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OUR TRIBUTE TO GREAT PIONEERS 
 
 
 

JAMES CLERK MAXWELL 
Developed electromagnetic theory of radiation by his mathematical magic. 
His theoretical prediction of the existence of electric and magnetic fields 
associated with wave propagation carrying energy of electromagnetic 
nature was a breakthrough in the history of science. A new era of 
electromagnetism was thus opened by this great scientist. 
 
 

 

  
HEINRICH HERTZ  
Experimentally demonstrated the generation, propagation and detection of 
electromagnetic waves. Thus he gave a firm experimental support for the 
theoretical conclusions drawn by James Clerk Maxwell. 
 
 
 
 
 

 
 
 
JAGADISH CHANDRA BOSE 
The first Indian scientist who marked his footprints in the world of 
electromagnetics. In fact, Bose generated millimeter waves using a 
circuit developed in his laboratory and used these waves for 
communication, much earlier than the western scientists. He also 
developed microwave horn antennas which are still employed in many 
communication applications. 
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Abstract An Electrically Small metamaterial inspired antenna with narrow bandwidth suitable for 
nearfield sensor application is presented. The operation principle is based on a Distributed Reactive 
Nearfield Parasitic Element (DRNPE). The DRNPE unit cell with high distributed inductive reactance is 
introduced near a highly capacitive open ended CPW transmission line, resulting in good impedance 
matching. The resonant behavior is independent of the transmission line parameters and hence can be 
tuned with respect to the DRNPE parameters. The prototype used as a sensor for the measurement of 
dielectric constant variation is also discussed. The simulation (Ansoft HFSS) and measurement 
(HP8510C Vector Network Analyzer) results are in good agreement. 

 

Sujith Raman, Robin Augustine, Anders Rydberg
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Abstract: In this paper, a microstrip patch antenna with parasitic 
arms for controlling the direction of the radiated beam for 
wireless body area network is presented. The realized gain of 
the antenna in the off-body mode is 1.93 dB and that in the on-
body mode is 1.4 dB. The operating frequency band centered 
at 2.45 GHz frequency remains unaltered with a bandwidth of 
80 MHz irrespective of the switching states. 
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Compact single shorted hexagonal microstrip patch antenna 
 
 

K. P. Ray 1, Suchitra Majumdar2, S. S Kakatkar1, R.G Karandikar2 

1SAMEER, IIT Campus, Powai, Mumbai - 400076, India 

2K.J Somaiya COE, Vidyavihar, Mumbai - 400077, India 
E-mail: kpray@rediffmail.com 

 
 
 

Introduction: Emerging technology has paved the way for miniaturization of devices which 
in turn has led to the need for miniaturization of antennas suitable for such modern devices 
used in personal communication equipments. Compact antennas are also required for 
applications like missiles and other airborne applications where space is at a premium. 
Shorting pin loaded microstrip antennas have recently gained much attention due to the 
increasing demand of compact antennas for personal communication equipment. It has been 
demonstrated that loading a rectangular, circular or triangular microstrip patch antenna with a 
shorting pin can effectively reduce the required patch size for a given operating frequency [l-
3]. In the shorted patch technique, a radiating microstrip patch antenna is shorted by a shorting 
pin through ground via substrate material. This short circuit may be complete, by wrapping a 
copper strip around the edge of the antenna, or by placing a shorting post at an optimum 
location [2]. It is easier to use a shorting post as compared to wrapping a copper strip around 
the edge. It has been demonstrated that a smaller shorted microstrip antenna has the same 
resonance frequency as that of an unshorted but bigger microstrip antenna [3].The shorting 
posts or plate along the zero potential line, perpendicular to the feed axis, leave the field 
distribution unperturbed [4].  
 
 Compact shorted variations of circular and triangular microstrip antennas have 
already been reported in the literature [5, 6]. A shorted Hexagonal microstrip antenna 
(HMSA) has however, not been investigated as thoroughly as shorted patch antennas of other 
shapes. A Hexagonal Microstrip Antenna (HMSA) has the advantage that its shape/area can 
be closely approximated to that of a circle and it can be packed closely together in an array. 
Also, straight edge of HMSA configuration helps in parasitic coupling with other similar 
patches for bandwidth improvement which would have become difficult with curved edges of 
circular microstrip patch antenna. Recently, HMSA and its variations have been reported in 
the literature and a resonance frequency formulation has been proposed to match with the 
experimental results [7 – 12]. 
 
  A single shorted HMSA has been designed and fabricated and the simulated and 
measured results are presented in the next section. The conventional HMSA has also been 
designed and fabricated and the results for these variations of HMSA have been compared. In 
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[14], a compact configuration of Hexagonal microstrip antenna using multi shorting has been 
proposed. The area has been shown to reduce by a factor of four for the quarter patch using 
multi shorting techniques, while maintaining approximately the same resonance frequency as 
that of conventional HMSA. In this paper, a single shorting pin has been used to reduce the 
resonance frequency of a given size of hexagonal microstrip patch antenna. The reduction in 
area for an antenna designed at a given operating frequency using this technique is seen to be 
almost 10 times as compared to a conventional HMSA. 
 
Antenna Configuration: 
 
 
 
 
                                                                                                 
 
                                         
 
 
 
                                                                                                  
 

Fig1a  Conventional HMSA                                                    Fig1b  Single Shorted HMSA 
 
Fig.1  Geometrical Configuration.  a) Conventional HMSA    b) single shorted HMSA 
Antenna Parameters: Substrate Dimension 75 mm x 75 mm x 1.59 mm,  L =40 mm, 
h=1.59mm, a1=17.5mm, a2=31mm, a3=5mm, d1=1.4mm, d2=1mm where d2 is shorting pin 
location with respect to feed point., r=4.3, loss tangent tan =0.02 
 

                                                       
Fig 2a. Photograph of HMSA                                            Fig 2b. Photograph of S-HMSA 

 
 Fig.2 Photographs of fabricated antennas   a) HMSA  b) single shorted HMSA 
 

The geometry of the proposed conventional Hexagonal Microstrip patch antenna and 
Single shorted Hexagonal Microstrip patch antenna is shown in Fig.1a and Fig 1b 
respectively. The antennas are etched on a substrate of height h having dielectric constant r 
and loss tangent tan . The side length of the regular hexagon is shown as L in Fig.1a. The 
antenna is fed at a distance a1 from the centre of the hexagon for the unshorted case while the 
feed distance is a2 for the S-HMSA. The shorted HMSA is shorted to ground at a distance a3 

from the feed location. The diameter of feeding pin is taken as d1 while that of the shorting 
post is taken as d2.  

 
The antenna was extensively studied through simulations and optimised for maximum 

reduction in resonant frequency. It was observed that maximum reduction is achieved when a 

a1 

L L

d1

a2

r r
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single shorting pin is located along the edge of the microstrip patch antenna. The antenna 
parameters for the final fabricated HMSA and S-HMSA are  given in Fig.1a and Fig 1b 
respectively. The antenna is mounted on FR4 substrate which has a dielectric constant of 4.3 
and fed using a coaxial probe. Both Hexagonal Microstrip Patch Antenna and Shorted 
Hexagonal Microstrip Patch Antenna have the same physical dimension. A conventional 
HMSA and shorted antenna was fabricated based on the optimised simulated configuration. 
A photograph of the fabricated antenna is shown in Fig 2a. In the fabricated antenna, the 
shorting pin is located at the centre of one of the edges as shown in 2b. 
 
Results and Discussion: The simulated and experimental results for the return loss of 
conventional and single shorted hexagonal microstrip patch antenna are shown in fig 3a and 
3b, respectively. As seen from Fig.3a, a hexagonal microstrip patch antenna of 40mm side 
length resonates at 1.095GHz. The corresponding return loss plot for a shorted HMSA is 
shown in Fig.3b. It may be seen from the figures that after loading with a single shorting pin, 
the Hexagonal microstrip patch antenna resonance frequency reduces to 331MHz. The 
Shorted Hexagonal Microstrip patch antenna is thus seen to achieve significant reduction in 
resonance frequency as seen from fig 3a and 3b. Measured and simulated results are seen to 
agree well from Fig.3a and 3b. Thus, 69% reduction of resonant frequency is achieved by 
locating a single shorting pin at one of the edges of hexagonal microstrip patch antenna. This 
reduction in resonant frequency can be attributed  to the increase in current path length due to 
loading of single shorting post in microstrip patch antenna. Current path distributions of both 
hexagonal microstrip patch antenna and Single shorted Hexagonal Microstrip Patch antenna 
are shown in fig 4a and 4b, respectively. Further it has been observed through simulation that 
same resonance frequency of 331 MHz is achieved for a conventional hexagonal microstrip 
patch antenna of side length 14cm as shown in Fig.5. This shows that using single shorting 
technique the area required for antenna has been reduced from 509 cm2 to 41 cm2 for the 
same resonant frequency of 331 MHz. This amounts to a remarkable reduction of 91.84% in 
area leading to a highly compact, lightweight antenna and making more space available for 
other subsystems and electronics on board.  

 

      
Fig.3a Return loss of conventional HMSA           Fig.3b Return loss of single shorted HMSA 

Fig.3 Simulated and measured Return loss for a) conventional and b) single shorted HMSA 

 

                                                          
Fig 4a Current distribution of HMSA.                       Fig 4b Current distribution of S-HMSA 

Fig.4 Current distribution of conventional and single shorted HMSA (L= 4cm) 
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Fig 5. VSWR of HMSA of side length 14cm. 

 
Conclusion 
A hexagonal microstrip patch antenna with a single shorting pin at the edge was designed to 
realize significant reduction in the resonance frequency leading to more than 90% reduction 
in the size of the antenna and an extremely compact, lightweight design at the desired 
frequency. More than 69% reduction in resonant frequency was achieved. Simulated and 
measured results were shown to be in good agreement with each other. This antenna is useful 
in applications like mobile handsets, missiles, aircrafts, and other compact systems having 
severe space constraints and where size and weight are of major concern. 
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Abstract: A new Coplanar Waveguide fed square slot rectangular microstrip 
antenna for broader bandwidth is proposed. An impedance bandwidth of 
more than 82% in 3000 MHz frequency band which covers Wi-MAX and 
WLAN bands is obtained. The proposed antenna shows broadside radiation 
pattern over the bandwidth with gain of 5.6dBi. 

 

g
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Abstract—This paper presents the design of a small and compact  triple band 
Microstrip slot antenna and their 2 x 1 MIMO implementation for Bluetooth, 4G 
LTE, WLAN, and WiMAX applications. The proposed slot antenna consist of a 
microstrip feed line , a ground plane on the other side on which slot etched and 
some L strips are added. Two S shaped parasitic elements are added back to back 
on another side The simulation results of the single antenna shows that the 
designed antenna is capable of operating over 2.39 to 2.86 GHz, 3.13 to 3.68 GHz, 
and 5.08 to 5.97 GHz frequency bands while rejecting frequency ranges between 
these three bands. Next, a study was performed to implement this antenna in 2x1 
MIMO arrangement on the same circuit space. The simulation result shows that it 
is suitable for working for Bluetooth, 4G LTE, WLAN and WiMAX applications. 
Nearly Omn-directional radiation pattern, acceptable antenna gain, better mutual 
coupling and better envelope correlation coefficient are achieved over the three 
operating bands.  

 
Index Terms—Multiple Input Multiple Output (MIMO), Wireless Local Area 
Networks, Long Term Evolution, Worldwide Interoperability for Microwave Access. 
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Abstract: A four way high power combiner has been designed at 325 MHz. 
Equivalent circuit parameters have been calculated, which simplified the 
design by providing initial physical parameters of the combiner for EM 
simulation. Electromagnetic simulations have been carried out to estimate 
the effects of physical dimensions over the RF performance parameters of 
the power combiner. The fabricated power combiner has insertion loss of 
0.23 dB and output return loss better than 30 dB. The power combiner has 
been tested up to 3.2kW, CW at 325 MHz using four solid-state high power 
amplifier modules. The efficiency of the power combiner is better than 94%. 
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Abstract:  in this paper a compact integrated transceiver 
module at L-Band is described that was designed for 
Software Defined Radio application. A single down 
conversion with fixed IF at 70 MHz is used for compact 
size and direct up-conversion architecture is adopted for 
transmitter path. This transceiver is capable of frequency 
hopping in its entire band (940 to 1260 MHz) of operation. 
Electrical imperfections of the circuit like non linearity, 
gain compression,inter modulation,spurious,harmonic 
level, gain variation over frequency band has been 
simulated in Agilent’s ADS(Advance Design System) 
software for the prediction of performance as well as 
optimization of gain for both receiver as well transmitter 
path for required specification. A PSOC is also introduced 
for required control signal generation and baseband 
interface. To fabricate the transceiver commercially 
available ICs are used on multi-layer (ten) FR4 PCB. The 
experimental result shows that RF Transceiver has perfect 
performance for SDR Application. 

                                    Proceedings of International Symposium on Antennas and Propagation APSYM 2014

Department of Electronics, Cochin University of Science & Technology, Kochi, INDIA.      47



                                    Proceedings of International Symposium on Antennas and Propagation APSYM 2014

Department of Electronics, Cochin University of Science & Technology, Kochi, INDIA.      48



                                    Proceedings of International Symposium on Antennas and Propagation APSYM 2014

Department of Electronics, Cochin University of Science & Technology, Kochi, INDIA.      49



                                    Proceedings of International Symposium on Antennas and Propagation APSYM 2014

Department of Electronics, Cochin University of Science & Technology, Kochi, INDIA.      50



Sujo.C.I and Gopal Joshi 

Abstract: A solid state RF power amplifier has been  developed 
and tested at 27.12 MHz, up to 900W.Class AB configuration 
has been  used in this design. The RF amplifier is  built in two 
stages and  N channel Enhancement type MOSFET has been 
used in the power stage. Control electronics to monitor various 
parameters of the RF amplifier and also to protect the RF 
amplifier against over temperature, over drive and high 
reflected power has been developed. The unit is water cooled  
and 19” rack mountable. It is observed that the temperature is 
less than 60oC when measured very close to the power 
MOSFET.   
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Abstract : The concern about the adverse effects of mobile phone 
radiation on the nervous system has increased  due to the drastic 
increase in mobile phone usage. In this paper, the mean value of sample 
entropy of EEG data set of 35 volunters with and without phone for 6 pairs 
of channels around ear is analysed using Kruskal Wallis test. The test 
result is significant for 6 channels. The maximum variation in percentage 
change of sample entropy is -1.21 to 8.22, while keeping GSM phone at 
Cz position. 

