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ABSTRACT 

in this thesis several antenna elements are designed for use in commercial and personal 

communications systems. The goal of the research is to mode1 and fàbricate working 

antemas capable of both linear and circula. polarization for use in receive and ûansxnit 

applications. A patch-fed cavity is developed for linearly polarized applications, while for 

circularly polarized antennas, the microstrip patch is replaced with a circularly polarized 

dielectric resonator. The cavity antenna produces a gain of 12 dB over a 700MHz band- 

width at K-Band (20GHz) and over a 1 GHz bandwidth at Ka-Band (30GHz). 

The research involves the simulation, design, testing and optimization of the antenna ele- 

ments. Simulation involves the use of the Transmission Line Matrix (TLM) method to pre- 

dict antema performance. These simulations lead to the design of the antenna geornetry 

which is fabricated and tested. Results of the initial design are discussed with respect to 

minimizïng losses and improving antenna perfomance. The iterative optimization process 

leads to the final element. 

ABSTRACT i 



Table of Contents 

.................................................................................................................. Abstract i 
. . .................................................................................................... Table of Contents il 

....................................................................................................... List of Figures iv 

.......................................................................................................... List of Tables xi 
. 

Acknowledgments ................................................................................................. mi 

Introduction ............. .. .......................................................................... 1 

...................................................................................... 1 . 1 Project Background 4 

............................................................. 1.2 Development Tools and Procedures 7 

............... 2.0 Receive Antenna Elements for use in 20GHz Applications 12 

...................................................................... 2.1 Linearly Polarized Elements 13 

............................................................. . 2.1 1 Preliminary Investigations 13 

........................................... 2.1.2 introduction of the Patch-fed Cavity 1 5  

2.1.3 The Transmission Line Ma& Method .................... .. ...... ., ....... 22 

2.2 Circularly Polarized Elements Fed with Microstrip ....................... .... ... 26 

2.2.1 Perturbation of the Linearly Polarized Element ............................. 26 

2.2.2 Alternate Feed Techniques ............................................................ -28 

2.2.3 Implementation of a Nea r Square Patch ..................................... 31 

2.2.4 Implementation of a Cross-Shaped Dielectnc Resonator .............. 35 

Table of Contents Ü 



2.3 S u m m q  .................................................................................................. 5 1  

........... Transmit Antenna Elements for use in 30GHz Applications ... 53 

..................................................................... Linearly Polarized Elements -54 

Circularly Polarized Elernents Fed with Microstrip .................................. 62 

3.2.1 Attempts with a Near Square Microstrip Patch ......................... -62 

3.2.2 Design and Test of the Cross-Shaped Dielectric Resonator .......... 64 

3.2.3 Simulation and Design of the Cross-fed Cavity ............................ 69 

Circularly Polarized Elements fed with Stnpline ...................................... 86 

3.3.1 Simulation of the Saipline-fed Cross ............................................ 86 

3.3.2 Simulation and Testing of the Cross-fed Cavity ............................ 90 

................................................................................................... Summary -99 

.................................................................................... Conclusions 101 

..................................................................................... 4.1 Future Directions 103 

........................................................................... ............................ Re ferences .. 104 



List of Figures 

................................................................................ 1 -1 Cavity backed antenna geometxy 5 

.......................................................................... 2.1 EH 143 Oversized microstrip patch 1 3 

2.2 Geometry of an aperture-coupled microstrip patch .................................................. 14 

2.3 Radiation Pattern of the Probe-Fed EH 143 H . 0 G H z  .......................................... 1 5 

......................................... 2.4 Geometry of the Aperture-Coupled Patch-fed Cavity 1 6  

...................................... 2.5 MBES representation of the rotationally symmetric cavity 18 

......................................................................... 2.6 MBES Simulated Radiation pattern 1 8 

2.7 MBES Simulated Cavity gain as a function of radorne thickness(&) ...................... 20 

2.8 Radiation pattern of the optimized Linear Polarized Cavity f= 1 9.5GHz ................ -2 1 

2.9 Radiation pattern of the optimized Linear Polarized Cavity f= 1 9.7GHz ................. 21 

2.1 0 Meshing of the Cavity Element, Mesh size=0.2mm, Nx= 1 80, Ny480 .................. 25 

2.1 1 Electnc Field (Ez) observed along the microstrip feedline ...................................... 25 

2.12 Potential Altemate Feeds ................................. ..... .................................................... 29 

2.13 Anempt at Producing Circular Polarization with crossed slots ................................ 29 

List of Figures iv 



............. 2.14 Attempt at Producing Circuiar Polarization with asyrnmetric crossed slo ts 30 

........... 2.1 5 Attempt at Producing Cucdar Polarization with parasitically coupled slots 30 

2.16 Ensemble Simulate. Retum Loss of Aperture-Coupled Near Square Patch ........... 32 

............. 2.17 Ensemble Simulated Axial Ratio of Aperture-Coupled Near Square Patch 32 

2.18 Ensemble Simulated Far Field Pattern Et); P h i 4  + 19.6GHz ................................. 33 

2.19 Ensemble Simulateci Far Field Pattern EB; P h i 4  f=19.6GHz ................................. 33 

2.20 Circular Polarization achieved with a Near-Square Patch-fed Cavity f= 18.8GHz ... 34 

2.2 1 Circular Polarization achieved with a Near-Square Patch-fed Cavity * 19.OGHz ... 34 

2.22 Circular Polarization achieved with a Near-Square Patch-fed Cavity f= 19.2GHz ... 35 

2.23 Configuration of the Circularly Polarized Dielectnc Cross [53] ........................... 36 

2.24 Circular Polarization Produced by a Cross-Shaped Dielectric Resonator ........... ..... 37 

2.25 Dimensions of the Optimized Cross ........................................................................ -37 

2.26 TLM Stepped Approximation of the Dielectric Cross ................ .. ..................... 39 

2.27 TLM Simulated Retum Loss of the 20GHz Dielectric Cross ................................... 39 

2.28 TLM Simulation of Individuai a m  of the 20GHz Dielectric Cross ....................... 40 

2.29 TLM Simulated Far Field Pattern of the Dielectric Cross + 1 9.0GHz. ................... 41 

2 -3 0 TLM Simdated Phase Difference of the Dielectric Cross + 1 9.0GHz ................... -41 

List of Figures v 



2 -3 1 TLM Simulated Far Field Patteni of the Dielectric Cross f= 1 9.4GHz. ................... -42 

2.32 TLM Simulated Phase Difference of the Dielectrîc Cross + 1 9.4GHz .................... 42 

2.33 TLM Simulated Far Field Pattem of the Dielechic Cross +20.0GHz ..................... 43 

. . * 

2.34 Elliphcal Polanzation Trace .................................................................................... -44 

2.35 Return Loss produced by the Cross-fed Cavity, Radorne thickness=25mil ........... -47 

2.36 R e m  Loss produced by the Cross-fed Cavity, Radome thickness=30mil ............. 47 

2.37 R e m  Loss produced by the Cross-fed Cavity, Radome thiclaiess=35mil ............. 48 

2.3 8 Retum Loss produced by the Cross-fed Cavity, Radorne thickness=40mil .............. 48 

2.39 Cucular Polarkation produced by the Cross-fed Cavity, f= 18.2GHz ..................... 49 

2.40 Circular Polarization produced by the Cross-fed Cavity, e18.4GHz ...................... 49 

2.4 1 Circular Polarization produced by the Cross-fed Cavity, f= 18.6GHz ...................... 50 

2.42 Circular Polarization produced by the Cross-fed Cavity, f= 1 8.8GHz ...................... 50 

2.43 Geometry of the Cross-fed Cavity Element ............................................................. 52 

3.1 Radiation Pattern of the initial patch fed cavity, 628.OGHz .................................... 55 

3.2 Radiation Pattern of the initial patch fed cavity, F29.OGHz ................................... .55 

3.3 Radiation Pattern of the Patch-fed Cavity with Choke ............................................. 57 

. . 

List of Figures vi 



................. 3.4 Radiation pattern of the optimized Linear Polarized Cavity f=29.4GHz 59 

3.5 ûptimized Linearly-Polarized Cavity Geumetry .................................. ...... ............. .60 

.............................. 3.6 Radiation Pattern of a Dielectric Block fed Cavity, f-28.5GHz 62 

............ 3.7 Ensemble Simulated R e m  Loss of Aperture-Coupled Near Square Patch 63 

3.8 Ensemble Simulateci Axial Ratio of Aperture-Coupled Near Square Patch ............. 63 

3.9 Ensemble Simulated Far Field Pattern E@; Phi=O g29.6GHz ................................ 64 

3.10 Ensemble Simulateci Far Field Pattern E0; Phi4 f=29.6GHz ................................ 64 

.......... 3.1 1 TLM Simulated Retum Loss of the Microstrip-fed 30GHz Dielectric Cross 65 

..................... 3.12 TLM Simulated Far Field Pattern of the Dielectnc Cross e30.OGHz 66 

3.13 TLM Simulated Phase Difference of the Dielectric Cross e30.0GHz .................... 66 

3.14 TLM Simulated Far Field Pattem of the Dielectric Cross F-3 1 . OGHz ................... 67 

3.15 TLM Simuiated Phase DiEerence of the Dielectric Cross +3 1.0GHz .................... 67 

3.16 TLM Simulated Far Field Pattern of the Dielecûic Cross e32.OGHz. ................... 68 

3.1 7 TLM Sirnulateci Phase Difference of the Dielectric Cross +32.ûGHz .................... 68 

3.18 TLM Simulated R e t m  Loss of the 30GHz Dielectric Cross and Cavity ................ 70 

3.19 TLM Simulated Far Field Pattern of the Cross-fed Cavity î=28.OGHz .................... 71 

3.20 TLM Simulated Far Field Pattern of the Cross-fed Cavity &28.4GHz ................... 72 

List of Figures vii 



................... 3.2 1 TLM Simulated Phase Difference of the Cross-fed Cavity e28.4GHz 72 

................. 3.22 TLM Simulated Far Field Pattern of the Cross-fed Cavity e28.6GHz 73 

.................... 3.23 TLM Simulated Far Field Pattern of the Cross-fed Cavity e28.8GHz 73 

3.24 TLM Simulated Far Field Pattern of the Cross-fed Cavity f=29.OGHz .................... 74 

.................... 3.25 TLM Simulated Far Field Pattern of the Cross-fed Cavity f=29 .2GHz 74 

3.26 TLM Simuiated Far Field Pattern of the Cross-fed Cavity +29.4GHz .................... 75 

3.27 TLM Sunulated Phase Difference of the Cross-fed Cavity +29.4GHz ................... 75 

3.28 TLM Simulated Far Field Pattern of the Cross-fed Cavity 630.0GHz .................... 76 

3.29 TLM Simulateci Far Field Pattern of the Cross-fed Cavity f=3 1 . OGHz .................... 76 

3.30 R e m  Loss produced by the Cross-fed Cavity, Radome thickness= Omi1 ............... 78 

3.3 1 R e m  Loss produced by the Cross-fed Cavity, Radome thickness= 1 Omil .............. 78 

3 -3 2 Return Loss produced by the Cross-fed Cavity, Radome thickness=20mil .............. 79 

3.33 R e m  Loss produced by the Cross-fed Cavity, Radorne thickness=25mil .............. 79 

3.34 Retum Loss produced by the Cross-fed Cavity, Radome thickness=3 0mil ............. 80 

3 -35 Circdar Polarization produced by the Cross-fed Cavity, W.OGHz ...................... 81 

3.36 Circular Polarization produced by the Cross-fed Cavity, e29.2GHz ...................... 81 

3.37 Circular Polaization produced by the Cross-fed Cavity, e29.4GHz ...................... 82 

Lin of Figures vüi 



...................... 3.38 Circdar Polarization produced by the Cross-fed Cavity. H9.6GHz 82 

..................... 3.39 Circular Polarization produced by the Cross-fed Cavity. f=29.8GHz 83 

3.40 Circuiar Polarization produced by the Cross-fed Cavity. f30.0GHz ...................... 83 

...................................................... 3.4 1 Optimized Dimensions of the Dielecûic Cross -84 

............................................................. 3.42 Optimized Microstrip-fed Cavity Geometry 85 

.............. 3.43 TLM Simulated Retum Loss of the Stripline-fed 30GHz Dielectric Cross 87 

..................... 3.44 TLM Simulateci Far Field Pattern of the Dielectric Cross 629.OGHz 87 

..................... 3.45 TLM Simulateci Far Field Pattern of the Dielectric Cross e30.0GHz 88 

3.46 TLM Simulated Far Field Pattern of the Dielectric Cross +3 1.OGHz ..................... 88 

. 3.47 TLM Simulated Phase Difference of the Dielectric Cross F-3 1 OGHz .................... 89 

