
IJSRD - International Journal for Scientific Research & Development| Vol. 3, Issue 02, 2015 | ISSN (online): 2321-0613 

 

 

All rights reserved by www.ijsrd.com 1338 

UWB and Reconfigurable Antennas for Cognitive Radio Application 

Using MEMS Technology 
Ms. Vijayakumari. D

1
 Ms. Dhivya. K

2
 Mr. Mageshkumar. S

3
 

1,2
Assistant Professor 

1,2,3
Department of Electronics And Communication 

1,2
R.M.K College of Engineering and Technology

 
R.S.M. Nagar, Chennai 

3
Philips Innovation Campus  

Manyata Tech Park, Bangalore
Abstract— A survey on ultrawide band and reconfigurable 

microstrip patch antennas for cognitive radio application is 

discussed in this paper. Cognitive radio is an intelligent 

wireless communication system that is aware of its 

surrounding environment(i.e., outside world), and uses the 

methodology of understanding-by-building to learn from the 

environment and adapt its internal states to statistical 

variations in the incoming RF stimuli by making 

corresponding changes in certain operating parameters (e.g. 

transmit-power, carrier-frequency, and modulation strategy) 

in real-time. For the realization of a CR system, wideband 

and narrow band antennas are required. A UWB antenna is 

considered for the wide band operation and they are those 

systems which cover a large spectrum in the range of 

3.1GHz to 10.6GHz and are used for sensing vacant slots in 

the spectrum. Reconfigurable antennas usually frequencies 

reconfigurable are considered as narrow band antenna which 

is used for transmission of data through the vacant slots 

sensed by the wide band antenna. MEMS technology 

provides efficient path to achieve ultra wide band antenna 

coverage and can be used in faster wireless communication 

applications. 
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I. INTRODUCTION 

During the last few decades, the severe shortage of radio 

spectrum has been the main motivation always used by 

researchers in the field of wireless communications. It has 

been believed that this shortage is mainly due to the physical 

scarcity of radio spectrum and due to the rapid spread of 

diverse devices with wireless-interaction capability, such as 

mobile phones, laptop computers, home appliances, wireless 

tags, etc. Traditional and common approaches to solve this 

problem have been to increase the number of bits that can be 

transmitted per unit time and frequency, resulting in high 

capacity within a given frequency bandwidth. To this end, 

considerable research effort and fund have been spent to 

develop advanced wireless access technologies, and a lot of 

research is still ongoing all over the world. However, a 

recent report published by the federal communication 

commission (FCC) in US has shown a surprising finding, 

which highlights a different cause of the shortage of 

frequency resource: “In many bands, spectrum access is a 

more significant problem than physical scarcity of spectrum, 

in large part due to legacy command-and-control regulation 

that limits the ability of potential spectrum users to obtain 

such access”. Thus, the large part of the licensed spectrum is 

not utilized most of the time and space, and the frequency 

spectrum is actually abundant. We have been trying to put 

more signals into congested frequency bands even if there 

are almost free frequency bands next to them. This 

paradoxical fact has resulted from the complicated and old 

regulations, which prevent us from utilizing more flexible 

and open access to these abundant bands. Apparently, in 

order to increase the efficiency of our natural spectrum 

resource utilization, more flexible spectrum management 

techniques and regulations are required. The emerging 

feature-rich and high-data-rate wireless applications have 

put this increasing demand on radio spectrum. The scarcity 

of spectrum and the inefficiency in its usage, as caused by 

the current radio spectrum regulations, necessitate the 

development of new dynamic spectrum allocation policies to 

better exploit the existing spectrum. The current spectrum 

allocation regulations assign specific bands to particular 

services, and grant licensed band access to licensed users 

only. Cognitive Radio (CR) will revolutionize the way 

spectrum is allocated. 

II. UWB ANTENNAS 

The band allocated to communications is a staggering 7.5 

GHz, by far the largest allocation of bandwidth to any 

commercial terrestrial system. UWB is defined for a 

frequency range of 3.1GHz to 10.6GHz. The FCC UWB 

rulings allocated 1500-times the spectrum allocation of a 

single UMTS (universal mobile telecommunication system) 

license, and, worse, the band is free to use. The effort to 

bring UWB into mainstream was greeted with greater 

hostility because of two reasons, a) the enormous bandwidth 

of the system meant that UWB could potentially offer data 

rates of the order of Gbps and b) the bandwidth sat on top of 

many existing allocations causing concern from those 

groups with the primary allocations. One of the enormous 

potentials of UWB, however, is the ability to move between 

the very high data rate, short link distance and the very low 

data rate, longer link distance applications.         