Keywords: Mobile phone radiation, Sample Entropy, Kruskal Wallis test . 
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Data Acquisition:

B. Preprocessing: 

C Feature Extraction:

.  Statistical Analysis- Kruskal Wallis Test: 

                                    Proceedings of International Symposium on Antennas and Propagation APSYM 2014

Department of Electronics, Cochin University of Science & Technology, Kochi, INDIA.      58



.

                                    Proceedings of International Symposium on Antennas and Propagation APSYM 2014

Department of Electronics, Cochin University of Science & Technology, Kochi, INDIA.      59



 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

                                    Proceedings of International Symposium on Antennas and Propagation APSYM 2014

Department of Electronics, Cochin University of Science & Technology, Kochi, INDIA.      60



Abstract: The computer aided design (CAD) models of commercially 
available mobile phones are usually not openly available for electromagnetic 
simulations. A simplified reconstructed CAD model proves useful to gain 
insight about the radio frequency performance of the mobile phone that can 
complement the measurement. Herein a commercially available mobile 
phone is characterized both numerically and experimentally. The numerical 
model of the mobile phone is reconstructed by examining the locations and 
dimensions of the main components that influence the electromagnetic 
fields. The near field is characterized by comparing the specific absorption 
rate (SAR) distributions obtained numerically and experimentally. 
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Figure 2  a.The Split ring resonator,b. 
The Electrical  equivalent. 
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Figure 5 Responses of the CSRR to various Fluids.  
 

 Figure 6 Response of the CSRR to Animal 
Tissues. 
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 Figure 9 Response of CSIR to various Fluids  Figure 10 Response of CSIR to Animal tissues. 
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Abstract: This paper proposes a novel multi-band PIFA structure with reduce 

exposure of the human head to mobile-set antenna radiation. It also analyses the SAR 
of the triple band at various distances from the head model. The PIFA structure 
proposed in this paper is designed to operate at GSM 900, GSM 1900 and Wi-Fi bands. 
SAR is decreased by reducing the radiation towards human head, while maintain 
significant radiation in all other directions. This SAR reduction is accomplished by 
inserting suitable slots in the top radiating patch and ground plane of PIFA at 
appropriate positions so as to modify the current distribution and radiation pattern. 

INTRODUCTION: Recent years has witnessed a very rapid expansion of wireless 
communications. This has driven the development of multiple wireless standards and portable 
communication devices (especially mobile phones) capable of numerous operating modes. 
Antennas are the key elements in these devices which equip them with its various 
capabilities. For antennas to satisfy the requirements of the current market, they must be 
compact along with multi band capability. To handle multiple frequency bands and standards, 
a versatile antenna such as a PIFA is required. Due to the rapid growth in the use of mobile 
phones and other wireless communication systems there’s a huge public health crisis looming 
from this one particular threat: electromagnetic radiation from cellular phones. Therefore, it is 
necessary to decrease the interaction of electromagnetic energy towards human head when 
mobile handset is in operation. For electromagnetic wave exposures, these guidelines are 
based on peak specific absorption rate (SAR).  

This paper discusses the  design of a simple , compact, multi-band  planar inverted F-antenna 
(PIFA) working in GSM 900 , GSM 1900 WI-Fi and Bluetooth bands . By adopting sutable 
techniques , the SAR of the proposed antenna is reduced. Analysis of the SAR value of the 
antenna at various distances from the head model is also done. 

PIFA Structure 
PIFA structure consists of a large metallic ground plane, a resonating metallic plate at the top 
i.e. a patch, a feed wire & one or more shorting pins or plates to connect the top patch and the 
ground plane. The antenna is fed through feeding pin which connects to the ground plane. 
This type of feeding technique allows designer to place it at any desired location in the patch.  
The shorting pin and shorting plate allows good impedance matching achieved with the patch 
above ground plane of size less than λ/4. Resulting PIFA structure is of compact size than 
conventional λ/2 patch antennas.This structure resembles a short-circuit micro strip antenna 
.Therefore PIFA can be thought of as a shorted micro strip patch antenna with air as 
dielectric.[1]. Fig. 1 shows a basic PIFA structure which is fed at the base by a feed wire.  
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Fig.1: Basic PIFA Structure 

Basic Design Equation: 
The frequency at which PIFA resonates can be calculated by using a basic formula as given 
below 

L1+L2-W = λg/4                   (1) 

     Where L1   is Top patch length ,L2   is Top patch Width,λ is the wavelength corresponding 
to resonant- frequency. 
 
Above equation represents that the sum of the width and length of the top plate should be λ/4. 
The performance of the antenna can be enhanced by varying ground plane length. Optimum 
length of the ground plane is 0.4λ at the operating frequency [2]. This approximation is very 
rough and does not cover all the parameters that significantly affect the resonant frequency of 
the antenna [3].  

Specific Absorption Rate 
Specific Absorption Rate (SAR) is the rate at which Radio Frequency energy is absorbed in 
the human body over a given time and expressed as the power absorbed per unit mass.SAR is 
usually averaged either over the whole body, or over a small sample volume (typically 1 g or 
10 g of tissue).This measurement is used to determine whether a device complies with safety 
norms/guidelines.SAR for electromagnetic energy can be calculated from the electric field 
within the tissue as: 

                                         (6) 
 =  conductivity of the tissue (S/m),  =  mass density of the tissue (kg/m3),Ε     =    rms 

electric field strength (V/m) [4] 

SAR reduction techniques over these years 
Various methods have been proposed over the last years to reduce the SAR to levels below 
the current maximum exposure levels of the international standards. Increasing the distance 
between the antenna and head is the easiest way to reduce SAR.However this can cause an 
increase in the volume of the device which is not much appreciated. Auxiliary antenna 
elements and ferrite loading are other methods commonly used for reducing SAR. But using 
these techniques increases the size and cost .  

Artificial magnetic conductors (AMC), electromagnetic band gap (EBG) surfaces and 
metamaterials are also effectively experimented for reducing SAR. These are special high 
impedance surfaces which are based on a single conductor cell that can resonate to a design 
frequency in order to trap the electromagnetic energy that otherwise would be directed to the 
user. They are typically realized as a metallization pattern of many single cells over a 
dielectric substrate and a ground plane.[5]-[9]. The design and implementation of these 
surfaces are difficult when it comes to complex cell structures. 
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Another effective way of reducing SAR is by introducing slits in the antenna structure. By 
introducing suitable slits in the antenna, the radiation pattern of the antenna can be modified 
so as to reduce radiation tremendously towards human head, without sacrificing the radiation 
characteristics. The radiation pattern and functionality of an antenna are related to current 
distribution on its surface. Any slight change in the geometrical configuration of the surface 
will create new current paths and new radiation edges, which will give the antenna new 
resonance, different radiation pattern and operation.[10] These structures are much simpler,  
cost effective and efficacious when compared to the other  methods. 

Proposed Antenna 
 

  
Fig.2: a) Proposed antenna b) 3-D view in CST 

 
The proposed antenna is shown in Fig.2 (a) and 3D structure of the proposed PIFA antenna is 
shown in Fig.2 (b). The proposed PIFA antenna is designed using a dielectric material as FR-
4 which has loss tangent, δ=0.02, dielectric constant, εr = 4.4 and substrate height, h = 1.6 
mm. Slots of optimum dimensions are inserted at appropriate positions in the ground plane 
and top radiating patch so as to obtain multi-band operation. Feeding point source is used to 
excite the structure. Total dimensions of the radiating parts of the antenna are 46 x 14 mm2. 

And that of ground plane are 100 x 50 mm2 .Fig 3 and 4 shows the detailed dimensions of the 
top radiating patch and the ground plane  
 

  
     Fig.3: Dimensions of Top Radiating Patch                  Fig.4: Dimensions of Ground Plane 
 
The simulation and analysis of the proposed antenna is done using CST microwave studio. 
The simulated reflection coefficient (S11) also known as return loss is presented in Fig. 5. It 
can be observed from S11 plot that the antenna covers the GSM900, GSM 1900, Bluetooth and 
Wi-Fi bands. To get good return loss and gain, the height of top plate selected is 10 mm. The 
ground plane, shorting plate and top plate are made perfect electrical conductor (pec) . 
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Fig. 5: The Simulated S11 (dB) of proposed PIFA    Fig. 6: The Simulated VSWR of proposed PIFA 
 
Return loss of -27.87 dB obtained at resonant frequency of 867 MHz, -23.36 dB at 1899MHz 
and -22.30 dB at 2.47 MHz Also, it is observed from results that at resonant frequency the 
Voltage Standing Wave Ratio (VSWR) is well below 2dB [16] i.e. at 867 MHz value of 
VSWR is 1.09, at 1899 MHz VSWR is 1.17 and at 2.47 GHz VSWR is 1.18. The bandwidth 
here can be specified as impedance bandwidth for which return loss S11 is -6 dB as this value 
is good enough for mobile handset applications.The impedance bandwidth of the proposed 
PIFA design is the difference between upper and lower frequency which is 0.07 GHz, 
0.05GHz and 0.06GHz. 

The simulated 3-D radiation pattern of the proposed PIFA is shown below. The simulated 3D 
radiation pattern at 867 MHz, 1899MHz, and 2.47GHz in xyz and xy-z planes is obtained 
from the simulation results using CST microwave studio is shown in Fig 7(a),(b),(c).  
 

  
(a)                                                                  (b) 

   
             (c)                                                     (d)                             (e)  

Fig.7: Simulated radiation pattern in XYZ plane and XY-Z plane at a) 867MHz b) 1899 MHz  
          c) 2.42GHz d) proposed antenna geometry with co-ordinates e) +z and –z directions 
           when antenna is placed near the phantom model 
 
It can be seen from the plot that the antenna is having good electromagnetic radiation 
intensity in the +Z plane where as radiation is considerably reduced in the –Z direction. [11] 
The red, orange,yellow,green and blue regions represents  radiation intensity in the 
decreasing order. Therefore the antenna radiation pattern itself clearly shows a decrease in 
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intensity of electromagnetic radiation in the –Z direction (ie towards user head, when the 
phone is in use).The cellular bands covered by the simulated antenna are GSM900,GSM1900 
,Bluetooth and Wi-Fi  bands. The antenna has good radiation characteristics in all directions 
except to the user head side thus reducing electromagnetic radiation interaction with user 
head, which is suitable for mobile handsets.  

SAR calculation with phantom head model 
Various public organizations in the world have established safety guidelines for 
electromagnetic wave absorption. For electromagnetic wave exposures, these guidelines are 
based on peak specific absorption rate (SAR). SAR value is an important tool in judging the 
maximum possible exposure to RF energy from a source. FCC and DOT has regulated SAR 
value as 1.6 W/Kg averaged over 1 gm of tissue.  

  
                         (a)                    (b1)                                 (b2) 

Fig.8 Proposed PIFA structure at a distance of 1mm from the head model when antenna is placed  
a)Right side of head model b) Left side of head model 

 
The simulation model of SAM phantom head model provided by CST Microwave 
Studio®(CST MWS) along with the designed antenna is used for calculation of SAR .The 
SAR values are simulated by placing the antenna at various distances from the head model. 
 

TABLE I 
SIMULATED SAR VALUE OF THE ANTENNA WITH  DIFFERENT RESONANT 

FREQUENCY 
Distance from head 
model 

Frequency  under 
consideration 

SAR w/kg(1gm) 
Antenna on Left 
side of head model 

SARw/kg(1gm)Antenna 
on Right side of head 
model 

1mm 867MHz 0.000127 0.000127  
1mm 1899MHz 0.000957  0.00104  
1mm 2.42GHz 0.00237  0.00240  
10mm 867MHz 7.3514e-005 2.90767e-006 
10mm 1899MHz 0.000286246 5.16984e-005 
10mm 2.42GHz 0.000912081 0.000184495 
20mm 867MHz 1.64438e-005 1.03705e-006 
20mm 1899MHz 0.000105218 2.48611e-005 
20mm 2.42GHz 0.000375272 0.000112568 
 
It is seen that as the distance between the head model and antenna increases, the specific 
absorption rate decreases. The 1-g SAR results for the respective resonant frequencies at 
various distances are listed in table I, it is clearly seen that 1-g SAR results at all frequencies 
are well below the SAR limits of 1.6 W/kg standards. Here, the minimum SAR value obtains 
at lowest resonant frequency 0.9 GHz and this could be attributed due to the largest 
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wavelength having minimum ability of penetration in the human head. The SAR value can be 
reduced even more, if casing of the antenna is considered and if it is placed far away from the 
body. 
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Abstract: The effective utilization of a zero-index metamaterial unit-cell for 
broadside gain enhancement of conventional microstrip antenna array is 
presented. The 2 x 2 microstrip patch antenna array with metamaterial 
superstrate layers display, S11  ≤ -10 dB and gain of 14.5 – 15.6dBi over 
5.63-5.89 GHz. The zero index unit-cell based metamaterial superstrate 
exhibits a gain enhancement up to 2.3dB. The experiment results show a 
good agreement with the simulated values. 
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Abstract: A modified improved LMS algorithm is used for active 
cancellation of probing sources in linear phased array. The 
edge effect and mutual coupling is included in the formulation 
for the steering vector and weight adaptation towards the 
generation of adapted pattern for a given signal environment.
The array performance in adaptive nulling is analyzed in terms 
of output signal-to-interference-noise ratio, output noise power 
and the adapted pattern.  
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Figure 1  Output SINR of 16-element linear side-by-side dipole array. 
 One desired signal (90o; 1) and two probing sources (45o, 135o; 150, 200). 
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Figure 2  Adapted pattern of 16-element linear side-by-side dipole array. 
 Two desired signals (40o, 140o; 1 each) and two probing sources (80o, 95o; 800, 1000). 

Figure 3  Output SINR of 16-element linear parallel-in-echelon dipole array.  
One desired signal (90o; 1) and one probing source (145o; 100). 
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Figure 4  Adapted pattern of 16-element linear parallel-in-echelon dipole array. 
Two desired signals (40o, 140o; 1 each) and one probing source (100o; 200). 