3.48 TLM Simulated Far Field Pattem of the Dielectric Cross e32.OGHz .................... -89 

3.49 TLM Simulated Phase Difference of the Dielectric Cross e32.0GHz .................... 90 

3.50 TLM Simulated Return Loss of the 30GHz Dielectnc Cross and Cavity ................ 91 

3.51 TLM Simulateci R e m  Loss for Several Superstrate Thicknesses .......................... 92 

3.52 TLM Simulateci Far Field Pattern of the Cross-fed Cavity e28.OGHz .................... 93 

3.53 TLM Simulated Far Field Pattern of the Cross-fed Cavity e29.OGH.z .................... 93 

3.54 TLM Simulated Phase Difference of the Cross-fed Cavity f=29.OGHz ................... 94 



.................. 3.55 TLM Simuiated Far Field Pattern of the Cross-fed Cavity e30.0GHz 9 4  

................... 3 .56 TLM Simulated Phase Difference of the Cross-fed Cavity e30.0GHz 95 

.................... 3.57 TLM Simulated Far Field Pattern of the Cross-fed Cavity f=3 1 . OGHz 95 

................... 3.58 TLM Simulateci Phase Di fference of  the Cross-fed Cavity f-3  1 . OGHz 96 

3.59 R e m  Loss produced by the Cross-fed Cavity, Radorne thickness=25mil .............. 97 

........... 3.60 Initiai Circula r Polarkation produced by the Cross-fed Cavity, f=29.OGHz 97 

........... 3.6 1 Initial Circular Polaization produced by the Cross-fed Cavity, fX9.5GHz 98 

............ 3.62 Initial Circular Polarization produced by the Cross-fed Cavity. +3 O . 0GHz 98 

List of Fi- x 



List of Tables 

. TABLE 1 Fa. Field components for the microstrip cross 19-20GHz phi*; .................. 45 

. TABLE 2 Far field components for the microstrip cross 29-32GHz phi=O; ................... 69 

. ................. TABLE 3 Far Field components for the microstrip cavity 28-32GHz phi=O; 70 

. ....................... TABLE 4 Far Field components for the stripline cross 29-32GHz p h i 4  90 

. TABLE 5 Far Field components for the mipline 30GHZ cavity 28-32GHz p W ;  ........ 92 

List of Tables xi 



Acknow ledgments 

I wouid like to thank the following: 

Professor Sebak for accepting me as a graduate student, encouraging my research efforts 

and allowing me the opportunity to conduct my research both at the University of Mani- 

toba and at the Communications Research Centre in Ottawa, 

The Directorate of Antennas and Integrated Electronics at CRC, with special thanks to Dr. 

David Roscoe and Dr. Neil Simons whose insights and expertise provided invaluable 

assistance and guidance. Thanks are also due to Dr. Apisak Ittipiboon, Dr. Aldo Petosa, 

Michel Cuhaci, Rene Douville, John Bradley, Carole Glaser, Brian Clarke, and Peter Clark 

d l  of whom helped support my research. 

SPAR Aerospace, Industry Canada, InfoMagnetics and the individual mernbers of the Ka- 

Band project for ailowing me the opportunity to share in their research and their wealth of 

experience and support. 

Dr. Karu Esselle of MacQuarie University for his work on my behalf. 

My fellow graduate students at both the University of Manitoba aud at the Cornmunica- 

tions Research Centre for making my studies enjoyable and welwming me to Ottawa. 

My parents and siblings for passing on their wisdom, encouragement and sense of 

humour. 

My loving wife Danielle for her constant support and trust. 

My darihg daughter Julia for always having a srnile and just one more story to read. 



Introduction 

1.0 Introduction 

In reviewing a history of microwave communications, one can see a shift fi-om larger con- 

ventional antennas to the p ~ t e d  microstrip antennas which fuially gained acceptance in 

the 1970s. Although the performance of the confonnal printed antemas paled in compari- 

son to the more efficient, nigged collections of waveguides and horns, more and more 

research was devoted to the evolution of simple srnall bandwidth printed antennas. Indus- 

try and education both embraced the advantages of thin profile, lightweight antennas 

whose shplicity in design, manufacture and cost outweighed their apparent shortcom- 

ings. Research cculd be dwoted to overcoming the obstacle of lower antenna efficiency; 

surface wave and radiation losses could be minimized and techniques could be developed 

to increase the bandwidth of the radiating device. The implementation of amplifiers and 

simple circuit elements codd also improve performance. It is in this spirit that the follow- 

ing work is presented. In developing antennas for commercial and personal comrnunica- 

tion applications, the creation of novel and innovative designs is required to meet fuhue 

demands. In addition to the physical fabrication of the device, the dwelopment of math- 

ematical models to accurately predict device performance is crucial to timely optimization 

of the antenna geometry. In this thesis, both simulation and physical testing are undertaken 

to develop antennas for use in various communication applications. Insight and under- 

standing were culled fiom a long list of predecessors too numerous to be listed as  refer- 

ences here and it is hoped that this thesis joins this radiant body of knowledge and serves 

to illuminate future endeavours, 



This thesis encompasses work done for the University of Manitoba as well as work on 

projects for the Communication Research Centre (CRC) in Ottawa and a CO-operative 

project between SPAR Aerospace, CRC, The University of Manitoba, University of 

Waterloo and Carleton University. In each case the emphasis has been placed on the 

development and opthkation of radiating elements for physical applications. This intro- 

duction senes to give an overview of some of the project requirements as well as provid- 

ing background on the materials and tools required for the development of the radiating 

elements. Consideration is given to the project history, the software and hardware reqwe- 

ments in simulating proposed designs as well as the physical materials and structures used 

to consûuct the elements. Following chapters mmmarize the work which has been com- 

pleted towards producing radiating elernents for receive and transmit applications for both 

linear and circular polarization at both the K-band (20GHz) and Ka-Band (30GHz) operat- 

ing frequencies. 

Chapter 2 covers work perfomed for receive antenna applications, beginning with the 

e d y  work performed in developing a low profile antema. Starting with an oversized 

patch antenna, several candidates were tested and evaluated. Performance and design 

limitations resulted in the introduction of a cavity geometry which was then analyzed to 

produce the optimal performance. A combination of simulation and physical testing pro- 

duced a linearly polarized element. The next stage in the evolution of the element was 

adaptation to circular polarization. Several simple modifications, which looked promising 

by simulation as well as the use of novel feeds proved to be less ideal in physical testing. 

As a result, yet another element was added to the overall geornetry to produce a circularly 



polarized element This additional complexity required the use of more cornplex simula- 

tion with a transmission line matrix method. 

The Transmission Line Matrix method employed is descnbed in some detail in Chapter 2. 

The resulting designs were then fibricated and adjusted to produce the optimal geometry 

of the antema. Cornparisons between the physicai and simulateci geometries are made and 

an effort is made to explain the deviation between simulation and experiment. 

Chapter 3 covers similar work perfomed for transmit antenna applications, the atternpts to 

produce a iinear polarized element from a simple scaled version of the receive antenna 

were not straightforward. Higher sidelobes in one of the principal planes led to a series of 

experiments attempting to reduce the unwanted effects. Once the linearly polarized ele- 

ment had been finalized efforts were then focused on creating the circularly polarized 

antenna. As with the receive antenna efforts, several candidates were examinai and again 

the TLM software was utilized. Designs were then fabricated tising both microstnp and 

sûipline feeds. Chapter 3 presents several simulations and physical results performed in 

order to optirnize the antenna for both feeds. 

Finally, Chapter 4 summarizes the highlights f?om design to fabrication and tbrough the 

optimization stages. Conclusions are drawn based on the cornparisons between physical 

and simulateci data and some final comments are made on the fbture work which is of 

interest. 
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1.1 Pro ject Background 

Much of the work wntained in this thesis was performed as part of a co-operative effort 

with Spar Aerospace and select universities. The pinpose of the project was to investigate 

fiiture developments in space qualified antenna applications. The goal of the project was to 

develop a space compatible array for satellite use, capable of national coverage across a 

1 GHz bandwidth operating fkom 29-30GHz. Active phased array specifications and phys- 

icai limitations were defined and based on these, a series of tradesffs were analyzed and 

agreed upon. From these agreements, specific objectives were then delegated to each of 

the partners in the project with the University of Manitoba group being in charge of ele- 

ment selection and optimization. Chapter 2 involves the optimization of receive antennas 

in the K-band. Initiai efforts involved the use of oversized microstrip patches. By varying 

the geometry of the patch the antenna, parameters could be adjusted for fiequency, gain, 

operating bandwidth and sidelobe levels. 

Limitations of the design resulted in the introduction of the excited cavity geometry pic- 

tured in Figure 1.1 which would become the focal point of this investigation. The element 

is intended for use in a seven element array environment with a maximum inter-elanent 

separation of two fiee space wavelengths. 

The cavity geometry was then fed by a varieîy of elements, including rectanguiar and cir- 

cular microstrip patches as well as slot-mupled dielectric resonaton. The evolution of the 

cavity backed antenna is traced in the following chapters. At the outset, the cavity geome- 

ûy was sirnulated using a circular patch; parailel efforts at the Communications Research 

Centre led to the development of a linearly polarized rectanguiar patch-fed cavity. 



1 I 
1 I 
1 I 

radome 1 I 

Figure 1.1 Cavity backed antenna geometry 
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Having achieved linear polarkation, the next step was to modify the geometry for circular 

polarization. It was hoped that simple perturbations to the rectangular element would 

achieve circdarly polarized results. Initial attempts involveci alteration of the patch by 

bevelling the corners as achieved in [Il.  Altemately, the use of a nea. square patch was 

investigated as weil as several attempts at novel feeding techniques [2,3,4]. While modest 

success was achieved, the required speçifications necessitated the introduction of an alter- 

nate feed element. 

The choice of a resonating cross of medium dielectric was based on the dielectnc resona- 

tor's ability to achieve circular polarization (CP) with low axial ratio, over a broad fk- 

quency band. Introduction of a dielectric radiating cross as achieved by Dr. Karu Esselle 

[5,6] assisted in increasing the performance. In order to simulate the effects of the cross, 

modifications were made to existing TLM software and these results were used in place of 

the Finite Difference Time Domain (FDTD) methods outlined by Dr. Esselle in [7]. The 

results of these simulations were early prototypes of radiating elements capable of produc- 

ing CP both on their own as well as within the cavity geometry. 

Chapter 3 outlines the process of duplicating the linear and circularly polarized elements 

in the Ka-band. While the experiments were anticipated to be a simple matter of scaling 

there were in fact several impediments to overcome. For the linear polarized element, a 

scaled version of the receive antenna as well as an empincally calculated patch showed 

less than ideal performance. The characteristics of  conceni were the high shoulders evi- 

dent in the E plane pattern and several different methods were attempted to reduce their 

presence. Optimization of the linearly polarized element was successfûlly achieved and 

tben the focus was shifted to the circularly polarized element. As with the receive antenna, 



efforts were made with documenteci microstrip patch techniques however, once again the 

dielectric cross was chosen as the prefmed element 

Simulation of an exact scaled version of the dielectric cross was not possible due to mem- 

ory constraints related the m e s h g  of the geometry within the source code. An approxi- 

mate scaled geometry was analyzed which indicated that the antenna would not radiate 

CP. 

As a result, the effects of altering the geometry height, width and arm lengths were inves- 

tigated to attempt to equalize the field magnitudes and maintain a phase ciifference of 90 

degrees. Several cornputer iterations produced two possible designs, one of which was 

deemed less sensitive to machining toleraaces. Having achieved the optimal design in 

microstrip, the cavity geometry was subsequently modifiai for stripline feeding. As a final 

investigation, simulation was done with varying height of superstrate to show the effects 

of superstrate height on the matching to kee space as well as the shift in operational fie- 

quency. These achievements are surnrnarized in Chapter 4 dong with some supplernentary 

comments on future investigations. 

1.2 Development Tools and Procedures 

Simulation and fabrication of the antenna elements was achieved through the use of sev- 

eral materials and resources. Consideration was given to minimizing the total cost of 

development with the final design being space compatible. Early prototype designs of 

ovasized patches and feeds were developed on a lower cost Rogers RT/Duroid with the 

end goal being to develop the feed as a stripline geometry using Rogers R T h o i d  6002 

having a relative permittivity of E, =2.94 with a very low coefficient of thermal expansion. 



