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ABSTRACT

The following thesis presents the design and

implementation of the ïnteractj-ve Graphic Antenna

Design Package ( IGAD ) , and describes a paraboloid

prime focus feed design example using graphic computing

methods. IGAD-ROT2 is a graphic pre and post-processor

that \¡/as created to merge the ROT2 antenna analysis

program with the Calma Corporation's CAD/CAM Computer.

It was written in Calma's design analysis language

to provide a user oriented interface to an antenna

design system. IGAD-ROT2 provides a graphic medium

to relieve the menial tasks of computer assisted antenna

modelling and design. It enabl-es high precision produc-

tion drawings to be generated, is useful as a learning

device, and provides the database for future antenna

CAD deveJ-opment.

Two paraboloid prime focus feeds were designed

using the graphic techniques associated with I GAD-ROT2.

The design process was initiated with a basic microstrip

disk configuration and evolved into a flanged disk

antenna geometry. Two flanged disk geometries resulted.

Both flanged disk antennas failed to meet the prime

focus feed standards established by corrugated horns.

Alterations on the disk geometry and modifications

l_



to the flange choke were effected with IGAD-ROT2,

and were unable to alter the H-plane field. This

restricted the maximum aperture efficiency, maintained

high sidelobe levels, and resulted in a fow paraboloid

aperture ang1e.

Possible enhancements to the IGAD-ROT2 package

are plentiful and should be undertaken upon completion

of this paper. Future work must also be i-mplemented

on the flanged disk antenna design, it's bandwj-dth,

input impedance, and feed structure to determine the

optimum performance, since they are not covered in

this thesis.

al-



ACKNOl^JL T DGEMENTS

Sincere thanks and appreciatjon are extended to Dr. L

Shafai of the Department of Electr.ical Engìneerìng, University of

Manitoba for his techn'ical guìdance, to G. Neilson of the

Department of tlectrical Engìneerìng, Un.iversity of Manitoba for

hi s many hours of assi stance, and to S. Johnson for her

'inval uab'le heì p and support preparì ng th is document .

ll'ì



TABLE OF CONTENTS

Page No

ABSTRACT i

ACKNOI^JLEDGEMENTS i J J

TABLE 0F CONTENTS i v

LI'T oF FIGURES vii

LIST oF TABLES xi ì

LIST 0F VARIABLTS xi i i

INTR0DUCTION xi v

CHAPTER I GRAPHIC COMPUTER AIDED ANTENNA DESIGN 1

1.1 CAD/CAM Systems 1

1 .1 .1 CAD/CAM Equi Pment 2

1.1.2 Advantages of CAD/CAM 3

1 2 Cùma CAD System and the IGAD Package 5

1 .3 R0T2 B

CHAPTER iI IGAD-ROTz 11

2.1 Introducti on 11

2.2 Mergìng Caìma and R0T2 12

2.2.1 Construction Mode 13

2.?.2 Pl ot Mode 16

2.2.3 Drawìng Mode 18

2.3 Connectìvity ?0

2 4 Submodels 22

1V



Page No.

.. .:::..:

CHAPTER I I I FEED CHARACTERISTICS OF PARABOLOID

REFLECTORS

3. 1 Introduct'ion

3.2 Paraboloid Reflector - Feed Relatìonshìp

3.2.1 Cal cul ati on of Parabol oi d Ref 'ìector

Efficiency and Gain Factor

3.2.2 Cross-Pol arizati on

3.2.3 Summary of Feed Parameters

3.3 Devel opment of Parabol o'id Ref I ector
Feeds

3.4 MicrostriP Disk Radiator

CHAPTER IV DESIGN OF SIMPLE PRlMT FOCUS FETD

4 .1 I ntroduct ì on

4.2 Initial Geometry

4.3 Optìmizatìon of Antenna Geometry

4. 3. 1 D'isk Scatterer 0ptìmi zat'ion

4.3.2 Fì ange 0Ptimi zat j on

4.4 Mod'if icati on to Fì anged Di sk Antenna

4.4.1 Disk Modifications

4.4.2 Choke Modifications

4.5 Flanged Disk With Maximized Gain Factor

4.6 Modìfyìng the Feed Structure

4 7 Summary of Geometry Modjficatjons

CHAPTTR V CONCLUDING REMARKS AND FUTURE

EN HANC TMENTS

5,1 IGAD-ROTZ

5.2 Di sk Antenna

30

30

31

32

35

36

?o
J(J

42

51

51

52

54

56

5B

60

60

66

69

70

72

'101

101

103



Page No

RTF TRTNCE S

APPENDIX A The GE Engìneering System

APPTNDIX B L'ist of IGAD-R0T2 Subrout'ines

APPENDIXCCalculatjonofParabo]o.iodEff.ic.iencies

107

108

109

114

VI



LIST OF FIGURES

Page No.