                                    Proceedings of International Symposium on Antennas and Propagation APSYM 2014

Department of Electronics, Cochin University of Science & Technology, Kochi, INDIA.      86



Abstract: The paper presents a new technique  to achieve wide axial ratio 
bandwidth using a feeding  technique based on corporate feeding network. 
The Simulated results of designed  4x4  stacked patch array antenna exhibit 
the wide 3 dB axial ratio bandwidth of  more than 20 percent and gain better 
than 17.5 dBi over the band. 
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Abstract: The paper describes design of a wideband monopulse antenna 
array of U-slot rectangular patch. The U slot rectangular patches are fed by 
means of proximity coupling by microstrip feed line with pi shaped stub. 
Measured Impedance bandwidth (SWR≤2) of antenna is 22% ranging from 
4.3 GHz to 5.4 GHz. Antenna has simulated gain of 18 dBi and null depth of 
better than 30 dB. 
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Amit A. Deshmukh1, Ameya A. Kadam1, Kshitij Lele1 and K.P.Ray2 

Abstract: A microstrip reflectarray with patches of variable stub 
lengths to realize progressive phase shift is proposed. Three 
different configurations namely, 1 × 3, 3 × 1 and five element 
arrays are studied. The beamwidth in all three configurations in 
the E and H- plane is around 21˚ with a gain of 11 dBi in five 
element array. 

Keywords: Microstrip Reflectarray, Microstrip Antenna Feed, Linear Polarization.  
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Abstract: In this paper, a broadband triangular monopole antenna array with 
improved gain is presented. A two element triangular monopole antenna 
array having VSWR<2 bandwidth from 590MHz to 2GHz is designed on FR4 
substrate. The 2-element array has a gain of 3dBi at 900MHz and 7dBi at 
1.8GHz. The radiation pattern is bi-directional and uniform over the entire 
bandwidth. The triangular monopole antenna array is re-designed with a 
reflector to achieve a unidirectional radiation pattern. The antenna has a 
VSWR<2 bandwidth from 740MHz to 1.9GHz and the gain is 8dBi at 
900MHz and 10.6dBi at 1.75GHz. A uniform unidirectional radiation pattern 
with less than 2dB variation in the broadside over the entire bandwidth is 
also achieved. 
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Abstract: Conventional beamformers offer the advantages of simplicity and robustness. A reduced form of One 
Dimensional Mapped Real Transform for obtaining reduction in computational complexity and computation time 
in beamformers without significant reduction in gain is proposed. 
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X1(t) 
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Inverse   
 1D-R-MRT +

X2(t) 
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Abstract: This paper describes the prototype design, development and 
characterization of a new Analog Beam-former Network (ABFN), a RF switch 
setup that facilitates the electronic steering operation of physically non-
steerable radio antenna systems in order to follow the movement of celestial 
radio sources either in Right Ascension (RA) or Declinatinon (Dec). Trial 
observations made with the prototype ABFN using a new radio 
interferometer facility operating at the Gauribidanur Radio Observatory are 
presented to show the tracking performance of the ABFN.   
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Chirag Arora1, Shyam S. Pattnaik2, R. N. Baral3 

 

Abstract: The paper communicates a unique technique for gain and 
bandwidth improvement of a microstrip patch antenna array for 
IEEE 802.16a 5.8 GHz Wi-MAX applications.  A conventional 
microstrip patch antenna array is loaded with a pair of 
metamaterial multiple split ring resonators (MSRR). The unloaded 
antenna array provides a bandwidth of 425 MHz at 5.8 GHz, 
whereas under loaded conditions the bandwidth increases to 610 
MHz corresponding to bandwidth  enhancement of 3%. Under 
loaded conditions gain improvement of 1.1 dBi is observed  in the
elevation plane while a similar gain of 5.3dBi is observed in the
azimuth plane. Reduction in mutual coupling between the 
elements of antenna array, due to MSRR loading, has been 
analyzed. The electrical dimension of the patch is 0.23λ x 0.3λ. 
The proposed array has been fabricated on FR-4 substrate with 
thickness (h) = 1.48 mm, dielectric constant (εr) = 4.3 and loss 
tangent = 0.01. Equivalent circuit of the proposed array has also 
been presented.  

                                    Proceedings of International Symposium on Antennas and Propagation APSYM 2014

Department of Electronics, Cochin University of Science & Technology, Kochi, INDIA.      113



                                    Proceedings of International Symposium on Antennas and Propagation APSYM 2014

Department of Electronics, Cochin University of Science & Technology, Kochi, INDIA.      114



                                    Proceedings of International Symposium on Antennas and Propagation APSYM 2014

Department of Electronics, Cochin University of Science & Technology, Kochi, INDIA.      115



gain improvement of 1.1 dBi is 
observed in elevation plane
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Abstract: Meteor observations take place in the Meteor Region of the 
atmosphere between 80 and 120 km. In this region the molecules in the 
atmosphere produce frictional heating, which causes an incoming particle to 
ablate, or convert from a solid into plasma. This produces an ionized trail of 
electrons, which reflect incoming radiowaves. It is very interesting to have 
the measurement of the echo directions of radio meteors, which is important 
in several fields of study.  To have the provision for the meteor study, 
recently developed 30-MHz ionospheric radar at NARL, Gadanki is being 
augmented with a separate antenna system. This antenna system consists 
of two-element crossed yagi antennas at 30-MHz frequency. This paper will 
describe the design, development and installation aspects of meteor antenna 
system. 
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Abstract: This paper describes the design of a 3-element yagi-uda 
antenna for a frequency of 205MHz, with a band-width of 5MHz, and 
optimization of the antenna parameters to work it for Stratosphere 
Troposphere (ST) Radar. It also included the design of a 619-element 
yagi antenna array for the above radar, and to obtain the phase 
distribution, to electronically steer the beam in desired directions. 
Theoretical calculations and simulations are done to fix the 
requirements and specification for ST Radar. Effect of lightning 
arrester on the total system is also studied. 

of 
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Abstract This paper presents the potential application of MID (Molded Interconnect Device)
technology in the radio frequency domain. The dielectric characterization of two different thermoplastic 
substrates LCP (Liquid Crystal Polymer) Vectra E820i and ABS PC (Acrylonitrile Butadiene Styrene 
Poly Carbonate) is carried out using a resonant cavity. Microstrip transmission lines are also realized 
on these two substrates by patterning the metal using LDS (Laser Direct Structuring) and inkjet printing 
techniques. Transmission line measurements allowed the permittivity extraction in continuous 
frequency domain. Extracted permittivities are nearly 4.3 and 2.8 respectively for LCP Vectra E820i 
and ABS PC, which are comparable to those obtained from the resonant cavity. Based on these 
characterized dielectric values, two microstrip patch antennas optimized at 2.63 GHz were designed 
and fabricated. The LDS based antenna on LCP has a maximum gain of 5.1 dBi and inkjet printed 
antenna on ABS PC has a maximum gain of 3 dBi. The measurement and simulation results for the 
material and antenna characterization is also presented. 

 

Divya Unnikrishnan, Darine Kaddour, Smail Tedjini
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Abstract— Passive Millimeter Wave (PMMW) imaging is 
used to form image through passive detection of natural 
radiation from a scene. The interest in this area is driven by the 
ability to form images in clear weather or in low visibility such as 
fog, cloud and rain. In this paper, we discuss the possible use of 
PMMW imaging system using a frequency scanning antenna to 
detect distant objects on railway track to avoid a scope of 
accident. Results are shown for both clear weather as well as
poor visibility conditions.

Keywords— PMMW; imaging; frequency scanning antenna;
poor visibility. 

I. INTRODUCTION 
Passive Millimeter-Wave (PMMW) imaging is a technique 

that uses radiometers to detect thermal radiation emitted and 
reflected by metallic and non-metallic objects. While visual 
and infra-red (IR) emissions are attenuated by atmospheric 
constituents, PMMW emissions are transmitted resulting in 
consistent contrast between different objects from day to night 
in clear weather as well as in low-visibility conditions to form 
images for a range of security and inclement weather 
applications [1, 2].  

The use of PMMW imaging technique in Unmanned Aerial 
Vehicle (UAV) for search and surveillance [3], opens up the 
possibilities of using it in civil applications like obstacle 
detection on road in poor visibility. 

The medium separating the radiometer from the target area 
plays a significant role in affecting the level of emissions that 
reach the radiometer. MMW imaging systems operate within 
30 GHz to 300 GHz frequency [4]. Imaging within the MMW 
region in inclement weather is possible because the MMW 
region contains atmospheric transmission windows around 35 
GHz, 94 GHz, 140 GHz and 220 GHz, where the attenuation 
caused by atmospheric constituents is relatively low as shown 
in Fig.1. In these sub-millimeter wave ranges, the imaging of a 
scene in close proximity (in the order of few hundreds of 
meters) demands near field (NF) imaging techniques [5, 6]. 

In this work, the problem is framed to reconstruct images of 
a scene in front of a locomotive either stopped or in motion. 
The train is considered to be at least 200 m. far from the scene 
so as to take precautions so that any possible collision can be 
avoided. NF-far field (FF) transform technique discussed in 

[6] is considered here with the prior assumption of availability 
of received FF radiated pattern for image reconstruction.  

The organization of this paper is as follows. The passive 
imaging technique is discussed in section II. Frequency 
scanning antenna used in this purpose is detailed in section III 
with the design details. Passive imaging simulation set-up 
used in this problem is discussed in section IV. Graphical 
results of reconstructed images are shown in section V 
comparing with original images. Finally the conclusion is 
drawn in section VI.  
 

 
Fig.1 The attenuation at millimeter wave frequencies by 

atmospheric gas, rain, fog [4] 

II. PASSIVE IMAGING TECHNIQUE 
PMMW imaging technique consists of creating an image of 

one scene or Field of View (FOV) by detecting the 
radiometric temperature radiated by the objects and the 
background inside the scene [3].  

Each object in the scene radiates power in the millimeter 
wave range with an emissivity  compared to the radiation of a 
black body. The radiation acquired by the sensing element is a 
sum of contributions from the natural emission of the objects 
inside the scene, and the energy they reflect from illumination 
sources inside and outside of the scene. More specifically, the 
effective temperature of an object (Te), as given by (1), is the 
contribution of the physical temperature of the object (T) 
itself, modified by its emissivity , the temperature of the 
background behind the object (Tb) modified by its 
transmissivity , and the temperature of the other background 
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Thermal 
Radiation

 
Fig.2 Simple Block diagram of PMMW imaging system 

 
objects as given in (2). The relation among the emissivity, 
reflectivity and transmissivity are given in (2).  

e s i tT T T T (1)

                                         1                                                (2) 

A simplified block diagram of a PMMW imaging system is 
shown in Fig.2, where a human body is taken as an object and 
millimeter wave radiation is captured by the frequency 
scanning antenna and after RF to IF conversion, the power is 
detected by the detector. The detector is followed by an 
integrator, and the post processing is carried out by a 
computing system. 

III. FREQUENCY SCANNING ANTENNA 
    Frequency scanning is the special application of phased 
array antenna, where the main beam steering occurs by the 
frequency scanning of the exciter. This type of antenna is 
called as frequency scanning antenna. The normal 
arrangement is to feed the different radiating elements from 
one folded waveguide as shown in Fig.3. Increasing the inter-
element path length may result in small frequency change that 
will scan the beam in the direction normal to the face of the 
antenna. Assume that the radiating elements spaced d apart are 
connected by a serpentine (snake) feed of length s. The phase 
equation can be written as,   

                               sin m
g

s m
d d

                         (3) 

where, m is the beam pointing angle and m is an integer 
number. Larger /s  and correspondingly larger m gives a 
faster change in the beam angle with the frequency [9-11].  

A. Design Parameters
     According to the system design, the receiving antenna 
should receive at 94 GHz from broadside i.e. at 90° with the 
railway track. We considered 00.5d . From the prior 
conditions and using (3), we find that 05.14s where 0  is 
the free space wavelength at the operating frequency and m = 
4. Antenna length (L) = 2 m, 0  = 3.2 mm at 94 GHz. (Half 

Power Beam Width) HPBW= 0 0.0016rad
L

. The spatial 

 
Fig.3 Frequency Scanning Array 

 
Fig.4 Beam pointing direction vs. frequency variation 

 
resolution is computed as, *R HPBW R  at the broadside. 
For other directions 1 2tan tanR R , where 1 and 2  
are the angles between the broadside distance and the 
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directions from which different frequencies with fixed offset 
are received. As, the antenna is going to receive from both the 
directions of broadside, a total of 84° scanning can be obtained 
with the specified parameters. It is divided into -44° and 40° in 
the left and right half and frequency vs beam pointing 
direction result is plotted in Fig.4. 

IV. PASSIVE IMAGING SIMULATION SET-UP 
    Instead of a human body, few metallic and non-metallic 
objects are considered on a railway track as contents of the 
scene in this imaging simulation set up. The received power 
can be expressed as,        
                              *exp( 2 )eP KT f z                           (4) 
where, eT , f , K , are the effective temperature of the 
object, bandwidth of individual resolution cell, Boltzman’s 
constant and attenuation coefficient in linear scale 
respectively. is obtained from [4]. Scene width is the same 
as Locomotive width  Major objective is to detect 
objects on railway track in low visibility. Safe distance of 
detection is considered to be 200 m. from the receiving 
antenna mounted in train. The attenuation at 94 GHz is about 
0.6384 at 200 m distance in the presence of O2 [4]. From the 
antenna design parameters and the range (200 m), we find that 
spatial resolution is about 32 cm. So, number of resolution 
cells (pixels) in the scene is equal to 3m/32cm  10. Two 
different scenes are considered for the simulation.  
Scene-I: Here we place a metal and a concrete object between 
the railway tracks. The dimension of each of the objects is 
kept same as the dimension of a resolution cell. In case of 
metal, 0   and 1 .  is 0 at millimeter wave frequency. 
The background illuminating temperature is around 100 K. 
Therefore, Te = 100 K. The effective temperature of the 
concrete and granite are 292.85 K and 187.3 K respectively. 
As granite stones and concrete sleepers are distributed 
between the two metal tracks, the effective temperature of this 
section is the average of both of them =240.075 K. The rail 
tracks and adjoining metals together is considered to have 
dimension equal to one resolution cell. 
Scene-II: Here, the scene objects are considered same as in 
scene-I, but the width of the metallic object is (1+2/3=5/3) of a 
resolution cell. The width of other objects are same as in 
scene-I. 