The mode1 shop at the Communications Research Centre (CRC) was used extensively for 

fabrication of metal cavities which have been rniiled fiom dirminimi with strict tolerances 

as welI as for production of the miniature dielectric crosses. The dielectric crosses were 

constnicted from Rogers RT/Duroid 60 1 0 having a relative permittivity of q = 1 0.8. While 

tolerances for the lengths of the cross arms are easily controlled, the sharpness of the inte- 

rior corners were difficuit to ensure. In fact, there is a degree of romding prwalent in the 

dielectnc cross elements, which was determined to be insignificant as far as the perfor- 

mance of the cross was concemeci. Cornectors and launching blocks required for stability 

were also machined at CRC. Feed structures were plotted and out-sourced for photomask 

production with the etching of Duroid being done in-house. Recision markers were used 

throughout to ensure alignment of the structure. Several through holes were used to d o w  

the feed substrates to be firmiy attached to the metal enslaing rigidity of the structure and 

miniminng the possibility of air gaps. Finally the cavity element is topped with a super- 

strate of Alumina (having a relative permittivity of E, =9.9) machined to an appropriate 

thickness allowing the element to be rnatched to free space. 

Simulations have been perfomed using several design tools. Originally, the cavity ele- 

ment was optimized using MBES, a CANCAD Technology package ideal for rotationdly 

symmetric geometries using the Integral Equation techniques discussed in [8]. MBES was 

used to investigate the effect of middle and upper refiecting patches dong with other per- 

turbations to the geometry. These configurations were limitai by the software only dow-  

ing one dielectric to be defined and therefore the entire potential of the exercise was never 

fully investigated. Shaker and Moheb have since foiIowed up on this approach [9]. Initial 

investigations rejected the use of a reflective patch and it was decided to proceed with the 
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minimalist design of only one patch. While the University of Manitoba continued research 

on the circular patch, the project continued using the rectanguiar patch developed at CRC. 

The rectangular patch was later simulated using Panacea, a Transmission Line Matrix 

method describeci in[ 1 O] and summarized in Chapter 2. 

Panacea was at that point intended solely as a check for the Hnpedance matching of the 

cavity element while the simulation of the radiation pattern and axial ratio of circdar 

polarization designs was intended for Ensemble. Ensemble uses a Method of Moments 

(MoM) approach to solve a Mixed Potential htegral Equation (MPIE). The software is 

well-suited to aperture coupled microstrip antennas and multi-layered structures including 

stripline and slotted ground planes. Ensemble was therefore intended to design and sirnu- 

late the radiating patch element which wouid then be used within the cavity. As outlined in 

subsequent chapters, the simulated designs proved capable of achieving circular polariza- 

tion, however the quality of the polarization was less than what had been desired. Severai 

novel feeds and alternate radiating patch geometnes f ~ l e d  to satisfactorily improve upon 

the present design which resuited in the use of an alternative radiating element to feed the 

cavity. 

The dielectric cross developed by Esselle in [6] was simulated at MacQuarie University 

using a finite difference time domain (FDTD) technique and the results at 1 lGHz were 

then repeated for an individual aperture coupled cross at 19GHz. The TLM code was then 

altered to accommodate a dielectric element, in this case, the dielectric cross. Inclusion of 

the cross was difficult in that the cross was rotated four&-five degrees and so the angular 

sides of the cross are not exact but stepwise approximate as detailed in chapter 2. These 

modifications proved successful in approximating the electrical perfomance also per- 



f o d  at Macquarie University using their FDTD technique. This collaboration led to the 

element descnbed in [Il]. 

Using the Panacea code it was then possible to investigate both the performance of later 

designs at 30GHz as well as allowing us to simulate the entire cavity designs both in strip 

line and microstrip configuration. As noted in [12] the TLM method did tend to overesti- 

mate the length of the rnatching stub required in aperture coupling the element feedline. 

In addition to producing the retum loss performance of the feed, the transmission line 

ma& program was modified to produce far field transformations fiom the surface cur- 

rents on the element. Computational memory requirements restricted the geometry toler- 

ances to 0.2m.m cell lengths and so physicd testing and alterations were required to 

achieve more accurate dimensions. 

In addition to the software described above, repeated use was dso made of severai other 

programs including Libra and Touchstone from EESOF which were used in investigation 

of feed structures as well as simple dimensional analyàs for the electncal properties of the 

various materiais used. Numerical computation was performed at both the University of 

Manitoba campus located in Winnipeg and the Communications Research Centre in 

Ottawa. Ensemble and Touchstone software was written for the PC and simulation times 

varied with the complexity of the geometry and m e s h g  used. Panacea, MBES and Libra 

were al1 run on SUNOS SPARC20 and SOLARIS ULTRA SPARC workstations. Due to 

the fine spacing of the mesh, ninning Panacea on the full cavity geometry required nearly 

300MB of RAM to nui a simulation. The ULTRA SPARC is capable of ninning a full cav- 

ity simulation in four hours while the SPARC20 typically requires 8-10 hours. Both simu- 



lations output a near field data file on the order of 85MB. From this output file the near to 

far field transfomation for thirty fiqumcy points can be relatively quickly calculated. 

That is, the transformation takes less than 10 minutes for each plane of interest. 

This chapter has discussed the motivation for the project, the goals and the methodology 

in constructing the proposed antenna elements. in Chapter 2 we will examine the design, 

simulation, fabrication and opthkation of the receive antenna elements. included is some 

background into the TLM software (Panacea) used for simulation. Chapter 3 continues the 

evolution of the antenna elements as they are adapted for use in transmit applications. 

Chap ter 4 reviews the projec t accomplishments, summarizes the contributions and sug- 

gests the future work which may be examined. 



Receive Antenna Elements 

2.0 Receive Antenna Elements for use in 20GHz Applications 

Early design work for the receive antennas was performed at C-Band with the intention 

of scaling the radiating elements for use at K-Band (-20GHz) for receive applications and 

later Ka-Band (-30GKz) for transmit applications. This chapter deals with the first efforts 

at producing a receive antenna. The cavity backed element is introduced as an alternative 

to the original design. Simulation of the geometry is first done using Dr. Kishk's MBES 

program and initial prototypes are tested using a Ncular patch. Dr. Roscoe's optimiza- 

tion of the 20GHz linear patch is then used as a stepping stone for the development of a 

Ncularly polarized element operating at 20GHz. The use of a rectangular patch results in 

dropping the use of the rotationally symmetrk MBES program for Ensemble. The use of 

Ensemble allows us to investigate the results of perturbations to the patch in an effort to 

produce circular polarization. The Transmission Line Matrix method (TLM) based pro- 

gram Panacea is introduced for modeling the microstrip feed. Limited physical success 

results in the investigation of altemate feed arrangements to produce circular polarization. 

These efforts, while promising, do not provide the full capability required. These short- 

comings are overcome by the introduction of the dielectric resonator as a feed element for 

the cavity, replacing the altered microsirip patch. The use of a circuiarl y polarized dielec- 

tric cross is then investigated. In association with Dr. Karu Esselie and MacQuarie Uni- 

versity, a K-Band element is producd using a Finite Difference Tirne Domain method. 

Operation is then validated through physicai testing and duplicate simulation using Pana- 

cea. Finally the cross is designed into the cavity geometry and the entire structure is phys- 



ically realized and optimized. Conclusions are drawn on the performance of the antenna 

and its discrepancy with respect to simulated expectations. 

2.1 Linearty Polarized Elements 

2.1.1 Preliminary Investigations 

Early work on the Ka-Band project resulted in the dwelopment of oversized patches, of 

which one design is shown below in Figure 2.1. These elernents were intmduced by Dr. 

Herve Legay[l3] whose investigations showed that the element propertîes could be aitered 

through manipulation of the various slot widths, lengths and orientations. 

Figure 2.1 EH143 Oversized microstrip patch 

The oversized patch is excited through an aperture coupled feedhe as presented by 

Pozar[14]. This technique is chosen in order to rernove the need for probe connections 

which typically require a larger physical area when used in an array environment In addi- 



tion the geornetry, as shown in Figure 2.2 consists of two dielectnc regions with a feed line 

couphg through a narrow dot in a shared ground plane. This approach allows more room 

for the feed network as well as isolathg unwanted feedline radiation h m  the element 

Physical testing was unsatisfactory in that the oversized aperture coupled patches had dif- 

ficulty achieving the same performance as the probe excited elements, of which a typical 

radiation pattern is presented in Figure 2.3. 

Figure 2.2 Ceometry of an aperture-coupled microstrip patch 

The performance discrepancy was assumeci to be due to air gaps between the two dielec- 

tric layers and other difficdtia with the oversized geornetry. The decision was made to 

attempt a scaled version of the oversized patch for 30GHz, however, these efforts proved 

equally unsatisfactory. While the problems involved with alignment and coupling of the 

feed line were overcome, difficulties were encountered with the radiation pattern. Higher 



sidelobes in one of the principal planes resulted in a lower than required gain. Suppression 

of the sidelobes through alteration of the slot geometry had resulted in a larger coupling 

variation over the desired fkquency band. As a result the gain performance was not ade- 

quate over the entire operating band. Fuaher optirnizations were deferred in favour of a 

new element geornetry. 

Figure 23 Radiation Pattern of the Probe-Fed EH143 f=9.0GHz 

2-13 htroduction of the Patch-fed Cavity 

In this configuration proposed by Dr. Shafai[lS] and reproduced below in Figure 2.4, a 

single microstrip patch is placed inside a cavity approxllnately a half fiee-space wave- 

length in height with a diameter equivalent to 2 fiee space wavelengths and then covered 

with a dielectnc radome- The radome electrical thickness is chosen to be slightly under a 

quarter wavelength. inclusion of the radome is intendecl to cause a unifonn field distribu- 

tion across the aperture maximizing the element gain. The radome pennits resonance as 



the cavity is matched to fke space and optimally provides maximum gain, a function of 

the cavity diameter. Current distribution and input ïmpedance effects on a printed dipole 

have been investigated by Soares [ 161. Increased relative permittivity of the radome 

allowed for stronger coupling to f?ee space, and as a result, the dielectric radome was cho- 

sen to be manufactured out of Alumina with a relative permittivity (~=9 .9 )  much higher 

than the patch substrate. The radome therefore confines fi-hging effects close to the aper- 

ture, minimizing evanescent fields at the edge of the cavity. One of the benefits of this cav- 

ity design is reported in [ 1 71 where the bandwidth of a microstrip patch is increased h m  

4 to 8%. During optimization it was necessary to design the patch for a higher fiequency 

shce the cavity appeared to drop the overall operating fiequency of the element. 

Figure 2.4 Geometry of the Aperture-Coupled Patch-fd Cavity 



The microstrip patch îypically designed as describeci in [ 1, 1 81 is also excited through the 

aperture coupled feedline as presented by Poz& 141 and simuiated using techniques out- 

lined by Saed [ 191. Several numerical methods for analyzing cavity antainas and th& 

application to circular polarization are discussed in the literature [20,2 1,221 dong with 

works related to the microstrip and stripline feeds [23,24,25,26,27,28]. Numericd meth- 

ods for multi-layered conditions such as presented by the appearance of the radome have 

been discussed in [29] which uses a moment method to determine the gain enhancernent 

and alteration in impedance. 

Initial simulation of the cavity backed microstrip patch geometry was performed using 

MBES which assumes a rotationally symmetric geometry as descnied by Kishk[8]. A 

cross section is defined as shown in Figure 2 S. An asymmetnc mesh is typically used to 

produce more exact results in areas of interest, such as corners and boundaries between 

dielectric regions. 

Using a dipole excitation to represent the source, the equivaience principle is invoked and 

the resulting matrix equations Iead to the derivation of the far field Ee and Eg components 

which produce a radiation pattern similar to that seen in Figure 2.6. 

In addition to the probe excited patch at the bottom of the cavity cross section, Figure 2.5 

also shows an additional reflective patch underneath the dielectric radome. This patch was 

inevitably removed from the finai design. MBES also allowed for the investigation of 

additional reflecting patches an aiternate to the MPIE method discussed by Mosig et. al. 

[301- 
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Figure 2.5 MBES representation of the rotationaiïy symmetric cavity 
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F i e  2.6 MBES Simulateci Radiation pattern 



Results of stacked patches have been investigated by Zavosh [3 11 who used the parasitic 

patch to reduce fiequency variation of the input impedance which in t u .  enhanceci the 

operating bandwidth. This increased bandwidth cornes with the trade-off of reducing the 

antema gain and so it was decided to proceed with the simpler single patch design. Fur- 

ther investigations have been undertaken to simulate the effects of stacked patches and 

predict the effect of hi& permittivity on gain, bandwidth, beamwidth and efficiency 

[17,30]. MBES limits the user to one non-unity dielectric constant and therefore a full 

investigation into dielectric spacers was not undertaken. Efforts were concentrated on the 

effects of the dielectric d o m e  of different thicknesses. 

