. 

Metamaterials also known as left handed materials or double 

negative materials, the properties are depicted in figure 1.It 

was discussed by Veslego in 1970s, and it was realized by the 

experimental evidence of Split Ring Resonator Circuits by 

D.R. Smith in year of 2000 [4].Due to simultaneous negative 

permittivity and permeability, evanescent wave gets 

amplified, it causes to back ward wave propagation and 

forms Left hand triplet as shown in Figure 2. This 

phenomenon helps to improve the radiation further. In 

Metamaterials, group velocity and phase velocity are anti 

parallel to each other, due to effect wave fronts and energy 

travel in opposite directions. Its structure stores its energy 

and re-radiates the stored energy, thus an antenna with 

features of high gain, high directivity and wide operating 

tunable frequency can be designed.  Split Ring Resonators 

and Complimentary Split Ring Resonator are used in order to 

realize the characteristics of Metamaterials properties. These 

are shown in figure 3 and act as external LC circuit. 

 

 
 

Fig 1. Material representation with respect to ɛ and µ 

 

 
Fig 2. Left hand Triplet 

 

 
 

Fig 3.  (a) Split Ring Resonator (b) SRR equivalent 

Circuit (c) Complimentary Split Ring Resonator and (d) 

CSRR Equivalent Circuit 

Generally Split Ring Resonators are etched at the back side of 

the substrate, to achieve high magnetic coupling between line 

and rings at resonance. In microstrip technology, SRRs 

etched in the upper substrate side, neighborhood of the patch. 

While, Complementary SRRs are used to achieve the 

negative permittivity, it was demonstrated by F.Falcone at all 

[5] based on the concept of Duality. When SRR placed near 

the patch, it gets excited by an external time varying magnetic 

field applied parallel to ring axis, an EMF introduced and 

causes to loop current.  These loop currents are closed 

through distributed capacitances between the concentric 

rings. Thus, SRR behaves LC circuit which can be controlled 

by varying the path length, gap between rings. Thus the 

permeability of the structure can be controlled at the desired 

frequency. In context to this, CSRR controls the parameter 

called  ɛ. Thus modified material properties can be realized. 

SRRs and CSRRs can be designed in many topologies like 

rectangular, circular, U shape and Omega Shape. In this work 

Circular SRR is used on the top side of substrate 

neighborhood of Triangular conducting patch. Section-III 

presents about the design of Triangular microstrip patch 

antenna with specifications.  

III. ANTENNA DESIGN AND TESTING  

As disused in section I, Triangular MSA toplogy is used to 

satisfy the space criteria. To design and analysis of antenna T. 

Alam [6] at all works has considered as a reference model.It 

is understood from the above reference work, the equilateral 

triangular microstrip patch antenna with slots helps to 

improve the bandwidth. And also found that there is scope for 

further miniaturize the antenna dimensions by incorporating 

the SRR and CSRR in same structure. In this work, three 

different scenarios has been investigated to achieve the 

required performance.  
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Those three different shapes are presented in Figure 4. i.e.  In 

first scenario only triangular shaped patch antenna with slots 

is modeled at upper side of the substrate along with unit cell 

at ground. In next model, single circular SRR resonators are 

place neighborhood of upper side of the patch along with unit 

cell structure in ground plane. And in final scenario, antenna 

modeled by placing four SRRs at the corners of the radiating 

patch, which exited by the leaky wave radiation currents of 

the main radiating patch. These SRRs acts as external LC 

circuits as explained in previous section. The antenna design 

scenarios are presented in Figure 4. Antenna designed by 

using wide available dielectric material FR-4. The 

characteristics of the chosen substrate are relative 

permittivity is 4.3, loss tangent is 0.002. Considered Copper 

as a conducting Patch, with height of 0.03mm. Antenna 

modeled and simulated in CST Microwave studio. Size of 

Substrate in mm is 36 X 36X 1.6. Outer triangular Patch side 

length is 15mm. Middle Triangular patch length is 10mm and 

inner Triangular patch side is 4mm. The slots are introduced 

in outer triangular to get interaction of leaky wave with 

SRRs. Radius of the SRRs is 0.8 mm and gap between the 

concentric rings is also 0.8 mm. In unit cell, width of size is 

12.6 mm. These structures have properly placed between two 

used waveguide ports situated on each side of the z-axis. 