CHAPTER I

Fìgure 1

CHAPTER I I

Fìgure 1

Fi gure 2a

- R0T2 Program Structure 10

- IGAD-ROT2 Program Structure

- Construction Screen Layout and
Men u

- P'lot Screen Layout and Menu

24

25

Fì gure 2b 26

Fì gure 2c

Fi gure 3

Drawing Screen Layout and Menu
a1
LI

The Method Used to Create Mul t'iple
Contour Geometries Illustrated
with a Circular Metal Ground Plane

oô
LO

Fìgure 4 - The Method Used to Insert Contours
Il'lustrated with a Circul ar Metal
Ground Pl ane

?9

CHAPTER I i I

Fi gure 1

Fi gure 2a

F ì gure 2b

Geometry of a Paraboloid Reflector 44

45

Aç.

Optimum I I I um'inati on Feed Pattern

Figure 3

- Rel atì ve Field Intensìty of 0ptìmum
I I I umi nati on at Parabol oi d Rìm for
Differing Feed Pattern Numbers

- Pol ari zati on Characteri st'ics of
Ref I ector Antennas

46

F'i gure 4 Superimposed Magnetic and Electrjc 46
Aperture Fields Produce Huygen's
Source w'ith Linear Polarization

Fì gure 5 The Dual Mode Conical Horn and
Radi ati on Characteri sti cs

47

v't l



Fi gure 6 The Scal ar Horn and Corrugated
Feed

Page No.

47

Fi gure 7a Rotat'i onal 1y Symmetri c
Trapezoìdally Corrugated Horn

4B

F i gure 7b - Rotatjonal'lY SYnmetric
S'inusoi daì 1Y Corrugated Horn

4B

Fì gure B

Fi gure 9

- Microstrip Disk GeometrY

- Comparison of First Order Mode

Approxìmation with an ldeal Feed
and a Good Feed

49

50

CHAPTTR IV

Fì gure 1 - Disk Antenna Modelled using
IGAD- ROT2

1')

Fìgure 2 - Radiation and Efficìency
characteri sti cs of D'isk Antenna
(Refer to Fìgure IV-1 )

Fìgure 3 - 0ptimìzation Variables for D'isk
Antenn as

74

-7E

Fìgure 4

F i gure 5a

0ptìmization Program Structure

Constrai ned Optìmi zati on of
Non - F'ì an ged Di s k Antenn a

Cross-Po'ìar.izatìon (-20 dB, D'isk
Hei ght >0. 1

76

71

F ì gure 5b Constra'ined 0pt'imi zatì on of
Non-Flanged Disk Antenna
Radi at'ion and Eff i cì encY
Characteri stcs
Cross-Polarizatìon (-20 dB, Disk
Hei ght) 0.1

7B

Fì gure 6a Constrai ned Opt'imi zatì on of
Non-Fl anged D'isk Antenna
Cross-Pol ari zati on (-20 dB, Dj sk
Radì us) 0.25, Di sk Hei ght)O.1

79

vl l l



Fi gure 6b Constrajned 0Ptimization of
Non-Flanged Disk Antenna
Radiation and EfficiencY
Characteri stì cs
Cross-Pol ari zation (-20 dB, Di sk
Radi us >0.25, Di sk Hei ght >0.1

Constrai ned OPtìmi zati on of
Flanged Disk Antenna
Crosi-Pol ari zati on ç-20 dB, Di sk
Radius >0.25, Dìsk height>0.1

Page No

BO

Fì gure 7a B1

Fi gure 7b - Constraìned OPtimization of
Flanged Disk Antenna
Radiation and EfficiencY
Characteri sti cs
Cross-Polarization q--20 dB, Disk
Radius 70.25, Disk Heìght>0.1

- Conic Disk Antenna Radiation
Characteri sti cs
Peak Dìrected AwaY From Ground
Pl ane

B?