V. RESULTS AND DISCUSSION 
Three different cases are demonstrated in Fig.5; a metal, a 
concrete slab, railway tracks, concrete sleepers, and granite 
stones comprise the scene in (a) normal weather, (b) fog (50 
m. visibility), and (c) heavy rain (25 mm/h). Reconstructed 
images are compared with the original image in Fig.5. 
Received power by the detector from different objects 
considered in the scene are provided in Table-I. Received 
power from individual resolution cell is scaled up to form the 
reconstructed image. The received power fro. Reconstructed 
image in clear weather does not make any difference with the 
reconstructed image in fog and therefore appears to be visible 
to MMW detectors. Received power in heavy rain needs more 

amplification than in clear weather due to large attenuation 
and objects can then be detected from the reconstructed image. 
It is also recognized that, though both granite and concrete 
sleepers are present in the original image, average received 
radiometric temperature does not provide the scope to detect 
either of them. Fig.6 shows imperfect reconstruction of the 
scene at 200 m distance from the receiver. The original scene 
contains metallic object with 52 cm width, which is 5/3 of a 
resolution cell in dimension. So, a part of the object with one  
 

TABLE I. Received power from different objects  
Cases Object Received power 

Clear weather metal 2.7531e-14 W 
Concrete 8.0625e-14 W 
granite 5.1566e-14 W 

Heavy rain metal 7.7625e-17 W 
Concrete 2.2732e-16 W 
granite 1.4539e-16 W 

 

 
Fig.5 Reconstruction of concrete and metal in fog (200 m distance) 

 

 
Fig.6 Imperfect scene reconstruction (200 m distance) 
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resolution cell width is identified in the sixth cell of the  
reconstructed image. The radiometric temperature of the rest 
of the part i.e. last (52-32) =20 cm of the metallic object is 
averaged out with that of the granite and concrete sleepers and 
received at the receiver. The radiometric temperature of this 
seventh cell is (292.85+187.3+100)/3 =193.3833 K. Though 
the metallic section of the seventh cell cannot be distinguished 
from the reconstructed image, the distinct intensity of this cell 
may help to predict about the existence of any other object 
apart from granite and sleepers. In Fig.7, the scene contains 
the same elements considered in Fig.5 with same dimension. 
The scene images are acquired over five discrete successive 
acquisition time interval. As the distance between scene and 
receiving antenna is set to 200 m, the image of the area is 
formed due to the movement of the train. It can be noticed that 
for the first three acquisitions the 

 
Fig.7 Reconstruction of concrete and metal in fog over five time cells 

 
concrete and the metal object do not come in the scene. From 
the 4th acquisition, they are within 200 m distance from the 
train and therefore available in the image. The same happens 
for the 5th time cell due to the length of the two objects in 
along the railway track. 

VI. CONCLUSION 
PMMW imaging technique is used in this paper to identify 
distant objects as a means of collision avoidance of trains on 
railway track. It is shown that poor optical visibility due to fog 
and heavy rain can be negated by developing identifiable 
reconstructed image of static objects situated far from the 
observer. Imperfect reconstruction of objects having width of 
non-integer multiple of unit resolution cell is demonstrated 
here. The image of the area of the scene created due to train 
movement is also discussed, which may help to understand the 
dimension of unwanted objects on the path along with 
direction of train movement. 

REFERENCES 
[1] Roger Appleby, Rupert N. Anderton, “Millimeter-Wave and 

Submillimeter-Wave Imaging for Security and Surveillance”, 95, No. 8, 
August 2007 | Proceedings of the IEEE. 

[2] Juan B. Nogueira-Nine, R. A. Stirling-Gallacher Sony Deutschland 
GmbH, Reducing the acquisition time in a single sensor passive 
millimeter wave (PMMW) imaging system utilizing compressive 
sensing Proc. of SPIE Vol. 8188818803-2. 

[3] David Michael Patrick Smith, Aspects of Small Airborne Passive 
Millimeter-Wave Imaging Systems, PhD Thesis, March 2010. 

[4] Larry Yujiri, Merit Shoucri, and Philip Moffa, Passive Millimeter wave 
Imaging, 1527-3342, September 2003, IEEE Microwave magazine.

[5] Y. Álvarez, Fernando Las-Heras, and M. R. Pino, “Reconstruction of 
equivalent currents distribution over arbitrary three-dimensional surfaces 
based on integral equation algorithms” IEEE Trans. Antennas Propag., 
vol. 55, no. 12, Dec. 2007. 

[6] C. Vázquez, C. García, Y. Álvarez, S. Ver-Hoeye, and Fernando Las-
Heras “Near Field Characterization of an Imaging System Based on a 
Frequency Scanning Antenna Array”, IEEE Trans. Antennas Propag., 
vol. 61, no. 5, May. 2013. 

[7] Y. Álvarez et.al, “Submillimeter-Wave Frequency Scanning System for 
Imaging Applications” IEEE Trans. Antennas Propag., vol. 61, no. 11, 
Dec. 2013. 

[8] P.F.Goldsmith, “Focal plane imaging systems for millimeter 
wavelengths”, IEEE Trans. Microwave Theory Tech., vol. 41, no.10, 
Oct. 1993.  

[9] Thomas A. Milligan, “Modern Antenna Design”, 2005, Second Edition, 
IEEE Press. 

[10] Merill.I.Skolnik, “Introduction to Radar Systems”, 2001, Third Edition, 
The McGrawhill Publications. 

[11] R.C. Hansen, Phased Array Antennas, 2009, Second Edition, John Wiley 
Press.  

 

                                    Proceedings of International Symposium on Antennas and Propagation APSYM 2014

Department of Electronics, Cochin University of Science & Technology, Kochi, INDIA.      139



Analysis and Characterization of Dual-loop Phase-locked Synthesizer to Realize Improved 
Performance in Millimeter-wave Frequency 

Sukhendu Bhanja(1), Mousumi Sarkar(2), Arijit Majumdar(3) 

 (1) SAMEER , Kolkata, India, Pin 700091, Email: sukhendu.bhanja@mmw.sameer.gov.in 
(2) SAMEER , Kolkata, India, Pin 700091, Email: mousumi.kundu@mmw.sameer.gov.in 

(3) SAMEER , Kolkata, India, Pin 700091, Email: arijit@mmw.sameer.gov.in 

Introduction: Microwave and millimeter wave RADAR & communication  system in recent 
times uses synthesized source realized by Phase Lock Loop (PLL) in receiver system for 
improved stability and phase noise of the system. In such synthesized sources one can use 
either single loop or multi-loop (normally dual-loop) phase-locked oscillator. 
   A typical Dual-loop phase-locked source can be realized using the scheme proposed in [1]. 
In [1] the dual loop PLL is characterized by extending   the transfer function of single loop 
PLL. Studies on single loop PLL [2-4] and dual loop PLL [5-8] has been reported in literature 
for synthesizer design. A generalized approach to analyze and characterize the time domain 
and frequency domain performance of synthesizer using dual loop PLL is presented in this 
communication.   
     In this paper we have made detailed analysis and derived generalized phase transfer 
function for a multi-loop PLL useful for synthesizer application. While doing this we have 
initially made measurement on VCO and the synthesizer and used these measured data to 
optimize the dual loop performance in terms of stability and phase noise. The system is 
highly stable with phase margin of 47.5 deg and gain margin of 15.7 dB. The phase noise at 
34.65 GHz system is measured to be  - 87 dBc/Hz @ 100 kHz off-set from the carrier.  

Description of the Dual Loop PLL: A scheme for a dual loop PLL [1] is shown in Fig.1. 
The main loop stabilizes the voltage controlled oscillator ( VCO) in the frequency range of 
34.4 GHz to 34.7 GHz while the auxiliary loop (C-band synthesizer) with same configuration 
stabilizes the  VCO at a frequency  from 4.21 GHz to 4.375 GHz. Using a harmonic mixer 
and the output signal of C band loop , the  frequency  of the main loop (Ka-Band) is down-
converted to 700 MHz where frequency divider is readily available. The reference frequency 
is generated from a crystal oscillator (OCXO ) at 10 MHz which is used as reference for both 
the synthesizers .The reference frequency is compared with the down-converted signal at 700 
MHz using phase frequency detector IC (ADF4106) .The charge pump output is filtered and 
is used to stabilize the VCO at Ka-Band. 

Stability Analysis :The fundamental equations for stability analysis are open loop equation, 
closed loop equation and phase error response .All these functions has been determined 

                                    Proceedings of International Symposium on Antennas and Propagation APSYM 2014

Department of Electronics, Cochin University of Science & Technology, Kochi, INDIA.      140



Fig.1 Block Diagram of dual loop PLL at Ka band        Fig.2 Block Diagram of Total PLL with Additive Noise Sources

from the transfer function of the loop filter [3-4].
 The phase transfer function for the total loop is given in (1) 
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, the phase transfer function for the auxiliary loop.

o  / c is output phase of total loop & auxiliary loop respectively. 
i is input phase of total loop 

 Kd / K dc is Phase detector gain for main loop & auxiliary loop respectively. 
 Ko/ Koc is VCO-gain constant for main loop & auxiliary loop respectively. 
 N/ Nc is Feedback path divider value for main loop & auxiliary loop respectively. 
 R/ Rc is Reference divider for main loop & auxiliary loop respectively. 

M  is the multiplying factor of the harmonic mixer 
F(s) / Fc(s) is transfer function of the loop filter for main loop & auxiliary loop 
respectively. 

The generalized equation (1) may be used to obtain the single loop equation as described 
in [2]. 
 The phase transfer function is optimized for different parameters by changing the 
values of the loop filter components. The transfer function has been chosen to place all the 
poles in the right half plane implying the system to be stable. The transient response due to 
frequency switching can be determined by the step response of the closed loop transfer 
function. Assuming linear operation of the phase detector it will be sufficient to calculate 
only the unit step response .The phase margin and gain margin can also be optimized by 
using Bode diagram of the total transfer function. Table I shows the optimized values of loop 
filters for both the loops. 

Phase Noise Calculation: Superposition principle has been applied for noise calculation of 
the total loop as shown in Fig.2.  Noise generated or added in individual block has been 
added either at their respective inputs or outputs [7]. Noise being random in nature and 
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uncorrelated , respective spectral densities corresponding to SSB response can be added to 
derive the overall noise. 
     TABLE I 
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Experimentally obtained phase noise data of VCO in the main loop and that of auxiliary loop 
is fitted in the general phase noise equation (3) as detailed in [9]: 
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The constants in the above equation are evaluated by equating the measured experimental 
data with the above general equation. 
The noise from loop Filter (SV,F ), phase detector(S ,F ), N-divider (S ,D,n ) and multiplier
(S ,MU,n ) in Fig.2 has been modeled using equations given in [7]. 
The total phase noise is obtained from (2) and plotted using MATLAB which closely matches 
with the experimental data as shown in Fig3. 

Experimental study : To realize the hardware of the dual loop phase lock source shown in 
Fig.1 we have designed the C band synthesizer, Ka band directional coupler ,C band 
amplifier , IF amplifier ,Phase Frequency Detector (PFD) card with loop filter. To obtain a 
good phase noise of the dual loop a ultra low noise fractional-N type C-band synthesizer has 
been designed and developed using Mini-circuit VCO   and Analog Device Phase Frequency 
Detector card ADF4156.The loop filter used in  the loop is optimized and a phase noise of  -
97 dBc/Hz @ 10 kHz is obtained within the frequency range of 4.21 to4.37 GHz. Minimum 
step size obtained for the loop is 1.5 kHz. Output of the C-Band synthesizer is amplified 
using two stage amplifier to drive the local oscillator port of the harmonic mixer. The IF 
output of the harmonic mixer is amplified and fed to the PFD card. The amplifier at C-band 
and IF is designed using Minicircuit IC GVA-84+ and MAR-6+  respectively. The output of 
the PFD card  is filtered using optimized loop filter and it drives the VCO control. The output 
of the VCO is passed through a cross slot narrowband directional coupler having coupling of 
12 dB . 

LOOP  

LOOP FILTER COMPONENTS  
Component values Phase 

Margin 
(Deg) 

Gain 
Margin 
(dB) 

Settling time 
(ms) R1 

( )
R2 
( ) 

C1 C2 C3 

Main Loop 820 10 6.8p
F 4.7pF 150p

F 47.5 15.7 0.2 
C-Band Loop 150 320 33n

F 
156n
F 5pF 
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Fig.3 Comparison of Phase Noise of the Total Loop      Fig.4 Hardware configuration for the total loop 

Using  these designed components and the harmonic mixer from Agilent Technology , 
VCO from Millitech , OCXO from Axtal , the total hardware of the dual loop phase lock 
source had been assembled which is shown in Fig.4. Phase noise of -87 dBc/Hz @ 100 kHz is 
achieved within a band width of 300 MHz (From 34.4 to 34.7 GHz ). 

CONCLUSION : In this paper a generalized approach for multiloop PLL design  dual loop 
synthesizer at Ka band has been analyzed and designed. The components in the loop filter are 
optimized for maximum stability and improved phase noise. The optimized values are 
experimentally verified in C-band and Ka band loops. The experimentally measured phase 
noise data of C band synthesizer and Ka band VCO is used to model the phase noise of the 
total loop. Phase noise of -87 dBc/Hz @ 100 kHz has been achieved at Ka Band. 
Experimentally measured phase noise closely matches with the simulated one. 
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Abstract: This paper discusses about active and passive phased arrays and the 
importance of transmit/receive modules for active phased array applications.  
This paper details about the configuration, architecture  and functions of transmit/ 
receive modules highlighting the importance of phase shifter and attenuator 
inside the T/R module. This paper also discusses about the features of  a 
realised monopack Transmit/ Receive module in X-band  and its suitability to be 
used in active phased arrays based on the phase and amplitude characteristics.  

 
 

                                    Proceedings of International Symposium on Antennas and Propagation APSYM 2014

Department of Electronics, Cochin University of Science & Technology, Kochi, INDIA.      144



                                    Proceedings of International Symposium on Antennas and Propagation APSYM 2014

Department of Electronics, Cochin University of Science & Technology, Kochi, INDIA.      145



                                    Proceedings of International Symposium on Antennas and Propagation APSYM 2014

Department of Electronics, Cochin University of Science & Technology, Kochi, INDIA.      146



 

[2]. .

 

 

                                    Proceedings of International Symposium on Antennas and Propagation APSYM 2014

Department of Electronics, Cochin University of Science & Technology, Kochi, INDIA.      147



Abstract: In this paper, an 8-port unequal amplitude equal phase power 
divider with arbitrary power divisions terminated by arbitrary impedance is 
considered and is useful for both component miniaturization and easy design 
facilities due to as many sets of design equations as possible. Arbitary 
design impedance technology in the UHF band is proposed. The Power 
divider with input transformer & arbitrary design impedance (A) is introduced  
to control high impedance values. Here the impedance of one of the 
transmission line selected is 15 ohm[a], which is best suited for the 
impedance limitation of 20Ω-80Ω with a large power dividing ratio in 
tropospheric wind profiling radar operating at 430MHz applications where the 
low side lobe levels are required. The simulated results are presented to 
verify our proposed design. 