Four techniques are applied for good impedance 

matching over the UWB range: 1) the specially designed 

patch  shape, 2) the tapered connection between the patch 

and the feed line, 3) the optimized partial ground plane, and 

4) the slots whose design is based on the knowledge of 

fractal shapes. Besides achieving wide bandwidth there are 

many issues involved in designing of UWB systems, such as 

antenna design, channel model, and interference. UWB 

antennas must cover an extremely wideband of 3.1-10.6 

GHz (lower band 3.1-5.1 GHz, upper band 5.85-10.6 GHz) 

for the indoor and handheld applications, have electrically 

small size, and high efficiency.  

This type of antenna can be easily matched over 

3.1 to 10.6GHz. But the main issue is the radiation pattern 

degradation of this antenna at higher frequencies. This 

degradation causes error in many applications such as high-

accuracy positioning systems, portable devices, and 
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cognitive radio systems, which require stable 

omnidirectional radiation pattern over the whole UWB 

frequency band. This can be improved with the help of using 

a circular shaped ground. 

III. RECONFIGURABLE ANTENNA 

The gain-bandwidth limitation of electrically small antennas 

is a fundamental law of physics that limits the ability of the 

wireless-system engineer to reduce the footprint of the 

antenna while maintaining or increasing its efficiency. A 

revolutionary approach to circumventing that limitation is to 

construct a small, highly efficient antenna with a narrow 

instantaneous operating bandwidth that can be tuned over a 

much wider operating bandwidth. The concept was first 

implemented for small, low-profile antennas that provide 

adequate gain over the UHF Satcom band (240 to 320 MHz) 

in high-performance military aircraft, where weight and size 

are significant design constraints. The antenna employed 

solid-state switch elements, namely PIN diodes, to 

dynamically adjust the effective electrical size and, hence, 

the operating frequency of a microstrip patch antenna over a 

large frequency band while maintaining an excellent 

impedance match and efficiency. Although the approach 

appear to increase the complexity and expense relative to a 

conventional passive antenna, a more thorough analysis 

reveals advantages in cost and system architecture design 

for current 3G systems. Indeed, we have found that 

selectivity of the reconfigurable antenna provides filter-like 

performance so that duplexing, diplexing and band pass 

image rejection may be absorbed into the antenna. That 

simplifies the transceiver architecture, reducing cost, 

enhancing quality of service and reducing requirements on 

prime power. 

IV. RF-MEMS SWITCH 

Micro Electronic Mechanical System (MEMS) based 

technology normally includes a substrate with one or more 

metal traces and control pads. MEMS switch may be 

constructed which uses electrostatic force to flex a thin 

membrane and thereby make the switch to be opened or 

closed. Since an electrostatic force is used, the switch can be 

controlled using only a voltage and consumes virtually no 

power. This is an important advantage for portable 

communication systems, such as hand-held mobile phones 

or other wireless communication devices, where power 

consumption is recognized as a significant operating 

limitation. 

 
Fig. 1: (A) Layout of the Original Patch Antenna, (B) Antenna Being Reconfigured By Use of MEMS Switches 

 In this paper we are using a capacitive type MEMS 

switch in which a dielectric layer is deposited on the first 

conductor in an area opposite to the underside of the two-

arm moveable bridge, with this area on the conductor acting 

as the pull down electrode. With this arrangement, the full 

pull down voltage appears across the dielectric layer 

resulting in a relatively high electric field across the 

dielectric. Radio frequency (RF) MEMS switches with very 

high switching speed are commonly used in communication 

systems, where high frequency operation is required. A 

radio frequency (RF) switch is a device that controls the 

flow of an RF signal. MEMS switches are termed 

electrostatic MEMS switches if they are actuated or 

controlled using electrostatic force which turns such 

switches on and off. Electrostatic MEMS switches are 

advantageous due to low power -consumption because they 

can be actuated using electrostatic force induced by the 

application of a voltage with virtually no current. The 

MEMS devices offer the following advantages compared to 

semiconductor devices. 