For the case of an Murnina superstrate of 5~9.9, several simulations were run with vaiy- 

ing thicknases of dielectric cover. The results are capturecl in Figure 2.7 which shows a 

maximum gain for a dielectric thickness of approximately 0.08 fkee space wavelengths 

(h). This translates roughl y to a quarter guideci wavelengths where: 

which, substituting for the relative pemiittivity of Mumina and rnultiplying through the 

factor of 0.08 produces: 



Gain VS. Thidmess 

Figure 2.7 MSES Simulated cavity gain as a function of radome thicknessrn 

Parallel work at the University of Manitoba and the Communications Research Centre has 

led to the optimization of a linear polarized radiating element for use at 19.7GHz. The 

entire structure is identical to that pictured in Figure 2.4. The microstrip patch is not circu- 

lar, but rectangular, is built on 1/32" thick 5880 duroid (q=2.33)and is 6mmx4.6mm in 

size. The feed line is built on 0.025" thick 601 0 duroid (q=l O.2)and utilizes a SOS2 trace 

measuring 0.65mm wide and extending 0.76mm past the centre of a 5.lmmx0.6mm slot in 

the ground plane. The 0.737cm hi& cavity measures two wavelengths in diameter 

(2.035cm at 19.7GHz) and is covered by an allmiina superstrate (q=9.9), 0.040" thick 

(-1 mm). This corresponds to a radome thickness of approximately 0.2 guided wave- 

lengths, slightly lower than anticipated by the MBES simulations. Radiation patterns for 

the linear polarized element are shown for fiequencies of 19.5GHz and 19.7GHz. 



F i e  2.8 Radiation pattern of the optimized Linear Polarized Cavity f=195GHz 

Figure 2.9 Radiation pattern of the opomized Linear Poiarized Cavity f=19.7GHz 



Beam symmetry is excellent between the two principal planes and cross-polarization lev- 

els are low. There is some concem about the height of the shoulders in the E-plane, how- 

ever, they appear to be well behaved across the operating bandwidth. For the circdarly 

polarized element the cavity diameter will need to be demeased to allow for its use in an 

array where the maximum element separation is two wavelengths. Further developments 

for millimeter wave applications have been investigated in [32] dong with investigations 

into stacked microstrip patches[30]. 

The use of superconducting metals [33] has been investigated as a method of improving 

the feed coupling, but suffeis fkom low operating bandwidth. This can be overcome with 

thicker substrates and other improved coupling techniques noted in [34]. 

2-12 The Transmission Line Matrix Method 

The Transmission Line Matrix method uses a discrete unifonn mesh of intercomected 

transmission lines where each transmission line has a characteristic irnpedance. By apply- 

ing voltage pulses to the grid the excitation then propagates through the grid as described 

by the algorithm with each pulse representing a discrete component of the field distribu- 

tion. The details of the propagation and the mathematical algorithm have been covered in 

extensive Literature. For an oveMav of two dimensional numerical analysis of generalized 

elements the reader is directeci to 1351. A summary of this cm be found in [12] with 

insight into the algorithms used for this thesis in [36,37] based on works by Hoefer [38] 

and Johnsp 91 



Since TLM is capable of supporting transmission Lines transverse electromagnetic (TEM) 

waves can therefore propagate. The E and H fields can then be fond in terms of a voltage 

pulse v travelling in x and y. The 2-dixnensional model described hl351 provides solutions 

based on Maxwell's equations with and Hz=O. 

The above technique assumes a homogeneous free space environment. This technique is 

then extended to material regions as in [40]. To sununarize this work the pennittivity can 

be realized with an open circuit terminated transmission line of admittance Y. and length 

qua1 to half the mesh size. This stub serves to reduce the wave propagation velocity. 

Altemately, conductivity is realized using a match terminateci transmission line of admit- 

tance Go, again with a length equal to half the mesh size. Here the matched line reduces 

the amount of energy present in the TLM mesh for each time sep. 

In addition, boundary conditions are dorced by terminating the transmission lines with 

reflection coefficients halfway between the two node centres. The inclusion of absorbing 

boundary conditions serves to enforce the appropnate conditions on the field distributions 

dong boundaries. 

In order to analyze the structure of the linearly polarized aperture-coupled antenna, the 

geometry is meshed. Given the cubic nature of the meshing technique the circular cavity 

can either be defined as a stepwise approximation or replaced with a square cavity. For the 

purposes of analyzïng the rehun loss, it is sirnpler to defme a square cavity. A cubic space 

larger than the antenna of interest is chosen, a ground plane is defineci in the ~û plane. 

Simulating with a larger ground plane will improve the accuracy of the model, although 

larger geometries require longer computation times. 



As shown in Figure 2.10, for a cavity of 1.8cm, (as will be used for simulating the geome- 

try at 30GHz), a 3.6x3.6x0.86cm space was used. Given a mesh spacing of 0.2mm, the 

RAM requirernents, given 18 line parameters multiplied by 4 bits per word multiplied by a 

factor of 2 (allowing for incident and reflected pulses) equates to over 200MB of RAM. 

Mernory requirements thaefore follow an N~ relationship, so increasing the geometry size 

or shrinking the mesh size has a drastic effect on memory requirements as well as compu- 

tation tirne. For this reason, a full cavity analysis of the antenna will only be perfonned at 

30GHz and this chapter will only make use of the TLM code to simulate individual ele- 

ments. A Gaussian pulse is used for the excitation and by placing observation points along 

the feed line we can monitor the z component of the electric field and subsequently the 

propagation as seen in Figure 2.1 1. Because the Gaussian pulse has a non-uniform energy 

content with respect to fiequency we must normalize the frequency content of the 

observed field to the frequency content of the excitation. First we see the initial pulse pass- 

ing the observation point at O.Ognsec, this is accompanied with a slight negative pulse cre- 

ated by dispersion along the feedline. The next positive pulse represents the reflection 

fkom the slot travelling back towards the source and that is soon followed by the reflection 

fkom the open circuit termination of the feed line. Successive reflections and some reso- 

nance fkom the microstrip patch senle out afier approximately 3000 tirne steps (1 nanosec- 

ond). The TLM code calculates near field measurements based on the user's choice of 

observation space. The far field patterns can then be generated through a transformation 

fiom far near to far field as outlined in [25]. 



F i e  2.10 Meshiag of the Cavity Element, Mesh size=û.2mm, Nx=180, Ny=180 

Figure 2.11 Electric Field (Ez) observeci dong the microstrip feedline 



2.2 Circularly Polarized Elements Fed with Microstrip 

For many communication applications it is necessary to radiate circular polarkation. 

These antenuas can typically be single or dual f a  although the presence of a second feed 

requires an external polarizer capable of produchg the phase offset required. Classical 

methods of pemirbing the single fed linear polarized element to produce circular polariza- 

tion are outlined in [1] and [4 1,42,43,44,45]. Altemately, it is possible to produce an array 

of linear polarized elements which can be arrangecl to generate circular polarization [46]. 

Techniques for increasing the operating bandwidth of circdarly polarized elements are 

also investigated in [47]. 

The purpose of this section is to minimize the feed design of a potential array element by 

producing a single- fed cavity element . Several classical techniques for producing circular 

polarization are attempted dong with more novel adjustmenîs of the aperture coupling. 

The most attractive solution is the introduction of an alternate radiating element. 

2.2.1 Perturbation of the Linearly Polarized Element 

The first step in developing the element for circular polarization was to attempt the adapta- 

tion of the existing linearly polarized model. Ln order to achieve Circular Polarization, 

bevelling of the patch corners was attempted. Using an exacto knife the 19.7GHz patch 

was bevelled slightly and tested on the network analyzer. The intent is to separate the gen- 

erated mode into hvo orthogonal modes. Within the cavity, the antenna showed prornising 

results with several thicknesses of dielectric radomes. Two resonances occurred which 

suggested the presence of two linear operatuig modes, with a Circularly Polarized band- 



width likely existing between them. Ch the Smith Chart, these dual modes are shown as a 

resonant loop shrinkuig to a point. However, physical testing in the anechoic chamber 

showed that CP was not evident. uicreased bevelling of the patch proved to be unhelpful. 

While single probe feeding techniques are prone to low operating bandwidths, it was 

hoped that the low Q of the cavity would increase the axial ratio bandwidth to a usable 

level. To ensure that the cavity was not having a parasitic effect on the overall perfor- 

mance, an attempt was made to achieve CP ushg the patch alone, separate fiom the cavity 

structure. Axial ratios remained greater than 1 ûdB, so while dual modes may have been 

operating, the phase différence between them was not adequate for CP to occur. 

By itself the patch did not show a resonant loop at the expected frequency. It was postu- 

lated that the cuts made by hand may not have been exact enough and that the patches 

should be etched to ensure a smooth and precise bevelling. In the event quality of the cut 

was not accurate enough, several bevelled patches with different degrees of bevelling (2- 

8% of the patch area) were etched. The 2% bevelled patch showed the expected perfor- 

mance in the s-parameter analysis, suggesting the presence of two linear modes operating 

at 1 9.456GHz and 19.984GHz and the Smith Chart showed the resonant loop has shnink 

to a corner as anticipated. However, as before, the physical results were les than impres- 

sive. Al1 degrees of bevelling failed to produce a CP bandwidth upon testing them in the 

anechoic chamber. The measured Axial Ratio was poor whether the patch was operating 

alone or in the mvity. 

Numerical simulations of the 6mmx4.6mm patch using Ensemble indicated that the patch 

seemed to be incapable of producing CP with a single probe feed with 45 degree cut bev- 



els. Various bevelling techniques and feed positions were attempted with little success. 

Ensemble indicated that reasonable CP could be achieved by using a two probe method as 

well as by using a diagonally located feed on a square patch. Techniques for probe and slot 

feed locations are covered in [48]. 

Rather than increase the complexity of the design with dual feeds, which would be cum- 

bersome in an array environment, alternate methods of generating CP were researched. 

Three different alternatives were explored, the possibility of a new slot-feed mechanism, 

adoption of a near square patch, and the utilization of a new element, specifically a dielec- 

ûic radiating cross element. 

2.2.2 Alternate Feed Techniques 

Dual feed techniques for creating circular polariza tion [2,49,50] with aperture coupled 

patches are less attractive due to the increased complexity of the feed design in an array 

environment. Circular polarization has been achieved with single point feeding [41,5 11 

although these are not techniques which have been p d o m e d  with aperture coupling. Sev- 

eral slot architectures such as those pictured in Figure 2.12 were attempted in hopes of 

inducing circular polarization without the use of a second feed. Many of these were based 

on [3,4], where CP is generated with the use of a directly excited slot and a second slot 

which due to its proximiw, is parasitically excited. Crossed dots fed by a single meander- 

ing line as in 1521 were rejected due to size restnints. The r d t s  pictured in Figures 2.13- 

15 tumed out to be unsatisfactory. Symmetric crossed dots with an offset feed showed the 



most promise aithough the performance is quite rough. The potential for CP operation 

does appear but only over a fairly srnall bandwidth. 

Figure 2.12 Potenthi Alternate Feeds 

Figure 2.13 Attempt at Producing Cücular Polarization with crossed dots 



Figure 2.14 Attempt at Producing Cùcular Polarization with asymmetric crossed dots 

F i e  2.15 Attempt at Producing Circular Polarization with parasiticdy coupled slob 



233 Implementation of a Near Square Patch 

Having failed to produce acceptable circular polarizaîion with classical perturbation meth- 

ods or through the use of a novel feed, efforts were concentrateci on the use of an alternate 

radiating element to feed the cavity structure. The first attempt was made with a near 

square patch, which, it was hoped, would produce two orthogonal modes whose bevelled 

corners would result in a ninety degree phase difference. In order to obtain the radiation 

pattern of a near square patch at 1 9.7GH.2, Ensemble was chosen as the quickest method 

of determining the vaiidity of the design. Several tests were nin with different patch 

dimensions and various degrees of bevelling. For 5880 Duroid of 1/32 inch thickness, the 

design was chosen to be 4.7x4.8rnm in size with opposite corners bevelled 45degrees, by 

removing 1 -1 mm dong each side. Unlike the rectangular patch attempted previously, the 

near square patch proved more amenable to circular polarized operation. 

According to the computed analysis summarized in Figures 2.1 6- 19 the element appears 

to be capable of a c h i d g  circular polarization. The retum loss calculations presented in 

Figure 2.16 suggest only one resonant mode however, given the fkequency step size used 

when calculating the results, it may be possible to miss a second resonance. 

Figure 2.17 indicates that circular polarization should occur ova a 3dB Axial Ratio band- 

width of about 600MHz. The resulting far-field radiation patterns of the orthogonal elec- 

tric field cumponents such as those in Figures 2.18- 19 show the anticipateci beam shape 

and comparable magnitudes. 