                        Index Terms — Characteristic impedance, UHF, Arbitary impedance 
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Abstract: A proof of concept implementation of a polyphase channelizer is 
discussed in this paper. Polyphase channelizers are a computationally 
efficient receiver structure in case where the channelization is uniform. The 
algorithm effectively combines a polyphase decimator and a FFT to 
effectively realize multi channel receivers. We have implemented a four 
channel channelizer for commercial FM reception to demonstrate the 
application of the same. 
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Abstract: The problem of Doppler compensation for multicarrier acoustic 
communications is investigated in this paper. The underwater acoustic 
channel poses problems due to the constraints of the medium and related 
propagation laws. The solutions to the same are hence unique in both 
theoretical aspects and practical implementation. We are comparing the 
performance of pulse compression waveforms which are used to 
compensate the Doppler Effect. The choice of the waveform is decided by 
the robustness in the estimation of the Doppler scaling parameter. 
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Abstract: After revisiting the 1-D Digital Travelling Wave 
concept for a lossless transmission line, it is shown analytically 
that this technique is equivalent to the FDTD technique 
formulated for the transmission line. A section of a transmission 
line terminated with different types of loads is then simulated with 
both these techniques & their results are compared to establish 
their equivalence. 
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Abstract: A longitudinal slot in a waveguide has been analysed  
using image series representation along with the recently 
developed closed form point dipole and double dipole 
approximations. The image series convergence has been 
accelerated by applying Levin's t-transform for better accuracy. 
The results from this analysis agree well with those from other 
techniques as well as with measurements. 
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Abstract— this work represents a design of a new CAD model based on neuro-space mapping for 
synthesis of metamaterial atom such as Deformed Ω atom. In the proposed CAD model, a deformed 
Ω atom is transformed to a simple SRR atom using Space-Mapping with FLANN. The input to the 
proposed CAD model is the dimensions of the deformed Ω atom and the output is the equivalent SRR 
atom. From the obtained SRR atom dimension, the permeability is calculated using the available 
closed form formula derived from Lorentz method 
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Abstract: In this paper, we present the design and implementation of an 
end-to end wireless communication system over the air. Evaluation of the 
proposed design was conducted using the Universal Software Radio 
Peripheral (USRP) software defined radio platform and NI- LABVIEW 
software. The received signal is analyzed using scatter plot, eye diagram 
and spectrogram. 
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Abstract: Broadband compact two half U-slot cut rectangular microstrip 
antenna derived from double U-slot cut rectangular microstrip antenna is 
proposed. The slot cut antenna gives bandwidth of around 1000 MHz 
(~50%) with broadside radiation pattern and gain of around 7 dBi over the 
complete bandwidth   
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Abstract: The analysis to study the broadband response in shorted plate 
slot cut rectangular microstrip antenna is presented. The slot reduces the 
resonance frequency of higher order TM1/4,1 mode of the shorted patch and 
along with fundamental TM1/4,0 mode yields broader bandwidth of more than 
550 MHz (~60%). The proposed analysis will help in understanding the 
functioning of slot cut shorted antennas     
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Abstract: Proximity fed broadband 900 and 600 Sectoral microstrip antennas 
are proposed. With decrease in Sectoral angle the bandwidth in Sectoral 
patch reduces. At fundamental mode, 900 and 600 Sectoral microstrip 
antenna yields bandwidth of nearly 1200 MHz (>55%) and 1000 MHz 
(>50%), respectively. The Sectoral antennas shows broadside radiation 
pattern with a gain of more than 7 dBi over the complete bandwidth.     
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Abstract: A simple microstrip circular disc antenna to excite circularly 
polarized radiation is presented. In a single-probe fed circular disc sector 
patch, two corners are truncated to obtain circular polarization 
characteristics. The truncation helps to reduce the ground plane dimensions 
making the antenna more compact. The antenna is fabricated on an FR4 
substrate with volume 25 mm x 30 mm x 1.6 mm.The simulated and 
experimental results are compared and are found to be in good agreement. 
The antenna resonates in the WiMAX 3.3 - 3.6 GHz band with 3dB axial ratio 
bandwidth of 2.3% and -10dB impedance bandwidth of 7.8 %. 
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Abstract: A highly miniaturized Zeroth Order Resonant (ZOR) antenna 
loaded with chip inductor is presented. The ZOR property of the antenna is 
confirmed by adding additional unit cells on to the basic structure and 
observing its resonant frequency. The resonance of the antenna is 
contributed by the shunt inductor and capacitor. The measured resonant 
frequency of the antenna is 429MHz.The measured gain of the unit cell 
antenna is -7.5dBi. The return loss characteristics and radiation pattern of 
the antenna are also presented in this paper. 
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Gurveer Kaur (1), Balwinder S. Dhaliwal (1), and Shyam S. Pattnaik (2)

Abstract- This paper presents linearly polarized rectangular smiley antenna loaded with 
metamaterial split ring resonator (SRR) for wearable applications. Slots are etched in simple 
rectangular patch in the form of eyes and smile to form rectangular smiley antenna. Initially 
rectangular microstrip patch antenna resonates at 10 GHz. The slotting results in dual band 
resonance at 5.24 GHz and 9.56 GHz. The SRR loading of rectangular smiley antenna enables 
the antenna to resonate at 4.46 GHz and 5.31 GHz with enhanced gain and directivity due to 
metamaterial resonance. The gain is enhanced from 1.38 dBi to 4.82 dBi and directivity too is 
improved from 1.71 dBi to 5.08 dBi at lower resonant frequency of 4.46 GHz. The size of the 
metamaterial loaded antenna is reduced by 49.3% for 4.46 GHz frequency. 
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Abstract: Miniaturization is very important in today’s modern wireless communication systems and to achieve this, 
physical separation between transmitting and receiving antenna has to be as low as possible for trans-receiver 
system. This introduces mutual coupling between the two antennas due to surface wave interference and near field 
radiations when both antennas shares common ground plane. This degrades antenna performance. The paper 
suggests a technique to improve electrical isolation between two patch antennas sharing common ground and 
separated by distance of λ/24. Thin wire (TW) metamaterial (MTM) which exhibits negative permittivity. Plasma 
frequency for TW was same as resonance frequency of patch. At this frequency direction of propagation is reversed. 
Thus it can be used as electrical insulator to surface waves and near field radiations. An array of TW MTM had been 
inserted at the center of two patches. Insertion of TW array enhances the isolation between closely spaced patches. 
This reduces mutual coupling due to surface waves. Thus 10 to 12 dB improvement in isolation had been observed. 
This had improved antenna parameters such as impedance bandwidth and antenna efficiency. There is no 
improvement in radiation pattern. One more TW array of the same dimensions had been inserted at the radiating 
edge of the one patch. Number of unit cell of TW in both array had been kept same. Insertion of this TW array results 
in overall improvement of 20 dB isolation. This improves radiation pattern and antenna gain.  Also simulations had 
been carried out for various positions for TW array. Results for all these configurations had been compared. Increase 
in number of TW array does not affect antenna parameters and isolation as compare to configuration in which one 
array is placed at the center and another array is placed at the radiating edge of single patch. Thus this configuration 
can be the optimized one as compared with other configurations.  This configuration was fabricated and 
measurements were carried out. Hence close resemblance had been observed between experimental and simulated 
results and was within tolerable engineering limits. Simulated and experimental results show that insertion of TW 
array enhances isolation almost 20dBs. Enhancement in isolation improves antenna impedance bandwidth. Also this 
improves radiation pattern. This also results in improvement in gain. Thus placement of TW array enhances isolation 
due to which improvement in antenna parameters had been observed. This allows close placement of microstrip 
antenna elements. Limitation of suggested technique is that range of frequencies over which isolation enhancement 
was obtained is narrow. 
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Abstract: A novel compact asymmetric coplanar strip line fed electrically 
small antenna for wireless local area network is proposed in this paper. The 
antenna resonates at 2.4 GHz (WLAN) band. The antenna has an overall 
dimension of only 1cm X 1.6cm which shows a good size reduction 
compared to antennas operating in the WLAN band. The uniplanar design, 
simple feeding and compactness make it easy to be integrated in circuit 
boards. 
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Parameter Value (mm)

L 16.1
W 10.5
Lg 8.4
Wg 7.7
Sw 2.6
Hm 6.6
Mw 0.5
Cg 0.5
Sg 0.2
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Abstract:
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Abstract: A microstrip fed UWB monopole antenna design with triple band-
notches is proposed in this paper. The antenna has a T-shaped stub 
introduced in the radiation patch, two U-shaped stubs beside the feeding line 
and two slits in the bevel shaped ground plane. The proposed antenna has 
an overall size of 32×26mm² with a VSWR<2 performance over the 
operating frequency range of 2.8 - 11.0GHz. The stubs and slits are so 
designed that three bands of frequencies, namely, 3.3 - 4.0GHz (WiMAX), 
5.05 -5.90GHz (WLAN) and 8.0 - 8.4GHz (SATCOM) are the notched. The 
proposed antenna is simulated using a frequency domain solver and a time 
domain solver with comparable results, indicating that it is a good candidate 
for various UWB applications. 
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Abstract: The paper presents a CPW-fed printed semicircular monopole 
UWB antenna with slots etched in the ground plane and feed line for band 
notching. L-shaped slots are inserted in the ground plane to notch out the 
frequency band for world inter operability for microwave access (WiMax 3.3-
3.7 GHz) and a U-shaped slot is inserted in the CPW feed line to notch out 
the frequency band for wireless local area network (WLAN 5.15-5.825 GHz). 
The design is simulated using Ansys HFSS and radiation characteristics of 
the antenna show high rejection in the notch bands, omnidirectional radiation 
patterns and low group delay.  
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Abstract: A compact coplanar waveguide (CPW) fed ultra wide 
band (UWB) monopole antenna with dual band-notched
characteristics is presented. The antenna consists of a 
truncated circular disc and a semi-elliptical ground plane with 
an overall size of 25 mm x 20 mm x 1.6 mm. The band-
notched performance is achieved by etching two simple 
resonant structures, a folded U-slot and a U-slot, on the 
radiating patch. The measured 10 dB return loss bandwidth 
covers 3.1 GHz to more than 12 GHz, with one notch 
frequency band at WiMAX (3.35– 3.8 GHz) and the other at 
WLAN (5.5–5.9 GHz).The antenna has promising features, 
including good impedance match, moderate gain and small 
group delay variations (<1 ns) over the entire UWB band.
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Mary Rani Abraham, Sona O. Kundukulam, Abdul Wahab and U.Ganesan

Abstract: A printed monopole antenna for airborne applications 
is presented. Blade antennas are preferred antenna structure 
in airborne applications due to their light weight and 
aerodynamic shape. Airborne platforms may fail to provide 
sufficient ground plane for blade antennas due to space 
constraints. As a solution for this, various configurations of 
printed monopole antenna have been studied and arrived at an
optimum design. The proposed ground plane independent 
antenna provides a 2:1 VSWR bandwidth of 25% using 
resistive loading.
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Abstract:   A compact micro strip-fed linearly tapered slot antenna (LTSA) is 
proposed for frequency notched Ultra-Wide Band (UWB) applications. The 
notch frequency is achieved by introducing a quarter wavelength spur-line in the 
feeding microstrip line of the antenna. The designed antenna is highly compact 
with an over-all size of 38mmX36mm exhibiting a -10 dB impedance bandwidth 
ranging from 1 GHz to 18GHz. The antenna provides consistent gain and stable 
radiation pattern. The L-shaped spur line contributes to the notch frequency 
aimed to avoid interference from 5-6GHz WLAN band. 
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Abstract: A compact coplanar waveguide (CPW) fed corrugated fractal 
monopole antenna with a modified ground plane is presented. The main 
objective is to obtain ultra wideband (UWB) characteristics from a simple 
microstrip monopole antenna while maintaining their features. A wideband 
behavior and good impedance matching are obtained by modifying the 
ground plane to semi-trapezoidal shape. Further, the self-similar fractal 
property is utilized in the radiating element to enhance the bandwidth. The 
proposed antenna exhibits a wider impedance bandwidth from 3 GHz to 11.2 
GHz for S11 ≤ –10 dB. By increasing the number of fractal iterations to 
three, a fractional bandwidth of about 125.3% (impedance bandwidth ratio 
3.73:1) is achieved. The total volume of the presented antenna is 18×12×1.6 
mm3. The simulated antenna characteristics are presented and discussed. 
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Abstract: The paper describes the realization of C-band omni-directional 
antenna for stealth application. RCS is an important parameter for stealth 
applications. RCS analysis of designed antenna has been carried out using 
Integral Equation solver of ANSYS's HFSS full wave EM   Software. 
Designed antenna has been simulated for monostatic RCS in both Azimuth 
as well as elevation plane at C-band. Measured RCS of antenna is less than 
20 dBsm in both planes. Measured results closely resemble to simulated 
one. 

RCS of antenna is important parameter for this application because it 
decides the resultant RCS of low observable platforms. RCS of antenna can be due to 
either structural mode scattering or antenna mode scattering. 

short circuit, open circuit and matched load termination. 
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Abstract: The A resonance gain antenna (RGA) has been designed using a 
compact nontransparent elliptical superstrate. A probe-fed cylindrical 
dielectric resonator antenna (CDRA) has been used as a primary radiator of 
the proposed RGA to achieve impedance bandwidth above 18%. Such 
compact elliptical superstrate geometry of size   /2 assures to give about 
13.3 dBi of gain with significant side lobe level (SLL) below -11 dB. 
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Abstract: Controlling of higher order modes and harmonics in an aperture 
coupled Dielectric Resonator Antenna (DRA) has been explored. A compact 
design employing Defected Ground Structure (DGS) has been used at 
antenna input to suppress the unwanted frequencies appearing up to 4 times 
the fundamental one. Application of DGS has been discussed and the 
suppression characteristics have been experimentally demonstrated. No 
detrimental effect caused by the DGS on the radiations of the fundamental 
mode has been ensured experimentally. 