Fi gure Ba
ôa
ÕJ

Figure Bb - Conic Disk Antenna Radiation
Characteri sti cs
Peak Directed AwaY From Ground
Pl ane
(Refer to Fìgure iV-Ba)

B4

Fìgure Bc - Conic Disk Antenna Radjat'ion
Characteri sti cs
Peak Directed AwaY From Ground
Pl ane
(Refer to Figure IV-Ba)

OE
OJ

Fi gure 9a Coni c Di sk Antenna Radi ati on
Characteri sti cs
Peak D'irected Towards Ground Pl ane

B6

F i gure 9b Conic Disk Antenna Rad'iation
Characterì st'ics
Peak Directed Towards Ground Plane
(Refer to Figure IV-9a)

o?
OI

F i gure 9c Coni c Di sk Antenna Radi atì on

Characteri st'ics
Peak Dìrected Towards Ground Plane
(Refer to Fìgure IV-9a)

oo

IX



F ì gure 10a - Dìsk Antenna with External Post
Radi ation Characteri st'i cs

Page No

89

Figure 10b - Dìsk Antenna with External Post
Radi at'ion Characteri sti cs
(Refer to Figure IV-10a)

90

Fìgure 10c - Disk Antenna with External Post
Rad'i at'i on Characteri st i cs
(Refer to F'igure IV-10a)

- Modification Parameters for the
Normal and [xternal Choke TyPes

91

Figure 11 92

Figure 12a Constrained Optìmizatjon of the
Fl anged D'isk Antenna
Flange Lengthd.0, Disk Radius )0.25,
Di sk Length<0. 1

93

Fìgure 1?b - Constrained Optim'izatìon of the
Flanged Disk Antenna
Rad i at j on and Ef f i c'i encY
Characteri sti cs
Fl ange Length 1 .0, Di sk Rad'ius

>0 .25, Dì sk Length>0. 1

94

Figure 13b Fl anged D'isk Antenna w'ith External
Po st

95

Fìgure 13b - F'ìanged D'isk Antenna with External
Pos t
Radi ation and Effìciency
Characteri st'ics
(Refer to Figure IV-13a)

96

Fìgure 14a - Singìe Dipole Fed Fìanged Disk
Antenna

97

Fìgure 14b Sìng1e Dipole Fed Flanged Disk
Antenn a

Radiation and Eff iciency
Characteri sti cs
(Refer to Figure IV-14a)

9B

X



F i gure 15a - Single Dìpole Fed Flanged Dìsk
Antenna w'ith External Post

Page No

99

Fìgure 15a - Single Dìpole Fed Flanged Dìsk
Antenna with External Post
Rad'i ation and tfficiencY
Characteri st'ics
(Refer to Fìgure IV-15a)

100

Appendix A - The General Electric tngineering
System

109

xi



LIST OF TABLES

TABLT I - Con'ic Scatter Modification Results
Con'ic Poìnt Directed AwaY From

the Ground Plane

- Con'ic Scatter Modìfication Results
Con'ic peak'is directed towards the
ground Pl ane

- Disk Scatterer with External Post
Modìfication Results

- Flange R'im Choke þJalI Modif ication
Resul ts

- Flange Rim Choke Slit liidth
Modif icat'ion Results

- Flange Rim Choke Slit DePth

Modification Results

- F ì ange Rìm Externa'ì Choke Sl i t ll'li dth
Modification Results

Page No.

64

TABLE I I
64

TABLE I I 1
65

TABLE IV 67

TABLT V
67

TABLE VI 6B

TABLE V] I 6B

TABLT VIIi - Comparison of Flanged Antennas '103

xl I



âr

â6

dg

LIST OF SYI:BOLS

Unìt vectorin r direction

Unit vector in $ dìrection

Un'it vector in 0 dìrection

Microstrip disk Patch radius

Parabol o'id aperture dì ameter

Djrectivity

0 component of the electric field

0 component of the electrjc field

Aperture effi ci ency ( gai n factor )