Figure 2.16 Ensemble Simulated Return Loss of Aperture-CoupIed Near Square Patch 
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Figure 2.17 Ensemble Simulated AxM Ratio of Aperture-Coupled Near Square Patch 



Figure 2.18 Ensemble Simulated Far Field Pattern E+; Phi=û f=19.6GH. 
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Figure 2.19 Ensemble Simulated Far Field Pattern EB; Phi=O f=19.6GHz 

lnitial physical testing showed that the simulations were accurate in terms of the potentid 

for circular polarization, but that the current geometry had an axial ratio bandwidth of less 

than 300MHz. Results for the operating bandwidth fiom 18.8- 19.2GHz are shown in Fig- 

ures 2.20-22. The discrepancy in the achievable bandwidth may be attnbutable to phase 

m m  at the cavity aperture or possibly a rnisalignment of the feed. 



Figure 2.20 Circular Polarization achieved with a Near-Square Patch-fed Cavity +18.%GHz 

Figure 2-21 Circular Polarization achieved with a Near-Square Patch-fed Cavity f49.0GHz 



F i e  2 2  2 Circuiar Polarization achieveâ with a Near-Square Patch-fed Caviiy f=192GHz 

2.2.4 implementation of a Cross-Shaped Dielectric Resonator 

The third option was that of a dielectric cross as presented in [53] and pictured in Figure 

2.23. The geornetry consists of two rectangular dielectric resonators orthogonal to each 

other in a cross formation. The cross is then positioned at a fourty-five degree angle to an 

aperture coupling slot excited by a microstrip feedline. Previously an FD-TD technique 

has been used to analyze this geometry[5,6,7]. Using the same technique a dielectric cross 

has been suggested for use at K-Band. 

The geometry is chosen so that the two amis of the cross radiate fields which are equal in 

amplitude and 90 degrees out of phase, thus circdarly polarized radiation. When viewed 



on a Smith chart, the two radiating anns will appear with one showing a slight capacitive 

reactance while the other ami shows a slight inductive reactance. Essentially we are 

attempting to design the cross such that the individual amis of the cross produce imped- 

ances which are directly proportional in magnitude with a ninety degree phase ciifference. 

initial designs of the geometry achieved promising resuits with respect to the gain and the 

Axial Ratio bandwidth. Impedance analysis suggests the dielectric resonator to have a 

much wider operational bandwidth than the microstrip patches. In addition, DRAs typi- 

cally have Iowa electrical losses and a high radiation efficiency due to the lack of conduc- 

tor and surface wave losses. As a result, efforts were concentrated on developing the 

Dielechic Cross as the feed element for the cylindrical cavity. 

Figure 2-23 Con@guration of the Circuiarly Polarized Aperture-Coupled Dielectric Cross [53] 

hi tial designs were fabricated Eorn unclad duroid of medium pennittivity (q= 1 0.8) and 

physically tested. Some tuning of the feed line's stub length was required to tune out the 

reactive component of the impedance. Physical testing seemed to indicate that the single 



slot feed was sufEcient for exciting circular polarization, pictured in Figure 2.24 and that 

the alignment of the dielecûic cross was not crucial. The cross was also tolerant of fabrica- 

tion imperfections. Given the mal1 size of the cross, the interior edges were more rounded 

than perfectly square. It was noted that each ann had its own resonance on the Smith 

Chart, one with a capacitive reactance and one with an inductive reactance. 

Figure 2.24 Circular Polarization Produced by a CrossShaped Dielectric Resonator 

Figpre 2.25 Dimensions of the Optimized C m s  



Further design iterations at MacQuarie University produceci the dielectric cross of Figure 

2.25 with dimensions L 1 =6mm, L2=3.4mni, W i=W2= 1.8mm and h=2.0mm. The feed 

line is fabricated on 25mil thick copper clad Rogers 60 10Duroid (q= 10.2) with a 50Q 

feedline of width 0.65mm extending 1.3mm past the centre of a 2.6x0.6mm slot. The slot 

used is smaller than the slot in the linear polarized cavity antenna For aperture coupling 

an increased slot length typicdly lowen the input resistance, increases the coupling and 

lowers the backlobe radiation with minimal effect on the o p e h g  fiequency. Typically 

the slot length is less than a half wavelength in order that the slot radiation does not inter- 

fere with the desired radiation pattern. Increasing the slot width tends to decrease the oper- 

ating fiequency while an increased hining stub length increases the inductive reactance 

component. 

In order to verify that the TLM code could be used to design the dielectric cross, the 

geometry predicted by Dr. Esselle's FD-TD technique was then modelled using Panacea. 

Using the transmission line matrix code we could analyze an entire geometry without per- 

fonning several physical fabrications and tests. Return loss measurements are calculated 

at the specified feed port and the near field measurements can be used to produce the far 

field patterns using the fiee space Green's function. The computational analysis required 

that the rotated dielectric cross be modelled using a stepwise approximation, as a triangu- 

lar meshing, more amenable to the 45 degree rotation of the cross was not available. Fig- 

ure 2.26 shows the meshing of the cross, where the X and Y axes are scaled in unit mesh 

sizes. That is, the cross is centred at (45,45) within a 90x90 mesh. The mesh size is 0.2mm 

in each dimension. Simulation seemed to bear out the physical observation that imperfec- 

tions in the cross fabrication were forgiveable. Return loss simulations pictured in Figure 



2.27 showed the existence of two modes, one operating on each arm of the dielecûic cross. 

Simulation of the individual anns resuited in the diagrams of Figure 2.28 which show the 

longer ami to have a slightiy inductive reactance while the shorter a m  reveds a slightly 

capacitive reactance. This reidorces that we have produced the necessary relative imped- 

ances, equal and in phase quadrature, necessary for circular polarization. 

Figure 2.26 TLM Stepped Approximation of the Dielectric Cross 

TLM Sirnulateci 20GHz Dielectric Cross 
O -- 

jo ---- L -.- -- 
t6 18 20 22 24 26 28 30 32 34 36 

Frequency [GHz] 

Figure 237 TLM Simdated Retum Loss of the 2ûGHt Dielectric Cross 



Figure 2.28 TLM Simulation of individual arms of the 2ûGHz Dielectric Cross 

Continuing the simulation with the geometrical meshing of Nx=gO, Ny=90, Nr-30 where 

each mesh segment is 0.2mm and 3000 time steps, the near to far field transformations are 

made in both principal planes and show the electric field cornponents to be equal and 

roughly 90 degrees out of phase with each other. As expected, the dielectric resonator has 

a wide beamwidth similar to that of a dipole antenna. The backplane radiation appears to 

be focused into a small lobe. These values are the result of using the &ee space Green's 

fimction when performing the near to far field transformation and therefore are not valid. 

Since our principal interest is with the forward radiation, we will ignore these values. It is 

hoped that the sloned ground plane used for the feed will mullmize the actual backlobe. 

Figures 2.29-32 show the magnitude and phase of the orthogonal fields simulated in both 

H-plane (@=O) and E-plane (e-90) cuts. Figure 2.33 shows that the magnitude equality 

extends for quite some way howwer, the phase quivalence soon deteriorates and is the 

limiting factor in allowing the radiation of clean CP. 



20GHz Cross f=lS.OGHz 
90 

Figure 239 TLM Simuiated Far Field Pattern of the Dielectric Cross H9.0GHz 

20GHz Cross f=lS.OGHz 
200- 

Figure 230 TLM Simuiated Phase Difference of the Dielectric Cross e19.0GEIz 



Figure 2.31 TïtM Simdated Far Field Pattern of the Dielectric Cross f==19.4GHz 

20GHz Cross f=f 9.4GHz 

Figure 232 TLM Simulated Phase Difference of the Dielectric Cross e19.4GHz 



20GHz Cross f=20.0GHz 
90 

F i e  233 TLM Simulateci Far Field Pattern of the Dielectric Cross f.120.ûGHz 

Circular polarization is dehed by Balanis[54] to be a subset of elliptical polarization 

which more accurately describes the imperfect radiation of the antenna. Elliptical polar- 

ization is characterized by an electric field with two orthogonal components not necessar- 

ily qua1 in magnitude though they can be, provided the tirne-phase difference is neither 

an even multiple of 180 degrees (linear polarization) or an odd multiple of 90 degrees (cir- 

cular polarization). Simulation has shown that the antenna definitely radiates elliptical 

polarization. We define the polarization to be near circular by characterizhg the radiation 

in terms of its axial ratio. In the ideal circula. case, the time harmonic electric field traces 

out a circle? however, mismatches in magnitude and phase cause the trace to become more 

elliptical, with one mode bewrning more dominant. Balanis defines the axial ratio to be 

equivalent to the ratio between the two axes of the ellipse traced out in the. For circular 

polarkation, this equates to an axial ratio of 1 (OdB). 



Ellipticai polarbation is illustrated in Figure2.34, where the rotating electrïc field vector 

sweeps out an ellipse. The direction of propagation is normal to the diagram and the axial 

ratio is calculated as the ratio of the major and minor axes. 

Figure 234 Eiîiptical Polarization Trace 

where : 

Vector 



and: 

The axial ratio results produced by the microstrip coupled cross simulation are calcJated 

using the appropriate field components. These results are surnmarized in Table 1. Whiie 

the TLM code outputs the components in t e m  of 8 and 0, orthogonality allows direct 

substitution. That is for the @=û xz plane, a unit vector along the x axis equates to a unit 

vector in 0, while a unit vector along the y axis equates to a unit vector in $. Similar 

orthogonalities exist in the other principal plane (yz, 0 0 )  where the unit vector dong y 

corresponds to a unit vector in 0 while a unit vector along the negative x axis corresponds 

to a unit vector in @. 

Magnitudes are expressed in decibels and so must be returned to unity s d e  before being 

inserted into the above equations as ExO and +with A@ = (4y -&). 

TABLE 1. Far Field components for the microstrip cross 19-20GHz phi=O; 

Frequency 
(GHz) 
19.0 

19.2 

lExl 
(dB) 
- L 13.436 

- 1 13.5 18 

@[Ex] 
(rad) 
- 1.50789 

- 1 A4823 

W Y ~  
(rad) 
-2.97004 

2.99879 

W Y ~  
(dB) 
- 1 13.233 

-1 13.183 

Axial 
Ratio 

0.97dB 

0.66dB 



Although far field data was no t calculated below 1 9GHz it is not unreasonable to assume 

that the magnitude and phase relationships are fairly syrnmetric and that the axial ratio 

bandwidth is on the order of 800MHz 

Physical testing of the antema was performed with various cavities and dielectric 

radomes. Using the network analyzer, the return loss was monitored. These results are 

summarized in Figures 2.35-38 and show the improved match as the dielectric radome is 

increased towards a quarter guided wavelength (approximately 40 mil) as for the case of 

the Iinear polarized cavity. Observe that there is a slight lowering in operating fiequency 

as the superstrate thiclmess increases. This extra dimension of fkedom allows us to fine 

tune the operating fkquency. A TLM analysis of this will be perfomed for the 30GHz 

cavity elernent. 

Using a cavity of diarneter 3.05crn with a height of O.79cm and a dielectric radome of 40 

mil, the antenna performed as shown in Figures 2.39-42. The radiation patterns shown 

suggest a 3dB axial ratio bandwidth on the order of 700MHz, comparable to what was pre- 

dicted with the TLM code. As with the linear element the gain and ftequency of operation 

of the entire antenna will increase with the appropriate cavity height. Antema gain is on 

the order of 13dB, although there is a drop of OSdB over the operating range. Measure- 

ments are 3dB lower as a result of the test setup which utilizes a rotating linear hom to 

simulate a circula. polarized source. Since only one half of the power is tmnsmitted, gain 

is reduced by 3dB. The effect of the cavity is defuiitely noticeable as it focuses the main 

beam to a half-power bearnwidth of 30 degrees. A f;tlrther iteration utilized the same ele- 

ment inside a smaller cavity (cavity height 0.73 7mm with a diameter of 2.6crn) topped 



with a 5OmiI Alumina superstrate which increased the centre frwluency of operation fiom 

18.5 GHz to 20.2 GHz while retaining the same 7ûûM.z Axial Ratio bandwidth. 

Fiure 235 Retum Loss produced by the Cross-fed Cavity, Radome thickness=25mil 

Figure 236 R e t m  Loss produced by the Cross-fed Cavity, Radome thickness=30mil 



Figure 237 Return Loss produced by the Cross-fed Cavity, Radome thickness=35mil 

F i e  238 Retum Loss produced by the Cross-fed Cavity, Radome thichess==mil 



Figure 239 Circular Polarization produced by the Cross-fed Cavity, f=183GHz 

Figure 2.40 Circular Polarization produced by the Cross-fed Cavity, f=18.4GHz 
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Figure 2.42 Circular Polarization producd by the Cross-fed Cavity, 618.8GHz 



2 3  Summary 

In this chapter several antenna elernents were considered for receive applications. A brief 

history of the evolution of the worbg  linearly polarized element was provided as well as 

a description of the cavity geometry. Numerical rnethods used to analyze the antenna 

geornetries were discussed with emphasis on the Transmission Line Matrix ('T'LM) 

method. 