                                    Proceedings of International Symposium on Antennas and Propagation APSYM 2014

Department of Electronics, Cochin University of Science & Technology, Kochi, INDIA.      263



tsub 

defect CDRA aperture 

microstrip  line 

h 

2ad 
Ground 
plane 

εrs 

εrd 

dg 

l 

sd wl ls 

CDRA 

2ad DGS section 

circular stub 

 

s 
hs 

tr 

ro 

ri 

tr 

 d 

rs 

Circular stub 

rm 

DGS #1 DGS #2 

wl wr 

2 4 6 8 10 12
-35

-30

-25

-20

-15

-10

-5

0

S 11
(d

B)

Frequency (GHz)

fundamental
higher order modes/harmonics

                                    Proceedings of International Symposium on Antennas and Propagation APSYM 2014

Department of Electronics, Cochin University of Science & Technology, Kochi, INDIA.      264



 

 

 

2 4 6 8 10 12
-50

-40

-30

-20

-10

0

 

 

S 21
 (d

B)

Frequency (GHz)

DGS 
with stub

cascaded
DGS

2 4 6 8 10 12
-35

-30

-25

-20

-15

-10

-5

0

 with DGS
 without DGS

 
 

S 11
 (d

B)

Frequency (GHz)

                                    Proceedings of International Symposium on Antennas and Propagation APSYM 2014

Department of Electronics, Cochin University of Science & Technology, Kochi, INDIA.      265



 

 

 

 

 

 

 

-150 -100 -50 0 50 100 150
-35

-30

-25

-20

-15

-10

-5

0

5

 without DGS
 with DGS

 

 

G
ai

n 
(d

B
)

Angle (degree)

co-pol

cross-pol

-150 -100 -50 0 50 100 150
-35

-30

-25

-20

-15

-10

-5

0

5

cross-pol

 without DGS
 with DGS  

 

G
ai

n 
(d

B
)

Angle (degree)

co-pol

                                    Proceedings of International Symposium on Antennas and Propagation APSYM 2014

Department of Electronics, Cochin University of Science & Technology, Kochi, INDIA.      266



Abstract: The paper discuses realization of high gain pillbox based fan 
beam antenna at 38 GHz with low side lobe level. The antenna consists of a 
pillbox structure fed by a sectoral horn antenna. The feed horn has been 
simulated and optimized on ANSYS HFSS software. This antenna is 
vertically polarized and is fed by dominant mode of WR-28 waveguide. 
Realized gain of the antenna is 36 dBi and side lobe level lower than -17 dB.   
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Abstract:In this paper, the theoretical and simulation study of two-element 
linear broadside rectangular dielectric resonator antenna array has been 
carried out. Conducting conformal strip excitation is proposed to excite the 
DRA array. The Return loss and input impedance characteristics of the 
proposed array have been investigated in S-band of microwave frequencies 
using the finite-difference time-domain (FDTD) method. Numerical results 
have been compared with Simulation results using Ansoft HFSS 2014 
simulation software. Good agreement between the calculated and simulated 
results is obtained.  
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Antenna Parameter Value
Length of DRA; (l) 20 mm 
Width of DRA; ( w) 12 mm 
Height of upper segment; (h2) 5 mm 
Height of lower segment; (h1) 12 mm 
Dielectric constant of  upper segment 
DRA; (εr) 9.8 
Dielectric constant of  lower segment 
DRA; (εr) 2.1 

Thickness of Substrate 1.6 mm 
Substrate dimensions  
Ground plane  dimensions  
Spacing between element (d) 37.5 mm 
Height of metallic plate 13.4 mm 
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Abstract: In the present work, the Artificial Neuro-Fuzzy Inference 
System (ANFIS) based CAD model is proposed to predict the 
return loss performance of a hexa-band Planar Inverted-F 
Antenna (PIFA). The PIFA physical parameters are given as 
inputs to the proposed CAD model, while the antenna return loss 
characteristics over a desired frequency band is obtained as the 
output. The CAD model output is compared with that of the 
commercially available full wave solver and it is found in close 
agreement. Moreover, for the given model, various ANFIS 
parameters are changed and their effects on the results are 
studied and thoroughly summarized. 

 
Introduction: Antenna design for mobile handsets has become a subject of interest amongst 
the researchers since its inception. Prior to 1990s, external antennas like helix, monopole or a 
combination of helix and monopole antenna were used in mobile handsets [1]. The 
technological advancements, increasing demands for flexibility in industrial design and 
reduction in SAR has led to the development of planar antennas. One of the most employed 
planar antennas in mobile handsets is PIFA [1].  Structurally, PIFA consists of a ground plane, 
substrate, a metallic patch, a shorting pin/plate and a feed line. It operates at λ/4 length and is 
very suitable for a small and light weight application such as, an internal antenna of a mobile 
handset [2].  
 

Till recent years, conventional electromagnetic modelling techniques were being used to 
design and analyze the performance of PIFA. However, it is known that, the conventional 
techniques involve complex analytical models and extensive computations which make them 
complicated and time consuming. In the recent years, researchers have explored many soft 
computing techniques, such as artificial neural networks, genetic algorithm, fuzzy logic, etc. to 
predict the performance of various complicated antennas including PIFA. The present paper 
proposes an ANFIS based CAD model to predict the return loss characteristics of a compact 
hexa-band PIFA over a broad frequency spectrum. The results obtained through ANFIS model 
are validated with that of the commercially available full wave solver. Also, various ANFIS 
parameters, such as, types of membership functions, number of membership functions, the size 
of training data set, etc. are varied and their effects on the overall performance of the CAD 
model are studied and discussed at a length. 
 
Planar Inverted-F Antenna: In the present work, the PIFA geometry suggested in [3] is 
referred for developing the ANFIS based CAD model. The PIFA geometry under consideration 
consists of a long radiator, a short radiator and is designed to have triple-resonance 
characteristics. The first resonance frequency operates at GSM (880–960 MHz) band while the 
second and third resonance frequencies operate at DCS (1710–1880 MHz), PCS (1880–1990 
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MHz), UMTS (1920–2170 MHz), WiBro(2300–2390 MHz) and Bluetooth (2400–2480 MHz). 
Thus, in true sense the geometry offers hexa-band performance. The said antenna geometry is 
shown in Fig. 1.  

 
Fig. 1.   Schematic of PIFA under 

consideration 
 

 
 
l1 = total length of the long radiator 
l2 = total length of the short radiator 
a = length of the horizontal portion of the short radiator 
d = distance separating long and short radiator 
lf = distance between the feed point and the shoring pin 
 

Artificial Neuro-Fuzzy Inference System: Artificial Neuro-Fuzzy Inference System (ANFIS) 
is a combination of fuzzy system and artificial neural networks [4]. It combines the explicit 
knowledge representation of a fuzzy inference system with the learning capability of artificial 
neural networks. The advantages of ANFIS include: fast convergence due to hybrid learning, 
ability to construct good input membership functions and automatic search of non-linear 
connection between inputs and outputs. A simple ANFIS structure is shown in Fig. 2.  
 

 
Fig. 2.   Simplified ANFIS architecture 

 
Development of ANFIS based Model: In this section, development of ANFIS based CAD 
model is discussed. For the present PIFA problem, antenna physical parameters a, d and lf are 
taken as input to the model, while antenna return loss is expected as the model output. The 
proposed ANFIS model is suitable for obtaining return-loss over a frequency band of 0.5 to 3 
GHz. As it may be difficult to cover entire band using a single ANFIS model, it is decided to 
develop 51 such models as shown in Fig. 3. Each of the models provides the value of return 
loss at single frequency starting from 0.5 to 3 GHz with a step size of 0.05 GHz. The necessary 
data for training and testing the ANFIS model are generated using full wave solver (FWS). The 
complete description of the proposed ANFIS model including the size of training and testing 
data set is given in Table I. The next step in the sequence is to train each model such that it 
results into minimum error (below 5 %). Once, all the models are trained properly, they are 
tested for their effectiveness. Generally, the testing data set is different from the training data 
set. The effectiveness of the proposed model is assessed based on the two statistical parameters, 
namely the Coefficient of Determination (R2) [5] and the Root Mean Square Error (RMSE).  
 
Results and Analysis: This section presents: (i) the results obtained from the proposed ANFIS 
model, (ii) their comparison with the results obtained through full wave solver and (iii) effects 
on results due to change in different model parameters. The effect of change in the number of 
training data sets is summarized in Table II. Later on, for a given set of input data, the outputs 
are obtained by changing the type of membership functions. The outcomes of this study are 
summarized in Table III. From the table, it can be observed that the trapezoidal type of 
membership function can produce the best results as compared to the other types for the present 
problem. 
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Fig. 3.   Proposed ANFIS based CAD model 
 

TABLE I 
DESCRIPTION OF THE ANFIS BASED CAD 

MODEL 
Parameters Value 

Number of training datasets 1300 
Number of testing datasets 288 
Number of membership 
function 

5 

Number of epochs 20 
Type of membership function Trapmf 
Number of nodes 286 
Number of fuzzy rules  125 
Total number of parameters 560 

 

 
TABLE II 

EFFECT OF CHANGE IN NUMBER OF TRAINING DATASETS ON MODEL STATISTICAL 
PARAMETERS 

Size of Training Dataset R2 RMSE 
700 0.958 1.74 

1040 0.973 1.38 
1300 0.979 1.23 

 
TABLE III 

EFFECT OF CHANGE IN TYPE OF MEMBERSHIP FUNCTIONS ON MODEL STATISTICAL 
PARAMETERS 

Type of MF R2 RMSE 
Gaussian 0.956 1.79 
Generalized bell 0.974 1.38 
Pi-shaped 0.978 1.24 
Sigmoidal 0.978 1.24 
Two Gaussian 0.978 1.23 
Trapezoidal 0.979 1.23 

 
The number of membership functions for trapezoidal type of membership function are 

changed and the results for all the cases are obtained for a = 33mm, d = 4mm and lf =15mm 
case. All such results are plotted in Fig. 4. From the careful observation of the results, it can be 
concluded that the accuracy of results increases as the number of membership function 
increase. However, it is also noticed that the increase in number of membership functions also 
increases the computation time. 
 

The proposed ANFIS model is also checked for different sets of testing data sets. Based on 
the exhaustive study and analysis of all 288 combinations of testing data sets, it is found that 
the trapezoidal membership function gives very accurate results for all the combinations. 
Considering the space constraints, the results for only two testing datasets are presented in Fig. 
5.  For all these cases, it can be easily seen that the results from the proposed ANFIS model are 
in close agreement to FWS. 
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Fig. 4.   Return loss characteristics for different number of MFs for Trapezoidal MF 

 

 
  

(a)                                                                                                     (b) 
Fig. 5.   (a) Comparison of return loss characteristics for a = 16.5mm, d = 4.5mm and lf = 11.5mm 

     (b) Comparison of return loss characteristics for a = 33mm, d = 4mm and lf = 15mm 
  

Conclusion: In the present work, a novel ANFIS based CAD model is proposed to analyze the 
return-loss characteristics of a PIFA.  It is observed that the return-loss obtained from the 
ANFIS based model resembles closely to that obtained through the full wave solver. For the 
antenna geometry under consideration, the trapezoidal membership function gives accurate 
results as compared to other membership functions. However, there is no thumb-rule for 
selection of the type and number of membership functions. Increase in the number of training 
datasets will increase the accuracy of the results but at the cost of computation time. Also, 
increase in the number of membership functions will increase the accuracy of the results but 
with a rise in the computation time. As compared to the FWS which takes hours to solve the 
problem, the proposed model takes very less computation time, in terms of few minutes, and 
gives accurate return-loss characteristics of the antenna. Computer RAM of the order of GB is 
required to design the hexaband PIFA using a FWS, while only a few KBs file is required by 
the proposed model. Utmost care should be taken in generation of training datasets, selecting 
the type and the number of membership functions and validation of the models.  
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Abstract This paper gives design and optimization of a 
medium gain antenna operating in dual circular polarization 
and can handle high power onboard a satellite. The antenna 
has to provide coverage in some specific directions off the 
satellite’s principal axes to have RF link during critical mission 
operations. A novel way of adjusting the boresight and at the 
same time minimizing the antenna weight is discussed. This 
antenna is proposed to be used for satellite telemetry, 
tracking and command operations along with transmitting 
payload data in S-band for India’s Mars Orbiter Mission. 
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Eaineesh Pundir, Raj Kumar, PK Verma

Abstract: Present paper describes design, simulation & 
optimization of 300 mm  narrow beam cassegrain antenna at 
94 GHz for long distance communication system. The feed for 
the antenna has been simulated on ANSYS HFSS software 
while reflector and sub  reflector have been simulated on 
TICRA’s GRASP9 software. Simulated gain of antenna is 48 
dBi and its side lobe level is better than 25 dB at 94 GHz. The 
simulated results of the antenna closely resemble with the 
designed values.  
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Abstract: A hemispherical dielectric resonator antenna (DRA) 
excited by a double step junction coupled waveguide is studied 
theoretically. The double step junction is used to increase the 
coupling from waveguide to DRA. The problem has been 
analyzed by solving coupled integral equations obtained by 
imposing magnetic field boundary conditions at various 
apertures using method of moments. The DRA, slot and the 
steps are analyzed using Green's function and modal analysis 
is performed for waveguide. The proposed structure 
guarantees more than 98% coupling. 
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Abstract: Antenna plays a vital role in communication. Now days, several 
factors are considered in the design of an antenna. In many electronic 
gadgets, microwave antennas, especially micro strip type finds many fold 
applications. The improper design of the antenna may lead to several 
biological problems, like tissue heating, cancer and other behavioral 
symptoms, if these electronic gadgets come so close to our body. In the 
present work, we proposed a novel coplanar strip line fed compact antenna 
design with high speed data rate, low near field power and compact 
structure, suitable for next generation wearable gadgets. Reduced Specific 
Absorption Rate (SAR) can be achieved with proper reflective masking. The 
proposed antenna works in the 5GHz frequency band and satisfies the most 
advanced wireless standards of IEEE 802.11/ac. The antenna is fabricated 
on low cost and light weight single sided FR4 ((((((((( =4.4, Loss Tangent = 0.02, 
Thickness = 0.8mm) epoxy based material. It can be equipped with any 
wearable gadgets having minimum size of 10x10mm that needs data 
connectivity. 
 