Spillover efficiency

Il'ì um'i nati on eff i cì ency

Paraboloid focal length

Gajn function of parabolojd feed

surface current densìty

v-1

Freespace wave number

l,lavel ength

Tota'ì povver

3.14159265

Relatìve permeability

Rel ati ve permi tti vi ty

Powerintens i ty

Angl ar frequency

a

d

D

E
E

rl

1s

rl¡

0

ó

f

cr (o)

Js

J

k.,

T

Pt

1T

p

€

u

0)

Note - Unless otherwised specif ied, a'11 units of measure wi'ì1 be given with

respect to the resonant wavelength.

xl l'l



I NTRODUCT I ON

The development of the electron'ic revolutjon over the past 20

years has brought with it an eng'ineering tool of signìficant

ìmportance, that be'ing the "Computer Ajded Engìneering" (CAE) or

,'Computer Aided Design/Computer Aided Manufacture" (CAD/CAM)

systems. In electrical engìneering both graphìc prìnted circuit

board and.integrated cìrcujt desìgn have been supported by CAD/CAM

techniques for a number of yearS. More recently, microwave

cjrcuit CAD systems have become ava'ilable, but little emphasis has

been pìaced on graphic antenna design. Traditìonally antenna

desì gn has been performed 'in one of two ways, either by a

trial-and-error experimental procedure or using an analytìcal

approach . Both of these methods are I 'imi ted 'i n there

appl ìcat.ions: the analytìc method is restricted to sìmple

geometries and cannot eas'ily be generalized and the latter ìs tìme

consumìng, usually ìabor ìntensìve, and often very expens'ive.

Severa'l rout jnes have been written to numericaì'ly pred'ict

radiat'ion characteristics for families of antenna geometries

[1-3]. Qne such routjne (RQTZ) calculates the fjeld radjation

patterns for antennas whjch exhibit rotat'ional symmetry about one

axjs. An interactive graphic antenna design ( IGAD) package was

developed by the author as a pre and post processor for R0T2 by

integratìng ìt with the Calma CAD/CAM system. The IGAD package is

XI V



composed of three major components. The analys.is routine is

needed to pred.ict the antenna radiation characteristics, the

CAD/CAM system provìdes the graphics processjng, and an interface

is required to merge the two. Graphic antenna desi gn techniques

are useful jn reduc'ing tìme and cost of production and desìgn,

whi I e improv'ing antenna deta'il .

The IGAD package 'is not lim'ited to on'ly rotatjona'lly

symmetric antenna geometries. Concurrent with the authors work, G.

Nejlson is developìng two additional graphic'interface processors

to be used in conjunction wjth analysis routines 12,31 for wire

and surface patch modelled antenna geometries, The three programs

and assocìated graphìcs combjne to form the IGAD package Only

R0T2 portion ( IGAD-R0T2) ìs relevant jn this text, and therefore

no further consideration w'ill be extended to the wire and surface

model sections of IGAD.

The remainder of this paper presents a d'iscussion of the work

involved developing a graphìc 'interface for R0T2 and a design

exampìe i I I ustrat'ing the system performance. The f irst two

chapters deal exclusively with the IGAD-R0TZ package development,

while the fjna'l three chapters examine the desìgn considerations

of a paraboìoìd reflector feed us'ing the graphic technìques. The

topics covered include the fol lowjng¡ CAD systems and the

benef ìts, and preì im'inary 'information on the graphic antenna

design package (Chapter 1); the desìgn and development of IGAD

(Chapter 2); background on paraboloìd reflector feed desi gn

XV



(Chapter 3); the design of a prìme focus feed (Chapter a);

finalìy the conclus'ions and future developments (Chapter 5).

and
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CHAPTER I

GRAPHIC COMPUTER AIDED ANTENNA DESIGN

1.1 ) CAD/CAM Systems

Computer aided engìneerìng, wh'ich now touches vìrtuaìly all

bases of engìneering, began wjth the computer revolut'ion'in the

early 1950,'s. At that tjme computers were little more than large

programmabìe ca'ìculators capabìe of the iterative and

trial-and-error type calculatjons that were necessary in

mechan'ical and electrical design optìmìzations [4,5]. The cìosìng

of the 1950,'s and the beginning of the 1960's saw a dramat'ic

'increase in computer processìng power, as well as the emergence of

mult.itasking systems. This era witnessed the development of

numerous general ìzed engìneerìng aìgorithms (such as finite

element anaìysìs) and specìaljzed appììcat'ion routines. Computìng

costs were very high and affordable only by large corporations.