Several attempts were made to achieve a circularly polarized element. Perturbations of the 

existing geometry as well as novel feed techniques and redesign of the microwave patch 

were attempted with moderate success. The dielectric resonator cross was introduced and 

simulated with the TLM code. Physical results were presented for a dielectnc cross 

excited cavity geometry capable of producing circular polarization over a 700% band- 

width. The final geometry was shown in Figures 2.25 and 2.42. 

Numerical simulation of the full cavity was not performed owing to mernory restrictions 

required to analyze the physically large structure. These results have been previously dis- 

cussed in [Il].  

In the following chapters attempts will be made to scale the elernents up to the operating 

fiequency of 30GHz suitable for use in transmit antenna applications. Axial Ratio Band- 

width for the transmit antema is anticipated to encompass a full 1GHz operating band- 

width. 



Figure 2.43 Geometry of the Cross-fed Cavity Element 



Transmit Antenna Elements 

3.0 Transmit Antenna Elements for use in 30GHz Applications 

The design of Iuiear and circularly polarized antemas for use in 30GHz transmit applica- 

tions evolves firom previous work with receive antenna elements. Rather than this being a 

simple matter of scaiing however, the higher fkquency applications are more prone to 

error and are more sensitive to design variations and misalignment. In this chapter a lin- 

early polarized microstrip patch fed cavity is developed based on a scaled mode1 of the K- 

band receive element. This design wodd have to be reiterated to adjust for fiequency 

shifting and the suppression of higher side lobe levels than previously encountered. TO 

overcome the high sidelobe levels, several techniques were attempted to minimize the 

effects of parasitic modes and suspected phase irnbalances. These attempts would finally 

lead to an optimized geometry. Circularly polarized efforts included calculation of a near 

square microstrip patch as was attempted for receive applications howwer, the majority of 

effort was concentrated on using the TLM method to design a dielectnc resonating cross. 

The cross is then inserted into the cavity geometry and the dimensions are then optimized 

for a 1 GHz axial ratio bandwidth. AAer having optimized the microstripfed structure, ini- 

tial steps are taken to translate the cavity geometry fiom a microstrip feed to a stripline 

feed. Finally, conclusions are drawn for the performance of the receive elements dong 

with suggestions on improving the performance of the prototype stripline structure. 



3.1 Linearly Polarized Elements 

As in the receive antenna case, a linearly polarized cavity backed patch is to be optirnized 

for use as a radiating element amenable for use in an array environment. Again the cavity 

is to be no larger than 2 fke space wavelengths in diameter and will be approximately a 

half wavelength in height. The cavity will be excited by an aperture-coupled microstrip 

patch and an alumina radome wili be used to match the cavity to fixe space. Initial design 

work and testing involveci two microstrip patch designs, a s d e d  version of the previous 

19.7 GHz model, as well as an empirically calcdated patch as per Bahi[l8]for use at 

29.SGHz. 

Preliminary results supported the empirically calculated patch, although the retum loss 

had a devastating effect on the antenna gain. In spite of the use of a dot-coupiing pro- 

gram for accurate modeling of the feed line, the a c W  response was far fiorn what had 

been predicted. These initial results were comparable to early attempts with the linear 

receive element. The characteristics of concem were the high shoulders evident in the E 

plane pattern cut. It was hoped that these shoulders would be lowered by improved design 

of the element. While the gain was not directly calculated, the principal plane beamwidth 

indicated good directivity. It was necessary to extend the feed line as well as to decrease 

the patch size to improve the reflection parameter response and increase the operating fie- 

quency of the antenua element. The patch dimensions were cut to become 3.94x2.76mm 

and the feed line built on 0.025" thick 60 10 duroid was adjusted to be 0.728mm thick and 

extend 4mm beyond the centre of the 2.73mmx0.4mm slot The larger slot length 

increases the inductive reactance seen by the antenna. The resulting reflection analysis 

showed an improved match over approximately a 6.5% bandwidth with typical CO and 
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cross-polarization patterns in the two principal planes reproduced below in Figures 3.1 

and 3.2. 

Figure 3.1 Radiation Pattern of the initiai patch fed cavity, f=28,OGHz 

Figure 3-2 Radiation Pattern of the initial patch f d  cavity, f=29.OGHz 



As was the case with the receive antennas, the cavity has lowered the operating fkquency 

of the entire element. The fiequency band of operation ranges h m  28 to 29 GHz, indicat- 

ing that either the present cavity height of OS2cm or the patch dimensions would have to 

be adjusted. The gain has improved, but the operating fiequency is still lower than desired 

and the E plane shoulders still appear, especiaily at the higher end of the operating band. 

There may have b e n  several expianations for the appearance of shoulders in the radiation 

pattern. Three cases were considered, the possibility of s d a c e  waves, due to currents on 

the cavity walls leaking out of the cavity, the possibility of a parasitic TM mode interfer- 

ing with the p ~ c i p a l  TE 1 1 mode, and the cavity dimensions being prone to phase error at 

the radome. 

It is possible that currents leaking out of the cavity, would not have a r e m  path to ground 

and may instead radiate upon reaching the edge of the radome. The first attempt at recîiQ- 

ing this possibility invoived cutting a choke around the perimeter of the cavity. The pur- 

pose of this groove was to act as an infinite resistance (open circuit) reflecting the current. 

In order to simulate the open circuit the groove was cut O. 1 wavelengths across and a quar- 

ter wavelength deep, such that the total path in and out of the groove is a half wavelength. 

The resulting radiation patterns as seen in Figure 3.3 indicated that the groove had no 

effect on suppressing the shoulders. (Note that at this time there were difficulties with the 

receiver which caused dropouts to occur at several angles. This accounts for the spikes in 

the radiation pattern). An altemate method of miniminng the cment was to extend the 

ground plane, in order to better simulate an infinitely distant boundary. Typically, a finite 

ground plane causes scattering at the edge, which if not physicaily covered with absorber 
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wili show up as a ripple in the radiation pattern. The results of this experiment were no 

better thau the previous attempt with the choke. 

F i e  3 3  Radiation Pattern of the Patch-fed Cavity with Choke 

In the event that a parasitic TM0 1 mode was being radiated, which would account for the 

shoulders, an attempt was made to dimpt the mode through the use of conducting strips 

placed dong the E-plane. This attempt to disrupt parasitic modes failed to reduce the E- 

plane shoulders. Another attempt was made with metai posts which proved equally unsuc- 

cessnil. In light of this, it may be possible that several parasitic modes are operating, and 

that no simple method will disrupt them. It was hoped that the cavity dimensions may help 

to minimize the shoulders during the course of optimization. 
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The cavity height was found to be of critical importance in optimizing the radiahg ele- 

ment in K-Band applications. Initial heights at Ka-Band had simply been scaled fiom the 

earlier mode1 and were a likely candidate to be optimized with respect to gain. Because of 

the hi& fiequency and small cavity thicknesses some reworking of the original launchhg 

structure was also necessary for stability. Also of importance is the cavity diameter, the 

cavity backed elements are intended for use in an array environment. Present specifica- 

tions required two free space wavelength separation between elements. As a result the 

diameter of the cavity would need to be decreased to allow the proper spacing. The 

reduced diameter of the cavity is expected to affect side lobe levels, and there will likely 

be a trade-off between element gain and mutual coupling losses. 

S e v d  cavity heights with various diameters were machined in different thicknesses and 

extensive testing was underiaken. The thinner cavity thicknesses increased the operating 

frequency to a higher operating range, as expected but while there was some improved 

suppression of the sidelobes, they were still noticeable. 

The next step was to examine the cavity diameter. The cavity itself may be creating the 

parasitic TM mode. If this is the case, we shodd also see a contribution to the H-plane 

cross-polarization. Up to this point however, the cross-polarization levels have seemed 

reasonable. Decreasing the cavity diameter to 1.7cm likely reduced phase error at the aper- 

ture even more and was successfid in minimizing the sidelobes below the prwious lwels 

without altering the operating bandwidth significantly. Despite the smaller aperture, gains 

remained at a respectable 13dB. One concern is the drop in gain of 2dB over the entire 

1GHz operating band. The radiation patterns for E and H as well as cross polarizaîion 

levels are shown in Figure 3.4. As mentioned before, there have been some problems with 



the receiver locking on to data points at several frequencies and so large spikes in the mea- 

sureci patterns should be ignored. 

Figure 3.4 Radiation pattern of the optimixed Linear P o l a ~ e d  Cavity f=29.4GHz 

Suppression of the sidelobes is not Mly explained, however the beam shapes are not 

unlike the E plane cuts of large angle flared homs. It is possible that in minirnizing the 

cavity size we have managed to slightly correct for some phase difference, similar to the 

phase diEculties encountered b y large angled homs. 

The final design in Figure 3.5 consists of the 3.94x2.76m.m patch inside a cavity of 1.7cm 

diameter and 0.46cm height. The feed line is built on 0.025" thick 60 10 duroid and was 

adjusted to be 0.728mm thick and extend 4mm beyond the centre of the 2.73mmx0.4m.m 

d o t  The cavity is covered with a 20mil thick Alurnina superstrate. Applications for this 



antema are shown in [SS]. Gain enhancement techniques have been attempted in (91 and 

1321 - 

Figure 3.5 Optimizeà Linearly-Polarized Cavity Geometry 
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As the use of a dielectnc cross for circular polarization has been successful, it is interest- 

ing to note the performance of a dielectric resonator in linearly polarized applications. 

Although a cornparison between microstrip and dielectric resonators is beyond the intent 

of the research, they have been considerd as an alternative to the microstrip patch. Broad- 

band dielectric resonators have been used in [56,57,58] with several digerent shapes pro- 

posed in [59] and numerical techniques to calculate their efficiency[60]. Petosa et-al. have 

done extensive work in this areal6 l ]  including insight into the use of inhomogeneous 

crosses where the dielectric resonator uses a high permittivity section to increase coupling 

efficiency fiom the aperture-feed[62]. 

TLM code has been used to investigate the possibility of using a rectangular dielectric res- 

onator as the cavity feed element. Several iterations were nui and indicated good results 

for a 4.0 ~ 2 . 2 ~  1.2mm block cut fkom 601 0 (%= 10.8) duroid and fed by a 0.784mm wide 

line built on 1Omil thick 5880 duroid (qz2 .2 )  extending 0.7mm past the centre of a 

5.0x0.6mm slot. Initial testing indicated that the dielecûic resonator appeared to operate 

slightly below the fkequency predicted by the source code. This discrepancy is likely to be 

associated with the circular cavity being represented as a square in the TLM simulation. 

The pattern show in Figure 3.6 does appear to be consistent with the performance of the 

rectangular patch, showing good beam symmetry as well as low cross polarization levels, 

although the same degree of success as with the optimized patch was not achieved. 

There is sûll some optimization to be done, before a h a 1  cornparison may be done 

between the two elements, however for the purposes of the thesis the rectangular patch is 

sufficient and is preferable with respect to the simplicity of the design. 



Figure 3.6 Radiation Pattern of a Dielectric BIock fed Cavity, f=285GHz 

3.2 Circularly Polarized Elernents Fed with Microstrip 

3.2.1 Attempts with a Near Square Microstrip Patch 

As in the 2OGhz case, Ensemble was used to design a near square patch to radiate CP. 

Ensemble determinecl the patch size of 3 .Ox3. l mm with 1 mm bevels as being capable of 

producing CP with a better than 3dB axial ratio over a lGHz band. Initial testing seemed 
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to indicate otherwise and it was decided to create a dielectric cross capable of radiating CP 

to be the main element. 

Figure 3.7 Ensemble Simulated Return Loss of ApertureCoupled Near Square Patch 

Figure 3.8 Ensemble Simulated Axial Ratio of Aperture-Coupled Near Square Patch 
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Figure 3.10 Ensemble Simulated Far Field Pattern Ee; P M  f=29.6GHz 

3.2.2 Design and Test of the Cross-Shaped Dielectric Resonator 

Earlier success at K-band with a dielectric cross dlows a degree of optimism in being able 

to design a similar structure for Ka-Band. The design also holds the advantage of being 

more tolerant to misaligmnent than with the microstrip patch, since the feed position for 

the cross is not as crucial. Even the cardinal planes show excellent results in gain as well 

as Axial Ratio. The transmission line ma& code was used to analyze a scaled version of 

the receive cross and then optimized through the altering the available dimensions. Exact 

scaling of the cross was not possible due to memory constraints related to the meshing of 
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the geometry within the source code. Recall from Chapter 2 that increased meshing fol- 

lows an N~ relationship. Instead an initial approximate geometry was analyzed which indi- 

cated that the geometry would not radiate CP. 