Index Terms:
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Abstract: Electromagnetic wave slow down using cascaded 
FSS layers is presented in this paper. The slow wave 
propagation scenario is attained by introducing the tunnel band 
corresponding to the magnetic resonance of the stacked 
plates. The dispersion analysis of the structure is done using 
the simulation and is verified in the experiment by conducting 
the transmission and reflection measurements. 
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Abstract: The radar cross section reduction can be achieved by controlling 
the reflections from the surface of the structure. Plasma envelope is one of 
the ways to control the reflections and scattering from the surface. The 
overall reflection characteristics of homogeneous plasma over a RAM 
covered conducting surface are discussed in this paper. The reflection 
coefficient of the plasma covered RAM structure is derived using impedance 
transformation in multiple dielectrics method. The effect of plasma 
parameters, such as electron density, collision frequency, plasma thickness 
on absorption behavior of plasma-RAM-conductor structure.
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Figure 1 Four layered structure: Plasma with RAM covered PEC 
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Figure 2 Comparison of the reflection behavior of four-layered and three-
layered structures Ne = 5×1017m-3, Ven = 28 GHz,d2 = 4.5 cm 
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Figure 3  Effect of plasma thickness on four-layered plasma-RAM 

Figure 4 Effect of collision frequency on reflected power 
Case1: Plasma without RAM, Case 2: Plasma with RAM  
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Figure 5  Effect of electron density on the reflected power 
 Case1:Plasma without RAM, Case 2:Plasma with RAM 
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Abstract: A fully passive printable chipless RFID tag based on Stepped 
Impedance Resonator (SIR)is proposed. By suitably selecting impedance 
ratio(K) and length ratio (α)  of the SIR structure first order harmonic 
frequencies are shifted away from the desired band. The tag is fabricated on 
RT Duriod (((((((((  and tanδ=0.0009) substrate. . Data is encoded in 
frequency domain and Frequency Shift Coding is used to enhance 
data encoding capacity of the tag. The proposed RFID tags have an 
operating range of 40cm in the outdoor environment. Theoretical and 
numerical methods are used to verify the measured resonant 
frequencies of the tag. 

Keywords: Chipless RFID, Stepped Impedance Resonator, 
Backscattering, Frequency Shift Coding 
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(1 (1) (2) (2)

, ,

Abstract:A compact polarization independent RFID tag 
employing multiple resonators is proposed. The prototype of 
the tag is fabricated on a low loss FR4 substrate of dielectric 
constant 4.4with height 1,6mm. Designing a reader for chipless 
RFID is a hard task since both the polarization and operating 
frequency agility have to be implemented. The tag design 
proposed in this paper is polarization independent, making the 
design of the reader easier. A prototype of 3bit data encoded 
tag is demonstrated. This new design is experimentally 
validated in the frequency domain.
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M. N. Sujatha(1), K. J. Vinoy (2)

Abstract: A near Perfect electromagnetic absorber is designed by the addition of a ring layer below the square 
patch AMC structure. This is characterized by bistatic radar cross section measurements to ensure that there are 
no scattered fields in other directions. The resulting absorber structure is thin, polarization independent and 
consists of a low cost commercial substrate (FR4).  
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Abstract: This paper presents a Frequency Selective Surface (FSS) that 
functions as a band stop filter to shield the GSM 900 MHz downlink band, 
allowing the uplink frequency signals to pass through it without significant 
attenuation. The FSS is designed to exhibit a stopband in the 935-960 MHz 
band with a transmission below -15 dB and a passband in the 890-915 MHz 
band. The structure based on a transparent acrylic substrate can be used in 
the wall, window or balcony of the top floors of high rise buildings near the 
mobile phone towers to reduce the radiation hazards along with successful 
communication.  
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Abstract: The Design and development of a UHF RFID tag which exhibits 
good read range over the entire azimuth and elevation angular ranges is 
reported in this paper. The proposed RFID tag is designed to operate in the 
UHF RFID frequency bands in India, which is 865-867 MHz’s. A T-matching 
is employed to achieve good impedance matching between the RFID chip 
and the tag antenna. 
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Abstract: The design and development of a novel RFID tag based on multi-fractal cantor 
structure for  operation  at UHF band  (865-867 MHz)  are  presented.  The performance of the 
tag is evaluated by measuring the read range using STA IRO507E RFID reader and a read 
range of 8.1m at boresight direction is obtained. The read range measurements of the tag for 
different azimuth and elevation angular ranges of the tag orientation are presented. The tag 
exhibits good read range over wide azimuth angular range and over the entire elevation angular 
range.  
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Figure1a. Different levels of iteration           
of multi-fractal cantor geometry
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Figure 3. Structure of the RFID tag based on multi-fractal structures 
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Measurement Methodology:
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Abstract: The electromagnetic (EM) performance of nosecone radomes of 
hypersonic flight vehicles degrade due to variation of dielectric properties 
resulting from large temperature gradient existing across the radome wall. 
Such radome walls can be modeled as inhomogeneous planar layer (IPL) 
structures consisting of stacked layers of dielectric materials with varying 
dielectric parameters. In the present work, the EM modeling of radome wall 
of a tangent ogive nosecone radome made of RBSN Ceralloy 147-010F in a 
hypersonic environment has been carried out based on IPL model. 3-D 
Raytracing in conjunction with Aperture Integration Method has been used 
for the computation of EM performance parameters of antenna-radome 
system. The present study establishes the potential application of IPL based 
radome wall model for better EM performance predictions of streamlined 
airborne radomes in hypersonic environments. 
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Abstract: This article presents a new compact microstrip lowpass filter with 
sharp roll-off and ultra wide stopband using corner cut triangular patch and 
modified funnel patch resonators. The patch resonators are placed 
symmetrically about a high impedance central microstrip line. The filter has 
been designed and fabricated using low cost FR4 material. The experimental 
results show very good agreement with the simulated results and 
demonstrate that, the sharp roll-off and good stopband performance is 
obtained by the proposed filter. The 3 dB cutoff frequency of the proposed 
filter is at 2.5 GHz with a roll-off of 85 dB/GHz and its stopband extends up to 
9.95 GHz.  
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Abstract: The paper presents a radio frequency micro-electro mechanical 
system (RF MEMS) based switchable tri/dual/single band bandstop filter 
(BSF). Tri-band BSF is designed using  stubs loaded open-loop resonators. 
It is shown that three stopband of bandstop filter is fully and separately 
controllable using the length of stubs and the length of open loop resonators. 
This property of controlling stopbands using stubs are used to design 
switchable tri/dual/single band bandstop filter using RF MEMS switches. 
Based on the selection of RF MEMS switches four  different kind of 
responses are achieved.  
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Abstract: MEMS Phase shifters have received a lot of attention as an 
enabling technology for low cost, high performance passive phased arrays. 
Compact structure is important to increase process consistency and 
reliability of the device. In this paper, we present compact MEMS DMTL 
phase shifter using RF MEMS switch. The miniaturization is obtained by 
incorporating DGS structure in the ground. These DGS structure increase 
the current path hence enabling more phase shift. This helps in reducing the 
number of MEMS switches. So, the DGS structure is implemented and 
phase shifts of 11.25, 22.5, 45 and 90 degree are obtained.  

The distributed phase shifters are attractive for its simple fabrication and wide 
bandwidth. So, distributed MEMS transmission line (DMTL) phase shifters are essential 
components in phased array antennas for telecommunications or radar applications [3]. The 
distributed MEMS transmission line (DMTL) consists of a high impedance line that is 
capacitively loaded by the periodic placement of MEMS bridges [1]. There is often 
understated drawback of the distributed phase shifter is its long length. If the number of 
sections can be decreased or if the individual sections are shortened while maintaining the 
desired phase shift, the overall phase shifter length can be reduced. 

The compact MEMS DMTL phase shifter is obtained by the different methods and 
designs which are discussed below. 
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Material Length Width Thickness
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The parameters of the switch can be calculated by using the formulas as listed 
below: 

The pull in voltage is given by  

                                          (1) 

                                        (2) 

The switching time is given by  

                  (3) 

                                             (4) 

Initially the unit cell with two bridges of same H shaped fixed – fixed flexure is 
implemented and observed the phase. Later the numbers of bridges are increased to three to 
obtain the 11.25 degree phase shift.  
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As the number of bridges increases the design becomes complex so the concept of 
DGS in introduced in the ground plane due to which the electrical path length increases and 
contributes more amount of phase shift by which the desired phase of 11.25 degree is 
obtained with less number of bridges as shown in figure 2. 

Similarly 22.5, 45 and 90 degree phase shifters are obtained by periodically increasing 
the radii of the dumbbell shaped DGS.      
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Low Voltage RF Mems Capacitive Shunt Switches 

 
 

Abstract This paper presents a low voltage RF MEMS capacitive switch based on fixed-
fixed beam structure using meanders designed on silicon substrate having stiff anchors 
around the membrane. The performance of the switch for four different shapes of the 
membrane is been proposed in this paper. The buckling effect in the switch and stiction 
problem has been the primary concern and can be reduced with this proposed design 
approach due to stiffness of the anchors around the membrane. Lower mass of the beam 
and lower spring constant is achieved as the meanders are included on the sides of the 
membrane. The proposed switches are optimized to operate in k-band that results in low 
insertion loss of -0.034 dB, -0.21 dB, -0.28 dB and 0.47 dB, high isolation of 36 dB, 43.5 dB 
and 48.1 dB and 38 dB, and pull-in voltage of 8.1V, 10.2V and 9.6V and 3.5V respectively 
are achieved. 

Keywords—RF MEMS; low-actuation voltage; silicon substrate; capacitive switch; high 
isolation; spring constant; meanders; anchors 
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Abstract: A microstrip bandpass filter (BPF) using asymmetric coupled 
short-circuit terminated stepped impedance resonator (ACS-SIR) is 
designed.  In this approach, asymmetric coupled lines are used to replace 
the normal SIR structure. The structural parameters of the ACS-SIR are 
calculated analytically according to the center frequencies of the filter. To 
validate the design, a fourth order chebyshev ACS-SIR dual band bandpass 
filter for dual-band mobile applications (UMTS and WIFI bands: 1920-
2170MHz and 5.6-5.875GHz) was fabricated and measured. The filter 
provided an insertion loss of 1.05 dB and 1.38 dB, return loss of -19 dB and -
15 dB, and bandwidth of 32.30% and 10.3% at 1.95 GHz and 5.8 GHz, 
respectively. The proposed method is compact and provides high roll off 
between the two pass bands compared to the existing schemes.  
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Abstract 

Ultra low temperature sintarable Ca3V4O13 ceramics have been prepared through solid state ceramic 
route. Phase purity and structural properties of the ceramics are studied using X-ray diffraction and Laser 
Raman spectroscopy. SEM studies reveal a dense microstructure for the well sintered ceramics. The sample 
sintered at 650°C for 4h shows maximum density of 2.62 g/cc together with r=9.4, Q×f=28000GHz and           

f = -51ppm/°C. 
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Jasmi .J*(1),  Manju Bhaskar(1), and Thomaskutty Mathew(2)

 

 

Abstract: Dual band bandstop filters are realized by etching periodic patterns 
of split ring resonators(SRR) on either sides, in close proximity to a 
transmission line. This article presents a modified hexagonal SRR in the 
design of dual band bandstop filter with narrow stopbands at 2.07GHz and 
2.55GHz. The new structure shows size miniaturization and increased 
stopband rejection level than the conventional hexagon shaped SRR filter. 
Simulation results of the structures are validated through measurements. 
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Abstract: A dual band polarizer is proposed in this work which is capable to 
convert dual frequency, dual linear polarized wave into dual frequency 
circular polarized wave. The polarizer is designed and measurement results 
are presented.. Achieved Axial ratio from experimental results is 0.801dB 
and 1.8dB at 1.486 GHz and 2.592GHz respectively. 
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Split Ring at Ring width Split gap Inner radius Split angle 

Top layer 2mm 1.4mm 11mm 40deg 

Bottom layer 1mm 1mm 5mm 280deg 
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Frequency Simulated Axial ratio (dB) Measured Axial 
ratio(dB) 

1.486GHz 0.66 0.801 

2.592 GHz 1.1 1.8 
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 [6] CST Studio Suite 2006 Advanced Topics CST-Comp. Simulation Technology, 
2014. 
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Abstract: Bioceramics are widely used for medical implantation applications. 
Biphasic Calcium Phosphate is popular for its bioresorbability and balanced 
mechanical properties. A biofilm based on biomaterial Arrowroot and 
Biphasic Calcium Phosphate is prepared, and tested for its suitability as 
microwave phantom material. Cavity perturbation method was used for 
dielectric characterization of the film.  
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Introduction: Wireless technologies have touched all aspects of human life and are enabling 
greater levels of convenience. Wireless energy meter networking is one of the major steps in 
this direction. This uses a secure wireless networking technology for providing two way 
communication between energy meter and the distributor system [1]. Hi-tech smart energy 
meters have extraordinary features such as real time or near real time energy monitoring, 
automatic meter reading, levying bill charges according the demand profile and online bill 
tracing by the hour, by the day or by the month [2, 3]. In India, SRD860 band has been 
proposed for this application. Designing boards with size constraint, especially with an 
integrated antenna is a major challenge as it is the heart of wireless communication . 
 

 Due to various technological advancements, the size of the modern wireless system 
reduces by the year, and hence the design of various types of miniaturized antennas has been a 
hot topic among antenna researchers [4]. The size of most conventional antennas depends on 
the wavelength of operation. Thus for a low frequency antenna, the size will be larger as the 
wavelength is inversely proportional to the frequency. To reduce the size of the antenna, 
several approaches are available in the literature. Planar antennas such as microstrip antennas 
and printed dipole and monopole antennas are compact in size and are often preferred for most 
applications in modern wireless systems [5]. Planar Inverted-F Antenna (PIFA) is one such 
configuration widely used in modern wireless communication systems [4, 5]. By this approach 
we can reduce the size of the antenna up to /8 without seriously compromising other 
parameters such as the efficiency, gain, directivity and bandwidth. Therefore PIFA is highly 
suited for the wireless board of energy meters. The antenna proposed here is a modification of 
the PIFA that can be printed directly on the PCB of the wireless module [4]. Radiation 
efficiency of the antenna is measured using Wheeler Cap Method. 

 
 This paper is organized as mentioned with an overview of design considerations, then 

discusses the antenna design with certain parameter sweeps followed by discussion on the 
results of antenna and ends with conclusions of this work. 
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Design Considerations: Some approximate formulae based on the experimental results are 
used to determine the dimensions of the IFA. PIFA configuration can be analyzed using the 
transmission line model and Cavity model [4, 6, 7]. Based on a the current path, the total 
length of radiator required can be calculated from 

 

where L1, and L2 are the length of the shorting strip and patch of the antenna; The minimum 
width x of ground plane should be greater than L2 and the length of ground plane should be 
greater than /4 for good efficiency and bandwidth.  