This Iasted untiI the early 1970,'s when the advent of powerfuì

mini computers brought the in-house computìng costs wjthin the

range of the more abundant, sma'l'ler f irms. Concurrentìy

technology had deveìoped to the point where the processìng of

screen graphìcs had become cost effective. Merging powerful

interactive computing methods w'ith hìgh speed graph'ics was the

1



next log'ical step. These Computer Aided tngìneerìng (CAE) systems

were first 'introduced as bundled hardware and software (turnkey)

packages. As microprocessors, mini computers, and CAE equìpment

decreased in cost and standardization became more prevalent, the

systems became more di ssoc j ated . The dì fferent components

assoc j ated wi th CAE tended towards more spec'ia.ì'ized and local j zed

funct i ons .

Today, CAE systems possess much greater computing power and

speed. Software, for many systems, has been available for up to

10 years a1'lowing for sìgnìficant development and often high

re'ì.iabiìity. Computer Aìded Engineering spans almost every facet

of engìneering. Appendix A elucidates the extent of General

Electric Corporation.'s [6] CAE environment which covers computer

assisted product development from the in'itial concept through to

manuf acturi ng and qua'l ity control .

1.1 .1 ) CAD/CAM Equì pment

Most CAD configurat'ions consist of a central computer (with

res'ident graphic software) networked w'ith 1 or more special ized

workstat'ions. A typìcal workstation includes a high resolution

graphìcs screen, an alphanumeric screen for nongraphic display, a

keyboard for command and data entry, and an electronic graphics

tablet and "digìtìzìng" pen. Computer Ajded Desìgn systems are

not limited to the centralized architecture described above.

?



stand-al one workstati ons are avai I abl e comp'lete w'ith graphi cs and

prìmary processìng functions. It is also possible, in many cases'

to network these workstatjons wjth a central processing unit' In

such caseS, data transfer is handled in a standard format, usually

IGtS (lnternat'ional Graph'ic Exchange Standard)

1.1.2) Advantages of CAD/CAM

Extens i ve capi tal i s requ i red to purchase the above

equìpment. To iustify such expend'itures, the benefits of graphic

CAD technìques when appljed to antenna design must be estab.ljshed

The advantages of Computer Ajded Desìgn related to the engineerìng

field are we'ìl documented and in many instances apply to antenna

theory as weì1, as ìs illustrated below:

- computer graphìcs provide a medjum through which antenna

models may be qu'ickly created and modif ied. Menìal, t'ime

consumi ng tasks such as spacì al coordi nate generati on are

handled by the software, and not the desìgner. Desìgn time

is therefore signif icantly reduced.

- The antenna i s, in most cases, model led as three

dimens'ional geometrìes with corresponding mass properties.

These propert'ies can be extracted and used to drive computer

numericaììy controlled (CNC) machines or used to analyse the

structuraì qual i ti es of the antenna under di verse I oad

condi ti ons such as hì gh w j nds. blj nd 'loadi ng i s a

IJ



particularly important performance characterjstìc of

parabol oj d refl ector antennas.

- Electromagnetic theory is a particularìy abstract subject

that students often have troubl e comprehendì ng. Graphi caì ly

depìct'ing antenna models in space with the correspondìng

radiation character.ist'ics would help increase the fundamental

understandìng of antenna theory. A'lso, an'imation of these

models would ìllustrate how various antenna components affect

the radiated fie'ìd. This shou'ld enhance the comprehension of

electromagnetìc basjcs and thus 'ìead to more creative and

improved desì gns.

- Production drawings can be easìly generated from the

antenna model.

Genera'ì 1y speaking then, it may be concluded that CAD:

improves des ì gn tjme and detai ì , (?) i ntegrates des ì gn

engì neeri ng and, ( 3 ) reduces productj on time and costs.

(1)

and

n+



1.2) Calnra CAD System and the IGAD Package

All software developed for the Interactive Graphic Antenna

Design ( IGAD) system has been accompl jshed at the Manjtoba

Research Councjl's (MRC) Industr'ìal Techno'ìogy Center (lTC) in

conjunctì on wi th the Unì vers i ty of Man i toba. ITC currentl y

operates a VAX 11/780 minìcomputer with the following applìcatjon

pack ages :

- General Electrjc.'s Calma CAD 17-9) system features a three

dimensional data base for w'ire frame models and 4

workstations.