As a resuit, the effect of altering the geometry height, width and a m  lengths was investi- 

gated to attempt to equalize the field magnitudes and maintain a phase difference of 90 

degrees. Utilking a space of Nx=90 Ny=90 Nz=30, several cornputer iterations produced 

two possible designs the first measuring L 1 =6.8mm L2=2.6mm W= 1 .Omm h= 1.2mm and 

the second measuring L 1=5.2mm L2=2.4m.m W= 1 .ûmm and h= 1.2mm Of these two the 

second design performed the better, probably due to the longer lengths being less effected 

by machine tolerances during fabrication. TLM return loss is summarized in Figure 3.1 1, 

which shows the presence of two orthogonal modes, similar to the receive antenna case in 

Figure 2.26, although the match requires some improvernent. 

TLM Simulated 30GHz Microstrip-fed Dielectric Cross 

20 22 24 26 28 30 32 34 36 38 40 
Frequency [GHz] 

F i e  3.1 1 TLM Simulateci Return Loss of the Micmstripfed 30GHz Dielectric Cross 
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Far field magnitude and phase resuits are capturecl in Figures 3.12- 17. Table 2 summarizes 

the bore-sight axial ratio performance over the band h m  30-32 GHz. It is expected that 

the cavity geometry will lower the operating fiequency. 

Microstrip Fed 30GHz Cross f=30.0GHz 
90 

Figure 3.12 TLM Simulated 

225 

Far Field Pattern of the Dielecttic Cross f=30.0GHz 

Microstrip Fed 30GHz Cross f=30.0GHz 

Figure 3.13 TLM Simulated Phase Difference of the Dielectric Cross f=30.0GHz 
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Microstrip Fed 30GHz Cross f=31.0GHz 
90 

Figure 3.14 TLM Simulated Far Field Pattern of the Dielectric Cross e31.0GHz 

Microstrip Fed 30Gtiz Cross f=31.0GHz 

F i e  3.15 TLM Simulated Phase DüTerence of the Dielectric Cross +31.0GHz 



Fed 30GHz Cross f=32,OGHz 
90 

---------- 

Figure 3.16 TLM Simulated Far Field Pattern of the Dielectric Cross e32.0GHz 

Microstrip Fed 30GHz Cross f=32.OGHz 

Figure 3.17 l'LM Simulated Phase Dinerence of the Dielectric Cross 632.OGHz 



TABLE 2. Far field cornponents for the microstrip cross 29-32GHz p h i 4 ;  

The designs of the microstrip cross were not physically tested on their own, rather it was 

decided that it was preferable to install them directly into the cavity first and then make 

any necessary adjuments to the cross design and aperture feed. Simulation shows 

approxirnately a 2GHz axial ratio bandwidth for the cross which is a great improvement 

over the simulation results of the receive antema. 

3.23 Simulation and Design of the Cross-fed Cavity 

, 

Frequency 
(G*) 
29.0 

30.0 

3 1.0 

32.0 

TLM simulation was also performed for the cross fed cavity, again with 3000 time steps 

on a 0.2mm mesh spacing and geometry of Nx= 180 Ny=180 and N ~ 4 5  these results are 

best summanzed in Table 3. It appears that the cavity lowers the axial ratio bandwidth of 

the radiating element fiom 2GHz to 1.2GHz although this is still sufficient for the project 

requirements. The r e m  loss for both cross and cavity are compared in Figure 3.18. Here 

the effect of the cavity is pronounceci. Matching appears to have improved and the operat- 

h g  bandwidth has shifted to a lower frequency with the above noted reduction in per- 

ceived axial ratio bandwidth. 
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IExi 
(dB) 

-1 19.719 

-118,463 

- 1 17.883 

-1 17.1 17 

9IW 
(rad) 
-0.69260 

-1.65494 

-2.52647 

2.92695 

@ W Y ~  
(t.sd) 
-1.5371 1 

-2.77816 

2.2655 1 

1.03826 

IEY~ 
(dB) 
-122.406 

-119.510 

-1 18.0 1 1 

-1 17.576 

Axial 
Ratio 
7.55 dB 

4.17dB 

0.70 dB 

2.85 dB 



TABLE 3, Far Field components for the microstrip cavity 2û-32- phi=& 

T M  Simulated 30GHz Microstrip-fed Cross and Cavity 

Frequency 
(cm 
28.0 

28.2 

28.4 

20 22 24 26 28 30 32 34 36 38 40 
Frequency [GHz] 

Figure 3.18 TLM Simuiated Return Loss of the 30GHz Dielectric Cross and Cavity 

1 Ex1 
(a) 
- 108.45 1 

- 108.180 

- 107.685 

Transmit Antenna Elements 70 

4mw 
(rad) 
0.85802 

0.5 1643 

O. 15368 

~ E Y  1 
(dB) 
-106.295 

-106.126 

-106.122 

9 W ~ l  
(rad) 
-0.19834 

-0.74270 

- 1.26445 

h i a l  
Ratio 

5.20 dB 
3.45 dB 

2.06 dB 



Simulated results of the radiation pattems in Figures 3.19-29 are of interest compared to 

the wide beamwidth pattems produced by simulation of the cross itself. One can see the 

distinct focusing of the beam as produced by the cavity and that the half power beamwidth 

has shrunk considerably. As expected, the operating fiequency has dropped and there 

appears to be a 3dB axial ratio bandwidth fkom 28.3 to 29.5GHz although beam symmetry 

does appear to weaken at the upper end of the band. In fact, by 30GHz it is obvious that 

the power has spread to other beams indicating interference fkom other radiating modes. 

Microstrip-excted Cross-Fed 30GHz Cavity f=28.OGHz 
40 

/ 
/ 

1 8 0  j 
1 

O 

\ 
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Figure 3.19 TLM Simulated Far Field Pattern of the Cross-fed Cavity *28.0GEz 
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Microstrip-excited Cross-Fed 3OG Hz Cavity fS8.4GHz 
90 

180  - 

225 '1. /'315 

u ,-" 

Figure 3.20 TLM Simuiated Far Field Pattern of the Cross-fed Cavity fi28.4GHz 

Microstrip-excited Cross-Fed 30GHz Cavity f=28.4GHz 

Figure 3-21 TLM Simuiated Phase Difference of  the Cross-fed Cavity e28.4GHz 
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Microstrip-excited Cross-Fed 30GHz Cavity f=28.6GHz 

F i e  3.22 TLM Simulated Far Fieid Pattern of the Cross-fed Cavity HS.6GHz 

M icrostrip-excited Cross-Fed 3ûG Hz Cavity f=28.8GHz 
90 

180 - 

225 "- 
-\. 
"----/-- 1' 315 

Figure 3.23 TLM Simulateci Far Field Pattern of the Cross-feà Cavity f=28.8GHz 
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Microstri p-excited Cross-Fed 3ûGHz Cavity f=29.OG Hz 
90 

Figure 3.24 TLM Simulated Far Field Pattern of the Cross-fed Cavity +29.0GHz 

Microstripexcited Cross-Fed 30GHz Cavity f=29.2GHz 
90 

180 -- 

225 '--. 1' 315 

F i e  3.25 TLM Simulated Far Field Pattern of the Cross-fed Cavity f=29.2GHz 



M icrostrip-excited Cross-Fed 3OG Hz Cavity f=29.4GHz 
90 

F i e  3.26 TLM SMulated Far Field Pattern of the Cross-fed Cavity P29.4GHz 

Microstrip-excited Cross-Fed 30GHz Cavity f=29.4GHz 

Figure 3.27 TLM Simulated Phase Difference of the Cross-fed Cavity f=29.4GHz 
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Microstrip-excited Cross-Fed 3ûGHz Cavity 
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Figure 3.28 TLM Simulated Far Field Pattern of the Cross-fed Cavity e30.0GHz 

Microstrip-excited Cross-Fed 3OG Hz Cavity f=3 1 .OGHz 
90 

Figure 3.29 T'LM Simulateà Far Field Pattern of the Cross-fed Cavity f=Jl.OGHz 

Physical testing produced the following results. 



For the designed cross of 6.8x2.6mm of 1.2mm height inside a 1.8cm diameter, 0.56 cm 

high cavity a 600MHz axial ratio bmdwidth was achieved centred at 28.5GHz. The oper- 

ating fiequency was increased by shaving the height of the cross to 1. lmm. This mrre- 

sponded to an increase in the operathg frequency to 28.8 GHz, with no noticeable effect 

on the axial ratio bandwidth. 

It is believed that increasing the axial ratio bandwidth is dependent on maintaining the 90 

degree phase shift between electric field components since the field magnitudes seem to 

change at a slower rate. A second 1.2mm high cross was tested by filing the cross a m  to 

5.26mm and 2.46mm (fkom the original 6.8x2.6mm lengths) this had the effect of not only 

increasing the centre frequency to 28.9GHz, but also of increasing the axial ratio band- 

width to 700MHz. Filing the second cross d o m  to a 1. lmm height as well as improved 

matching of the cavity with different thicknesses of dielectric radome increased the oper- 

ating fiequency of the second cross to the optimal 29.5GHz with a lGHz axial ratio band- 

width. Some fiequency shifi of the antenna with respect to radome height can be seen 

fkom the following return loss measurernents of the optirnized geometry. (Figures 3.30-34) 

For al1 figures, the cavity used measures 0.56cm in height and 1.8cm in diameter. These 

results coirespond with several TLM simulations which were later performed on the strip- 

line fed cavity. 
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Figure 330 Retum Loss produced by the Cross-fed Cavity, Radome thickness= O m i l  
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Figure 331 Return Loss produced by the Cms-fed Cavity, Radome th iches~l0mi l  
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Figure 332 Return Loss produceci by the Cross-fd Cavity, Radome thickriess=20mil 

Figure 333 Return Las producd by the Cross-fed Cavity, Radome thickness=25miï 



Figure 334 R e t m  Loss producd by the Cross-fed Cavity, Radome thichess=30mll 

Circular polarization patterns produced by the cross-fed cavity are displayed in Figures 

3.35-40. They show that the qudity of the CP is good for a wide bandwidth although afier 

45 degrees from boresight the degradation is quicker than with the cross alone. Gain val- 

ues listed are not exact, but based on the HPBW of 30 degrees we can assume a gain of 

15dB. It appears that the antenna is still troubled with the wide gain variation over the 

operating range. The optimized geometry now wnsists of the previously identifiai dielec- 

tnc cross inserted in a 0.56cm high cavity of 1.8cm diameter with a 1 5mil Alumina 

radome. The cross is excited by a 0.728mm wide 50R feedline built on a 25mil thick 

Rogers60 10 Duroid (Er=10.2) with a 3.72mm stub extending 3.72mm Fast the centre of a 

2.4 x0.4mm slot. 
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Figure 335 Circular Polarization produced by the Cross-fed Cavity, e29.ûGHz 

Figure 336 Cucular Polarization produced by the Cross-fed Cavity, f=293GHz 
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Figure 337 Circular Polarization produced b y the Cross-fed Cavity, e29.4GHz 

Figure 338 Circular PoIanEation produced by the Cross-fed Cavity, f=29.6GHz 
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Figure 339 Circular Polarization produced by the Cross-fed Cavity, +29.8GHz 

Figure 3.40 Circular Polarization produced by the Cross-fed Cavity, fi30.0GHz 
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The optimized dimensions are therefore as listed in Figures 3.4 1-42. 

Figure 3.4 1 Optimized Dimensions of the Dielectric Cross 
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Figure 3.42 O ptimized Microstripfed Cavity Geometry 
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3 3  Circuiarly Poiarized Elements Fed with Stripline 

Stripline eliminates parasitic feedline radiation and back radiation nom the slot. This is 

done at the cost of trapping the back radiation between two ground planes which result in 

parallel plate modes. These pardlel plate parasitics are typically disrupted through the use 

of shorting pins which in an array environment also isolate the individual elements and 

maintain the quality of the circdar polarization. Although we have chosen to limit our- 

selves to the feeding of the dielectric cross, techniques have been investigated for slot-cou- 

pled patches[63] which were not p m e d  in this investigation. 

33.1 Simulation of the Stripline-fed Cross 

As the next step in the evolution of the antenna, TLM analysis of a stripline structure was 

begun. There are some concems with respect to the validity of the reflection analysis since 

the substrate heights do not confonn to the 0.2mm tolerances enforced by the program; 

however, the degree of coupling should not dramaticaily affect the overall radiation pat- 

terns produced. Stripline geometries have not been optimized but are merely presented as 

first iterations of the microstrip element making the transition to a stripline geometry. Ini- 

tial feed design was used according to 1641. For the dielectric cross alone results are simi- 

lar to the microstrip case with approximately a 2GHz bandwidth existing fiom 30-32GHz. 