Perfect matching boundary conditions were applied along the 

boundaries. Tetrahedral mesh is used to grid the entire 

structure and computed using Transient CEM technique.   

Fabricated antennas are shown in figure 5. Reflection 

coefficient is measured using Agilent vector network 

analyzer.  

 
 

(b) 

Fig 4. (a) Layouts of Antenna Models (b) Fabricated 

antenna 

 
(a) 

 
 

(b) 

Fig 5. First Scenario Antenna Simulation Results 

(a) Return Loss in db (b) far-filed radiation properties 

 
Fig 6. Second Scenario Antenna Simulation Results 

 
Fig 7. Third Scenario Antenna Simulation Results 

 
 

Fig 8. Measured Results of Second and Third Scenario 
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From the Figure 6, In scenario 1, Triangular slotted micro 

strip patch antenna radiating from 5.7GHz to 7GHz i.e. 

bandwidth of 1.3 GHz with a gain of 4.96 dBi, as compare 

with base reference paper a small incremental change in gain 

is observed. It is understood from Figure 7, by incorporating 

single split rings at the top corners of the radiating patch, the 

radiation bandwidth is increased i.e. antenna radiating from 

5.7 GHz to 7.1 GHz with improved gain of 5.61 dBi. By 

comparing with previous scenario, it is observed improved 

bandwidth with enhanced gain in second scenario. To 

continuation to this, toimprove antenna performance further 

4 SRRs are incorporated on the structure at the corners of 

radiating patch with proper placing from EM coupling as 

shown in Figure. This time, antenna bandwidth improved 

further more. Antenna radiating from 5.6 GHz to 7.4 GHz 

with a gain of 6.15 dBi.  After achieved the desired 

charctestics in simulation models, to verify the performance 

of antenna in real time fabricated modeles were developed. 

The fabricated antennas are shown in figure.4 (b). By using 

Keysight Network analyzer S11 parameter are measured and 

presented in Figure 8. Here it is observed that measured and 

simulated results are almost same. And the littlie deviation 

exist may be because of Fabrication errors or feed point 

mismatches. This work leaded to the designof miniaturized 

antenna with reference to considered base models by 

M.Z.M.Zani[7] at all titled “Circular Patch Antenna On 

Metamaterial” and by T Alam at all titled “A Metamaterial 

Unit Cell Inspired Antenna For Mobile Wireless 

Applications [6]”. The Comparison table is shown below in 

table 1. 
Antenna Size of 

Antenna 

in mm 

Bandwidth 

In GHz 

Gain in dBi 

Ref [7] 48X48 4.610-4.811 4.65  

Ref [6] 48X48 1.6–1.97, 

2.34–2.72,  

3.89–5.37 

1.64@1.9 GHz 

2.07@2.45GHz 

4.06@5GHz 

Proposed 36X36 5.6-7.4 
5.7-7.1 

6.0-7.0 

6.15@5.7GHz 
5.61@6.67GHz 

 

4.96@6.34 GHz 

TABLE1: MINIATURIZED ANTENNA SIZE COMPARISON 

IV. CONCLUSION 

From this experimental design studies, proper placing of 

SRRs help to greatly improve the radiation performance of 

antenna, without increasing the size of antenna. SRRs help to 

enhance the Impedance bandwidth of the antenna which is an 

essential feature to radiate the energy throughout the resonant 

frequency. Whereas, Improper placing of SRRs cause to arise 

cross polarization, hence prior care has to be taken before 

placing them.  They are excellent in agreement with very 

little deviations and it also improved beam width. This 

antenna technology can be used at the limited space available 

applications. From 1st scenario to second scenario operational 

bandwidth is increased from 7% to 21% with increased gain. 

Whereas in 3rd scenario it has improved almost 27% as 

compare with previous scenarios. In this work miniaturized 

metamaterial based triangular MSA antenna has developed to 

use at C- band of frequencies.  
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