 

 
 

Fig 1: Geometry of the printed inverted F 
antenna 

 

 
 

Fig. 2: Antenna design 
 

 With the operational frequency chosen as 865MHz, /4 is 86.7 mm.  Due to limitations 
in space availability, the antenna designed is smaller than the above guidelines, with 
dimension of ground plane limited to 45×30 mm2 and the rest of the antenna limited to an area 
of size 24×44 mm2  as shown in Fig. 2. The substrate used is FR-4 with 1.6 mm thickness. The 
antenna length is maintained by using a folded radiator, by decreasing the antenna size and to 
meet the frequency specification. 

 
Antenna Design Simulations: The performance of the antenna is analysed using CST 
Microwave Studio.  The performance of the antenna is affected by the distance between the 
feeding line and the short strip [4] and the strip width. The parametric simulations of the same 
are shown in Fig. 3 & 4. The designed antenna has good bandwidth, efficiency and gain at the 
resonant frequency of 865MHz and a Omni-directional radiation pattern.  

 
Fig. 3. S11 plot for varying gap between feed and short 

Shorting strip 

Ground area 

Patch area 

Feed line 
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Fig. 4. 

Experimental Validation: The 
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A. Return Loss Measurement 
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S11 plot for varying the strip width. 

antenna is fabricated by standard photolithogra
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Fig. 5. Antenna Configuration 
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  The antenna performance is evaluated using a vector network analyzer.  The measured 
and simulated results are closely agreeing as shown in Fig. 6, except a slight shift due to 
tolerances such as loss in cable, soldering effects and fabrication errors. The resonant 
frequency is around 870MHz with a bandwidth (-10dB) of 19MHz.  Therefore the fabricated 
antenna work in the wireless band of interest.   

B. Radiation Efficiency measurement 

 Wheeler cap method is used to measure the radiation  efficiency of the antenna [8]. 
The radiation efficiency of this antenna is experimentally evaluated using a metal (copper) 
box size 100×100×75 mm3, where the real part of input impedance of the antenna changes 
from 57.5  in free space to 1.7  in the closed metal box. The radiation efficiency of this 
antenna calculated is 

 
 

This implies that the radiation efficiency of the antenna is 97.05%. 
 
Conclusion: A folded uniplanar inverted F antenna is proposed in this paper for a compact 
antenna with excellent performance at 865MHz. The antenna is fabricated on the commonly 
used FR-4 substrate and has a high value for the measured radiation efficiency. The 
fabricated antenna exceeds the bandwidth requirement.   The large bandwidth can help in 
retaining the operation of the antenna by preventing any de-tuning due to other components 
within the energy meter. 
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[1] Smart energy meter for monitoring of electricity: URL http://www.smart-energy-

meters.com/ 
[2] Smart energy meter automatic bill charging: URL 
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bills/supporting-pages/smart-meters 
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theory.com/antennas/patches/pifa.php 
[7] Z. Qi; K. Fu; T.-Z. Liang, "Analysis of planar inverted-F antenna using equivalent 

models," Antennas and Propagation Society International Symposium, 2005 IEEE , 
vol.3A, pp.142,145, 3-8 July 2005 

[8] W.E. McKinzie III, A modified Wheeler cap method for measuring antenna efficiency. 
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Abstract—This paper presents a small and compact dual-band microstrip antenna for wireless 
applications like 4G LTE and Wi-Fi. Nowadays wireless communication systems require 
antennas with simple structure, wide bandwidth and low cost. The microstrip monopole 
antennas have a lot of merits such as low-cost, low-profile, conformability, and ease of 
manufacture, which make them very attractive. In the proposed antenna, a Co-Planar 
Waveguide-fed monopole antenna with defected ground structure for dual-band Wi-Fi and 4G 
LTE applications is proposed. The substrate used is FR-4 substrate with dielectric constant 
єr=4.4 with substrate thickness 3.2mm and the size of the proposed antenna is 34×17×3.2 
mm.The obtained bandwidth and radiation characteristics make the antenna proper to be used 
for Wi-Fi and 4G LTE applications and it covers 2.29GHz to 2.5GHz band at the center frequency 
2.42GHz and 3.9GHz to 6.2GHz band at the center frequency 5.45GHz. The simulation revealed 
that the peak gain values of proposed antenna is 1.9dB for the lower frequency range whereas it 
is 3.78 dB for the upper frequency range. 
 

Index Terms - Microstrip antennas; Co-planar waveguide Feed(CPW); Defected Ground 
Structure(DGS); Wi-Fi;  4G-LTE;  Dual-band Operation . 
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Abstract: This paper describes the design and analysis of a microstrip ring 
antenna for 5.8 GHz ISM band applications, incorporating parasitic patches. 
The antenna is developed from the square loop and parasitic patches are 
added on the rear side of the substrate. An air gap is provided between its 
substrate and the ground plane. A gap-coupled capacitive feeding technique 
is used to cancel the probe impedance and for achieving higher bandwidth. 
Full wave 3D simulation is carried out based on FDTD modelling technique. 
The proposed antenna is found to provide an impedance bandwidth of 600 
MHz with the return loss of -30dB. A good agreement is found between the 
simulation and measured results.  
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Abstract: A CPW(coplanar waveguide)-fed slotted microstrip 
patch antenna for multiband operation is proposed. Two folded 
C-shaped slot and a U-shaped slot are incorporated in a 
microstrip patch antenna. It also includes dual inverted L-
shaped slots on either side of the feed to provide impedance 
matching. The antenna resonates at five frequencies – 2.02 
GHz, 2.53 GHz, 3.13 GHz, 4.93 GHz and 6.97 GHz.  
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Abstract: In this paper, a new model of TCAS (Traffic Collision Avoidance 
System) Antenna, installed in an Aircraft has been proposed. This proposed 
model is a Dual Patch Slotted Microstrip Antenna designed with HFSS to 
meet the current needs of traffic collision avoidance system and to overcome 
the possible limitations associated with the existing techniques. All simulated 
parameters of the proposed antenna have been verified with the fabricated 
one. A good Reflection Coefficient and VSWR with good 50 Ohm Impedance 
matching, high Gain and perfect directional Radiation Pattern at the 
operating frequencies make this proposed antenna a good candidate as a 
TCAS Antenna. 
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Abstract: This work focusses on the gain enhancement by introducing 2-D 
multiperiodic EBG structures in micro strip antenna for WiMax application. It 
is seen that the EBG structure with dielectric material FR4 (Loss tangent 
0.02) in proximity can be optimally placed along with the patch antenna to 
increase the gain almost as double as compared the patch antenna without 
EBG structure. The objective of this work is to design and study the effect of 
gap between the patch and the Electromagnetic band gap (EBG) structure 
on the bandwidth and gain of the antenna by placing multi period EBG 
structure on the same plane of patch antenna having bandwidth of 300 MHz 
with VSWR 2:1 and Gain of 8.35 is observed which is almost twice when 
compared to Gain of patch antenna without EBG structures. The Gain found 
is stable over the entire frequency band. The results are obtained through 
simulation by using Ansoft HFSS, a commercially available simulation based 
on finite element method. The size of a typical near optimum antenna is 
66.65mm x 70.49mm x 1.57mm with the EBG structure of periodic 
hexagonal  patch of 5x3 can be considered suitable for WiMax application. 
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Abstract: A compact ultrawideband (UWB) Multiple-Input-Multiple-Output 
(MIMO) antenna, with high isolation is proposed for portable UWB MIMO 
systems. The prototype is designed on a substrate of dielectric constant 4.4 
with an overall dimension of 25mm x 30mm x 1.6mm, where two coplanar 
stripline (CPS) fed staircase-shaped radiating elements are connected back-
to-back. The proposed antenna achieved a good 2:1 VSWR impedance 
bandwidth covering the entire UWB band (3.1-10.6 GHz) with a high isolation 
of 20 dB, peak efficiency of 90% and a guaranteed value of envelope 
correlation coefficient ≤ 0.1641. 
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Abstract: In this article, multiple objectives such as null placement and Side 
lobe Level reduction (SLL) in beam steered linear array have been 
addressed using Restricted Search Particle Swarm Optimization (RSPSO). 
In order to achieve the objectives current excitation amplitude has been 
perturbed in a predefined restricted search space for improvement of 
convergence efficiency. Some design examples have been considered and 
compared for multiple and broad null placement along with SLL reduction to 
prove the effectiveness of RSPSO algorithm 
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Abstract: Studies on wideband folded dipole over high 
impedance surface is presented. The performance of different 
types of high impedance surfaces as ground plane for planar 
dipole antenna is investigated. Planar dogbone, ring and 
square patches printed on grounded dielectric substrate are 
considered. While all these structures reduced overall size of 
the dipole, the ring structure gives a better bandwidth 
compared to the other two. 
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R&D Opportunity in the Country – Vis-à-vis Contributions of CSIR-CEERI 
Dr. S.N Joshi 

CSIR-CEERI, Pilani – 333 031 (Rajasthan) 
snjoshi_15@yahoo.com, snj@ceeri.res.in  

 
ABSTRACT

Research and development has a very 
important role for the various advanced 
systems in the country. Based on the 
inventions made by various scientists 
around the globe in the past centuries, 
further research has been carried out 
based on these inventions. Today the 
human mankind around the globe is 
taking advantage of these and 
developing new and new technologies 
based on carrying out further research 
and development. World has really 
changed in last 5 – 6 decades and now 
the growth in technology is almost 
exponential particularly in Electronics 
and IT Sectors. Electronics R&D has 
paved the way for benefit of human 
mankind all across the globe in different 
sectors like communication, health 
medicine, education, energy and many 
more. 
 
In the country, Council of Scientific and 
Industrial Research (CSIR) was 
established in 1942 with the great efforts 
of Pt. Jawahar Lal Nehru, the first Prime 
Minister of the country. CSIR was 
established for carrying out research 
and development in different areas 
including electronics. As on today also, 
CSIR has 37 laboratories in different 
parts of the country and one can find 
presence of CSIR in almost every field. 
Later on, as the demand grew, other 
agencies like DRDO, DAE, ISRO, DST, 
DeitY, NCSM were established with 
time. All these agencies have been 
carrying out R&D in different fields. 
Above organizations also provide 
support to other agencies including 
academic agencies in the country for 
carrying out research and development 
in their respective organizations. In 

addition to above major agencies, R&D 
is also being supported by IITs, NITs, 
IISc, TIFR, Central & State Universities 
and some of the private universities and 
reputed colleges.  
 
CSIR-CEERI was established in 1953 
and the R&D was initiated w.e.f. 1958. It 
has three major areas of R&D (i) 
Microwave Tubes, (ii) Semiconductor 
Devices and (iii) Electronic Systems. 
Over the years, all the respective areas 
have grown significantly with the support 
of CSIR, DAE, DRDO, ISRO, DST, 
DeitY. A strong design as well as 
technological base has been 
established with reasonably well 
infrastructure. This organization has met 
in past the requirement of various user 
agencies and now leaping forward to 
make more challenging roles. CSIR has 
also established an academy known as 
Academy of Scientific & Innovative 
Research (AcSIR) by an act of 
Parliament and under this academy 
CSIR-CEERI has been running 
Integrated M.Tech./Ph.D. Programme in 
three disciplines viz. (i) High Power 
Microwave Tubes and System 
Applcations, (ii) Semiconductor 
Electronics and (iii) Electronic Systems. 
 
There is a great demand in the country 
for pursuing R&D in different areas 
including electronics due to the 
requirement of various advanced 
systems. I would like to thank the 
organizers of APYSM – 2014 for 
providing me an opportunity to project 
this work. 
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Research and Development Activities on Antennas in SAMEER 
 

K. P. Ray 
SAMEER, IIT Campus, Powai, Mumbai-400 076 

E-mail: kpray@rediffmail.com, kpray@sameer.gov.in 
 

Abstract  
Research and development of different type of antennas is one of the main activities of 
SAMEER. Thus, design, development and characterization of antennas for various 
applications are carried out at in all the three main centers of SAMEER at Mumbai, Chenai 
and Kolkata. Different types of antennas for various applications under sponsored and core 
R&D projects have been developed for the different frequency range starting from HF to 
millimeter wave frequency.  For various applications, all types of antennas, such as wire 
(element as well as array), slotted antenna array, horn antennas (both standard as well as 
ridge), helical antennas (normal, axial and printed), loop antennas, blade and air borne 
antennas, conformal (microstrip and suspended) antennas, reflector antennas, antennas 
with defected ground plane and meta material, etc, have been developed and are being 
used in different systems.. Keeping in pace with the fast changing technological scenario, 
most recent types of radiating systems, such as; smart antennas, shared aperture antennas, 
Fractal antennas, UWB antennas, space fed antennas, reflect-array antennas, active 
antennas, reconfigurable antennas, meta materials, frequency selective surface, etc have 
also been developed and tested. State of the art facilities are required to test these 
antennas. SAMEER has developed facilities in various centres. Some of the antennas and 
test facilities will be presented in the invited talk.    
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Dr Hema Singh
Centre for Electromagnetics

CSIR-National Aerospace Laboratories,
Bangalore, India

A low observable platform is often assumed to imply reduced radar cross section (RCS), 
which is primarily a function of controlled electromagnetic (EM) scattering and absorption by 
the structure. The RCS reduction (RCSR) involves both the passive and the active RCS 
reduction. While the passive RCSR has often been realized through shaping and radar 
absorbing materials (RAM), active RCS reduction w.r.t. field amplitude, phase and 
polarization is more difficult to achieve and is often remained an idealized goal. The active 
RCS may be related to the radiation pattern of the antenna mounted on the aerospace 
platform. This involves active cancellation of radar signals from hostile probing sources 
leading to eventual active RCSR and thereby invisibility of the aerospace platform in the 
hostile environment. When the reduced structural RCS is optimized along with the antenna 
RCS, the net combination of the active and passive RCSR is expected to result in an effective 
low observable structure. This lecture emphasizes the contemporary methods and the 
emerging trends in the area of active RCSR as applicable to the aerospace low observable 
platforms. The major aspects covered are the concept of active RCSR, adaptive algorithms 
for active cancellation of probing sources, RCS estimation of phased arrays with mutual 
coupling, multilobe beamforming, multipath mitigation, sidelobe cancellers, and emerging 
RCS reduction techniques.  
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