Rehun loss calculations in Figure 3.43 appear consistent, with dual modes operating 

around 29GHz and 33GHz. Radiation patterns and phase differences (Figures3.44-49) 
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show circular polarization to occur around 3 1GHt. This is affirmecl through the calcula- 

tions in Table 4. 

TLM Simulated 30GHz Sbipline-fed Dielectric Cross 

Figure 3.43 TLM SMulated Return Loss of the Stripline-fed 30G% Dielectric Cross 

Stnpline Fed 30GHz Cross f=29.OGHz 
90 

Figure 3.44 TLM Simulated Far FieId Pattern of the Dielectric Cross f=29.ûGHz 
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Stripline Fed 30GHz Cross f=30.0GHz 
90 

F i e  3.45 TLM Simulated Far Field Patteni of the Dielectric Cross P30-0GHz 

Stripline Fed 30GHz Cross f=31 .OGHz 

Figure 3.46 TLM Simulated Far Field Pattern of the Dielectric Cross f=31.ûGHz 



Stripline Fed 30GHz Cross f=31.0GHz 

Figure 3.47 TLM Simulated Phase Differeace of the Dielechic Cross e31.0GHz 

Stripline Fed 30GHz Cross f=32.OGHz 
90 

Figure 3.48 TLM Simulated Far Field Pattern of the Dielectric Cross e32.ûGHz 
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Stripline Fed 30GHz Cross f=32.OGHz 

F i e  3.49 TLM Simulated Phase Difference of the Dielectric Cross 632.OGHz 

TABLE 4. Far Field components for the stripline cross 29-32GE.z phi=0 

33.2 Simulation and Testing of the Cross-fed Cavity 

Simulation of the stripline fed cross within the cavity was also c d e d  out. The return loss 

results of Figure 3.50 appear promising as the two modes identifieci operating in the cross- 

only simulation have closed together and are quite well matched to the elernent. As high- 

lighted in previous discussion, simulations with various thicknesses of superstrate were 

carried out and the increased height does produce a Lowering of the operating fiequency as 

shown in Figure 3.5 1. Aiso note the poorer return loss performance for thicker super- 

Frequency 
(GHz) 
29 .O 

30.0 

3 1.0 

32.0 -143.005 2.69344 -143.720 0.69878 3.87 dB 

lExl 
(a) 
-143.009 

- 143.570 

-143.726 

@[EY~ 
(rad) 
-2.72833 

2.60942 

1.67237 

Axial 
Ratio 

7.25 dB 

3.53 dB 

0.65 dB 

@[Ex1 
(rad) 
-1.797 1 1 

-2.44582 

-3.00572 

IEY~ 
(dB) 
-146.834 

- 145.340 

-144.301 



strates. The 0.2mm superstrate is used and while this may not correlate with the quarter 

guided wavelength d e  presented in Chapta 2, the dimension is the smaliest the meshing 

size will allow. Unfortunately, the results obtained tiom the near to far field transformation 

(Figures 3-52-58} show that the potential for circular polarization is not there. Table 5 

surrunarizes the axial ratio readings which rninimize at 29.8GHz, higher than the micros- 

trip feed simulation. Aside fi-om the troubles simulating the proper superstrate height, 

given that the only change in the geometry is that of the feed method, it is suspected that 

the parasitic modes may be hindering the performance of the antema These parasitics are 

likely affecting the cment distribution and disrupting the phase difference beîween the 

two wanted modes. As before the cavity lowers the operating fiequency of the device. 

TLM Simulated 30GHz Stripline-fed Cross and Cavity 

Figure 3.50 T'LM Simuiated R e t m  Loss of the 30GHz Dielectric Cross and Cavity 



Effect of Superstrate Thidmess 
0 -  

Figure 351 TlLM Simulated Rehum Loss for Several Superstrate Thicknesses 

TABLE 5. Far Field components for the stripline 30GHZ cavity 28-32GHz phi+); 

prl 
Ratio 
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Stripline-excited Cross-Fed 30GHz Cavity f=28.OGHz 

Figure 3.52 TLM SimuIated Far Field Pattern of the Cross-fed Cavity M8.OGHz 

Stripline-excited Cross-Fed 30GHz Cavity f=29.OGHz 

Figure 3.53 TLM Simulateci Far Field Pattern of the Cross-fed Cavity e29.OGHz 
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Stripline-excited Cross-Fed 30GHz Cavity fS9.OGHz 

Figure 3.54 TLM Simulated Phase Difference of the Cross-fed Cavity +29.ûGHz 

Stripline-excited Cross-Fed =GHz Cavity f=30.0GHz 
90 

180 - 

\ 

225 \-.. ' 315 

Figure 3.55 TLM Simulated Far Field Pattern of the Cross-fed Cavity +30.0GETz 
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Stripfine-excited Cross-Fed 30GHz Cavity f=30.0GHz 

Figure 3.56 TLM Simulated Phase Düference of the Cross-fed Cavity f=30.0GHz 

Stri pline-excited Cross-Fed 30GHz Cavity f=31 .OGHz 
90 

no 

Figure 3.57 TLM Simulated Far Field Pattern of the Cross-fed Cavity f=31.0GEiz 



Stripline-excited Cross-Fed 3UGHz Cavity f=31.0GHz 

Figure 3.58 TLM Simulated Phase Dinerence of the Cross-fed Cavity +31.OGHz 

Greater axial ratio performance was expected based on the previous results with the 

microstrip fed cavity. It is possible that the excitation of parasitic modes within the cavity 

has caused the loss in axial ratio. The performance may be improved through better 

radome matching. Improvements to the retum loss of the element may be introduced by an 

asymmetric stripline feed such as presented in [65]. Alternately, if paralle1 plate modes are 

evident, they may be disrupted through the use of shorting pins between the two ground 

planes. The ideal placement of the pins w i U  be around the slot in the gromd plane. Place- 

ment of the pins will be difficult given the small wavelength making the ideal separation 

(O. 1 A) on the same order as the pin diameter. Physical testing does appear to show promise 

of circula polarization and the r e m  loss of Figure 3.59 shows a reasonable match. Phys- 

ical testing (Figures 3.60-62) showed the existence of CP across a limited bandwidth. As a 

result, M e r  iterations will require a better feed and the implementation of shorting pins 

to attempt to dismpt the parasitics which interfere with the radiation pattern. 

Transmit Antcmia Elanents 96 



Figure 359 Return Loss produced by the Cross-fed Cavity, Radome thickness=25mil 

F i e  3.60 initial Circular Polarization produced by the Cross-fed Cavity, f=29.OGHz 



Figure 3.61 Initiai Circular Polarization produced by the Cross-fed Cavity, f=29.!5GHz 

Figure 3.62 Initial Circuiar Polarization produced by the Cross-fed Cavity, +30.0GEz 



3.4 Summary 

In this chapter several antenna elements were considered for linearly and circularly polar- 

ized transmit applications. Simple scaling of the linearly polarized receive antenna did not 

produce a working model. Redesign of the rnicrostrip patch dlowed for the change in 

operating fiequency however, higher than expected sidelobe levels were present. A variety 

of methods were attempted to minimize side lobes which were inevitably reduced by min- 

imizing the cavity diameter. In addition to the microstrip patch fed antenna, attempts were 

also made with a linearly polarized dielectric resonator. The option was physically verified 

dthough the optimization was not deaned necessary. 

The use of a microstrip patch for circular polarization was once more analyzed and 

rejected in favour of the dielectric cross, The dielectric resonator cross was simulated with 

the TLM code for both microsîrip and stripiine feeding techniques. Physical results were 

presented for rnicrostrip feeding and an optimized geometry was achieved which satisfied 

the design objective of having a lGHz operating bandwidth £kom 29-30GHz. Initial 

attempts at rnigrating fkom rnicrostrip to stripline feeding were met with poor resdts both 

in simulation and physical performance. It is believed that the introduction of parasitic 

modes within the cavity caused a disruption of the phase difference required for CP to 

operate. Optimization of the cavity radome will hopefully improve the antenna perfor- 

mance. Suggestions were made for improving the retum loss of the antema through 

improved ground continuity. These r d t s  have been discussed in prwious literature 

155,661. Linearly polarized results have been presented in [55] with cirdarly polarized 

results and cornparisons to TLM simulation summarized in [66]. 



nie circulariy polarized elements presented in this chapter have been used in a phased 

array environment presented in [67]. In addition, the dielectnc resonator elements pre- 

sented in this thesis have been M e r  investigated in [68]. In the following chapter the the- 

sis contributions will be summmized with conclusions drawn on the performance of the 

trammit and receive antemas. Future projects and research of interest will be outlined. 
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Conclusions and Future Directions 

4.0 Conclusions 

In this thesis a transmission line ma& method has been used to mode1 aperture coupled 

geometries, individual radiating elements as well as an entire cavity backed antenna. The 

goal of the research was to realize physical elements for use as  hear and cirdarly polar- 

ized antennas in K band (20GHz) and Ka-Band (30GHz) applications. In accordance with 

this goal, the following information and results have been presented in this thesis. 

Use of an oversized patch was replaced with a single element fed cavity. 

Modifications of the linearly polarized cavity element proved to be ineffective as did 

the use of similar microstrip patch feeds. The exciting element was chosen to be a 

dielectric resonator capable of radiating circular polarization. 

A 20 GHz dielectric cross with a m  measurhg 6.0mm and 3.4mm each 1.8mm wide 

and 2.0mm high was developed and proved capable of radiating circular polarization. 

A transmission line matrix rnethod was used to simulate the physical cross and proved 

to reflect the circularly polarized nature of the element. The TLM software was then 

used for future simulation and development. 

The element was then used to feed a cavity rneasuring 2.60 cm in diameter and 0.737 

cm high. The antema is fed using a 50R line on 25rnil thick Rogers 60 10 Duroid cou- 

pling through a 5. l m  x 0.6mm slot centred with respect to the cross. The feedline 

extends 1.3mm past the centre of the d o t  The cavity was matched to fke space using a 
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dielectric radome of 40mil thickness and proved capable of radiating cKcular polariza- 

tion with an axial ratio of l e s  than 3dB over an operating bandwidth of 18.2GHz to 

18.8 GHz. 

ScaLing of the linear polarized receive antema element was not straight fonvard and 

required M e r  optimization to produce a working element for transmit applications. 

The calculated patch size was modified to 3.94x2.76mm in order to radiate the proper 

fiequency within the cavity geometry and this resulted in radiation patterns with high 

shoulders in one of the principal planes. 

High shoulders in the E-plane were similar to those produced by wide angle flared 

hom, these were rninirnized through reduction of the cavity diameter from 1.8cm to 

1.7m. The fuialized cavity design measured 0.46mm in height and was topped with a 

alumina radome (q=9.9) of 20mil. The entire geometry was fed with a 50R line on 

25mil thick Rogers 60 1 0 Duroid coupling through a 2.73mm x 0.4m.m slot centred with 

respect to the patch and extending 4mrn past the dot centre. 

A dielectric cross was sirnulated for use at 30GHz and used to simulate a full cavity ele- 

ment. Simulation resulted in the construction of a microstrip fed geometry where the 

5042 line couples through a 2 . 0 ~  0.4 mm slot with a matching stub of 3.72mm to the 

dielectric cross. The cross arms measure 5.26 x 2.46 mm with widths of 1 .O mm and 

heights of 1.1 mm. The aperture-coupled cross is inserted in a 0.56cm cavity with a 

diameter of 1.8cm and covered with a dielectric radome measiiring l5mil in thickness. 

This architecture was then modified by replacing the microstrip feed with stripline. Pre- 

LUninary results showed that the stripline geometry would require optimization and 

improved construct to ensure strong coupling to the device. 



4.1 Future Directions 

The research presented in this thesis has introduced several areas of interest which may be 

the basis for fuhue investigation. Some of the more notable ones are highlighted. 

Improvernents to the stripline geometry to ensure strong coupling to the device. 

Modifications to the TLM program to allow finer resolution of the dielectnc cross and 

other irregularly shaped objects. 

Exarnination of the use of nonhomogeneous objects to improve coupling nom the feed- 

line. This procedure would entail the construction of elements composed of two sepa- 

rate permittivities in a stacked block configuration. 

Simulation and physicai cornparison of simple two and four element arrays of cavity 

backed antemas described in the thesis. 

A study could be undertaken to examine the effects of fine and coarse meshing of 

antenua geometries. This is especially of concem with respect to stripline feeds as the 

higher frequencies have been typically defined by only one mesh width. 
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