- Structural Dynamics Research Corporation (SDRC) CAD system

i s a sol'id model l ì ng sof tware package used most'ìy for stat'ic

and dynamic structural analysis. SDRC is owned by General

tlectric.

The devel opment of IGAD i s l'imi ted to only the Calma system.

Future work should ideally see the 'incorporatjon of SDRC software

to analyse the mechan'ical and structural propertìes of the antenna

mode'ls

Calma,'s Desìgn, Drafting and Manufacturìng language (DDM) is

an jnteractive graphìc ìanguage used to build'items of geometry

vi a the dì gì ti zi ng tabl et or keyboard. Calma al so i ncl udes a

Design Analysìs Language (DAL) to assist the user wjth software

development. DAL is a hìgh ìevel programable graphìcs language

5



composed of vi rtual 1y al I the DDM commands p1 us several

"Fortran-like" mathematica'l and'input/output (j/0) functions. In

addìtìon, DAL interfaces to Fortran. This leaves an ideal

environment to address the two areas of software development

assocjated wjth IGAD: (1 ) the generat.ion and dìsp1ay of antenna

geometries and performance characteristics (usìng DAL), and (2)

the calculatìon of rad'iat'ion patterns exhibited by these

geometries (usìng Fortran).

It i s possi b'ìe us'ing the DAL/Fortran interf ace d¡iver to pass

more than just scalars between the languages. Virtualìy all data

base representations of Screen geometry that can be generated by

DAL (or DDM) may be passed to and from Fortran. Since DAL 'is

written in Fortran, the software eXecutjon time may be decreased

by bypassi ng DAL and writ'ing the graph'ics code 'in Fortran Th'is

would lead to fast, but unfortunateìy, extreme'ly compìex and long

algorithms. Instead only the mathematical and I/0 subroutines are

programed in Fortran.

Calma uses a three dìmensional data base representation to

store screen models. Any number of model v'iewing windows may be

defined usìng a "flying eye" to select the window orientation.

þJìndows are dìsplayed 'in user defined viewports. Up to six

vìewports are supported per screen 'layout, therefore six different

model images may be di spì ayed sìmul taneously. Geometries Calma

supports include points, arcs, lines, splines, surfaces,

B-surfaces, 1 abel s, notes and d imensjons. Non-graphì c text and

6



data may be stored with the model usìng entitjes called text-data

i tems .
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1 .3) R0T2

Given below is background informatjon on the anaìysis routine

that 1aas integrated wjth'in IGAD-RQT2 to the Calma CAD/CAM. R0T2

js a Fortran computer program that ut'il'izes the Electric Field

Integral Equatìon (EFIE) approach to predict the scattered field

from a perfect conductìng body of rotationa'ì symmetry. The

soluton to EFIE 'is effected by the method of moments technique.

An ìn-depth look at the model ì ing and computational aspects of

R0T2 may be found by referfling to 0le Rydhal's thesjs on

"Scatterìng From Small Bodies" [10].

R0T2 was w¡itten to treat a large variety of rotat'ional

scatterers. Up to 10 separate scattering bodìes may be model led

using the program. Each body'ìs composed of 1 or more basic

geometry contours that are present withìn the main program.

Geometry segmentatìon must be defined by the user to determjne how

tìght'ly the contour curve is modelled as a senies of straight line

doub'ìets. The des'igner Specifies the mjnimum and maximum number

of segments per wavelength and the min'imum deviat'ion of the

contour curve from the straì ght I'i ne approximati on. Incj dent

field defin'itjon is restricted to four different types: dipoìes,

monopoìes, plane waves, and conical horns. Calculation of the

Scattered far field ìs accomplished via one of two methods. The

approximate solution determ'ines the far field radiat'ion without

the contribution of the near fjeld terms. The more precìse

ô
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solution ut'ilizes

si gnificantìy more

the near fi el d

computer time.

rad i at i on but requ i res

The chart gi ven in Fì g. I-f i I I ustrates the R0T2 program

structure. An input program cons.istìng of command cards and

specìfication cards is used to model the antenna geometry, define

the incjdent field, and determine the output. Fol lowing each

command card may be a series of specìfjcation card(s) which

summarize the parameters of the jnstruction be'ing executed The

commands are d'ivided up into 4 sectjons. The Interpreter section

'is a collect'ion of miscellaneous functions that control the

program flow, determjne the degree of output and labe'l the

different models. The Geometry section uses a base of six primary

shapes (each rotati onal 1y symmetri c ) to model the antenna

geometry. The Incìdent Fjeld is composed of a p'lane wave, a

con'ical horn, or a serìes of dìpo1es. The desired fìeld

calculat'ions are specified via the 0utput section commands.