V. COGNITIVE RADIO 

Cognitive radio (CR) technology is key enabling technology 

which provides the capability to share the wireless channel 

with the licensed users in an opportunistic way. CRs are 

foreseen to be able to provide the high bandwidth to mobile 

users via heterogeneous wireless architectures and dynamic 

spectrum access techniques. In order to share the spectrum 

with licensed users without interfering with them, and meet 

The diverse quality of service requirements of applications, 

each CR user in a CR network must: 

 Determine the portion of spectrum that is available, 

which is known as Spectrum sensing. 

 Select the best available channel, which is called 

Spectrum decision. 

 Coordinate access to this channel with other users, 

which is known as Spectrum sharing. 

 Vacate the channel when a licensed user is 

detected, which is referred as Spectrum mobility. 

To fulfill these functions of spectrum sensing, 

spectrum decision, spectrum sharing and spectrum mobility, 

a CR has to be cognitive, reconfigurable and self-organized. 

An example of the cognitive capability is the CR’s ability to 
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sense the spectrum and detect spectrum holes (also called 

white spaces), which are those frequency bands not used by 

the licensed users. Choose the suitable operating frequency 

(frequency agility), and the ability to adapt the 

modulation/coding schemes and transmit power as needed. 

The self-organized capability has to do with the possession 

of a good spectrum management scheme, a good mobility 

and connection management, and the ability to to support 

security functions in dynamic environments. 

VI. RESULTS AND DISCUSSIONS 

A. Return Loss: 

The micro strip line feed is used in the design the MSPA. 

Feed-line width of 1.5564 mm and Feed-line length of 

2.4563 mm had been taken. A frequency range of 5-6 GHz 

is selected. The center frequency is selected as the one at 

which the return loss is minimum .The bandwidth of the 

antenna can be said to be those range of frequencies over 

which the Return Loss (RL) is greater than -12 dB (-12 dB 

corresponds to a VSWR of 1.5 which is an acceptable 

figure). A RL of -30 dB is obtained. 

B.  VSWR Plots 

When a transmitter is connected to an antenna by a feed 

line, the impedance of the antenna and feed line must match 

exactly for maximum energy transfer from the feed line to 

the antenna to be possible. When an antenna and feed line 

do not have matching impedances, some of the electrical 

energy cannot be transferred from the feed line to the 

antenna. Energy which is not transferred to the antenna is 

reflected back towards the transmitter. The parameter 

VSWR is a measure that numerically describes how well the 

antenna is impedance matched to the radio or transmission 

line it is connected to. VSWR stands for Voltage Standing 

Wave Ratio, and it is the function of the reflection 

coefficient, which describes the power reflected from the 

antenna. In this paper, VSWR lie in the range of 1-2 which 

is achieved for all the four frequencies (5% returns). 

C. Radiation Pattern Plots: 

Microstrip patch antenna radiates normal to its patch 

surface, the elevation pattern for φ = 0 and φ = 90 degrees 

would be important to obtain the gain of the antenna at 5.38, 

5.68, 5.725& 6 GHz. The maximum gain is obtained in the 

broadside direction and this is measured to be 7.2 - 8dBi for 

φ = 0 and for φ = 90 degrees. 

 
Fig. 2:  Radiation Pattern Plots 

 
Fig. 3: (a): S- Parameter (b): VSWR- Plot 
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VII. CONCLUSION 

The design of a Reconfigurable Microstrip Patch Antenna 

with resonant frequency of 6GHz was designed using 

ANSOFT HFSS and the different operating frequencies of 

5.38, 5.68, 5.75GHz were obtained using RF MEMS switch. 

The Reconfigurable microstrip patch antenna can expand the 

system capability. By adjusting its resonant frequency, 

radiation pattern and polarization the reconfigurable antenna 

can accommodate various requirements of cognitive radio 

applications. Microstrip antennas are widely used in satellite 

and mobile communications systems because of their light 

weight and planar shape. Any way we have to overcome the 

following disadvantages: extraneous radiation from feeds 

and junctions, poor end fire radiator except tapered slot 

antennas, low power handling capacity and surface wave 

excitation. 
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