The computat'ional methods of R0T2 are not'important in this

text, but the modellìng techniques used by the antenna designer

must be considered ìf the R0T2 ìnput/output is to be emu.lated by

the graphìcs system. The foì lowing chapter wi I I discuss the

author 's task of comb'in ì ng the CAD system wi th R0T2 .
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CHAPTER I I

IGAD-ROT2

?.1) Introduction

The previous chapter provided some prelìminary jnformation on

the Calma CAD/CAM and the R0T2 analysis program. The actual work

accompl ished to perform the Calma-R0T2 merger is detai led in

subsequent sections of thi s chapter. Ini ti aì ly an expl anation of

the pre and post-processìng software funct'ions written by the

author in Ca'lma's Desìgn Analys'is Language (DAL) will be gìven.

Inc'l uded wj thi n these functi ons are the constructi on, pì of and

drawing modes of operatjon As we'l ì, a couple of additional

attributes included w'ith the graphics code and not found in R0T2

are expounded upon. IGAD-R0T2 incorporates a submodel feature

that enables the designer to work concurrentìy on several

djfferent antenna submodeìs, and also maintains connect'ivìty data

to ensure proper model 1 ì ng of the antenna geometry 'i s

accompl i shed
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2.2) l4erging Caìma and R0T2

The in'itjal IGAD-R0T2 concept tntas developed to integrate

graphì c computi ng techni ques wi th avai I abl e Fortran antenna

analysis programs. At the outset of the project, the two main

package components were avai 'l abl e: ( i ) a copy of R0T2 was

obtained from the Un'ivers'ity of Manitoba and imp'lemented on (2)

the Man'itoba Research Councjl's CAD fac'ilit'ies. The anaìysìs

routine and the graphic computìng methods form the basjs of the

iGAD-R0I2 package. DAL interface rout'ines were written by the

author to 'interact.ively ìntegrate the two

The Calma-R0T2 interface software was developed to serve two

basic funct'ions:

1 - To act as a pre-processor for the analysis routine.

Thjs includes properly modellìng the antenna with screen

graphics, and using this data to generate the R0T2 ìnput

fjle. The pre-processor must also be capable of emulatìng

a'l I ROTZ commands and perf ormì ng the mode'l management and

display modification functions.

2 - To act as a post-processor wh'ich i s 'ini t j ated af ter the

antenna analysis calcu'lations are complete This software is

responsìb1e for dìspìayìng the rad'iat'ion characteristics on

the screen (or paper) jn a manner that is readì1y understood

by the designer. it must also be capabìe of model management

and display modìficat'ion functjons.

12



The graphìc processors described above are d¡iven through

user-friendly Screen menus that enable command and data entry.

Included with the Calma source code is a tablet funct'ion used for

the creati on, cal ì brat'i on, and edì ti ng of the tabl et or on-screen

menus Assoc'i ated w'ith each menu pi ck i s a series of DAL

subroutines that were written Specifically to perform a1ì data

aqui sj ti on, screen geometry constructj on, and archi vi ng. The

screen menus were des'igned by the author usjng the Calma tablet

functions. Appendix B l'ists and briefìy descrjbes the DAL

'i nterface programs that were devel oped specj fi cal ly to accompì i sh

the Calma-R0T2 merger.

2.2.1 ) Constructi on Mode

Fi gure I I-1 i I I ustrates the overal I IGAD-R0T2 program

structure. The chart shows how the program fl ows natura'l ìy

through the constructìon, executìon, plottìng, and drawing modes

of operatì on The post and pre-processi ng sect'i ons of the

software are d.ivided at the R0T2 execution point

Three screen menus have been created for the construction,

pì of, and drawi ng modes and are i nd'i vi dual ly i I I ustrated j n

Fì gures I I-2a to II-?c. The screen ì ayout for the constructi on

mode handles al I of the pre-processing functìons and is given in

F'igure II-2a. All antenna construction and editìng must be

perf ormed in th'is mode vi a the menu. P'lan, ri ght side, and

13



jsometric views are dispìayed ìn the three viewports. Changes to

the displayed informat'ion are automatjcal'ìy reflected through a1l

vìewports (a result of the three-dimensiona'l data base). The

windows contained in each viewport may be relocated or redefined

through graphìc menu picks. Interactive modjfications may be

performed ìn any displayed window, regardless of its orientation.

The previously d'iscussed R0T2 ìnput command groups are

'ìocated along the top two rows of processor buttons ìn Fìgure

II-2a. The graphic symbols under the Geometry heading are used to

bur'ld the antenna contour from a base of prìmary shapes.

Cyì inders, spheres, el ipsoìds, paraboloids, hyperbo'ìoids, and

disks are among the contours included. Each contour pick ìs a

serjes of DAL subroutìnes, each capab'ìe of the foìlowing:

Prompting the des'igner for geometrical parameters.

- Constructing the contour on the graphics screen usìng DAL

spì ine, ì ine, and surface commands

- Prompting for the contour segmentation deviation

parameters.

- Storing aquired'information as a text-data item with

antenna model . Th'is data i s 'later accessed to wri te the

ìnput f i le.

14

the

ROT2



Excitation of the antenna ìs restricted to the dìpoìe,

monopole, vectored plane waVe, and conical horn commands displayed

under the Incident Field head'ing in Figure II-2a. Current f isting

and field specification commands (with or without field

approximations) spec'ify the anaìysìs program output. Agaìn, as

wìth the geometry subroutìnes, DAL programs are written to perform

al I informatjon retrieval, construction (where appl icabìe), and

archiving for the Incident Field and Calculat'ion command groups.

Also ìncluded aìong the top rows are a Series of command mod'ifjer

buttons that are used in conjunctjon wjth the processor buttons to

modìfy, add, or delete the above construction elements.

To perform menu picks using the on-screen menu' it 'is

necessary to di sabl e the tabl et associ ated wj th the di gì tì zi ng

pad. This al lows Desìgn, Drafting and Manufacturing (DDM)

commands to be entered by the keyboard only. S'ince most users

wi I I have a very I jmi ted knowì edge of DDM, several useful

functions such as screen magnìficatjon and grid selection have

been incorporated'into the graphic tablet as display modifjcation

commands. These funct'ions are located in the bottom half of the

vertical command co'lumn along wjth the window modificatjon buttons

(very bottom). The top half of the column contains the general

model commands These DAL subrouti nes enabl e the des ì gner to

retrieve and fììe models, execute the R0T2 ìnput file trans'lation

program, exit back to DDM, display informat'ion associated with an

'item, and alter the work'ing submodel set and model pointers (the

15



purpose of these funct'i ons wi I I be expanded on I ater ) . The

translation program js used to convert the stored screen geometry

into the R0T2 input command file

The two rows of buttons located in the middle of the screen

allow numeric data entry from the graphìcs tablet (the keyboard

may also be used). Toggling between constructìon, plot, and

drawìng modes 'is accompìished v'ia the "S10" commands The modeì,

dì spl ay, and wi ndow commands are common for most modes of

operat'ion and have been included with all screen menus.

2 .2 "2) P I ot Mode

The plot screen ìayout is shown in Fìgure II-2b. This screen

layout cons'ists of 1 pìot and 2 geometry viewports" Againo any

orientation may be dispìayed ìn the geometry wìndows, but model

modìfications should onìy be performed jn the construct'ion mode.

The plot window has a fixed alignment and should not be altered.

Several DAL routi nes have been wri tten to hel p fac i I i tate

plott'ing of field informatìon User definable options such as

axes ìength, plot location, pìot type, and number of plots (no

ljmit) have been ìntegrated 'into the software The pìot software

al so reads and scal es fi el d data and generates al I axes, 1 abel s,

and pìot 'lines. Currentìy 4 plot types are supported:

1 . User Defi ned Aì I ows the des'i gner to pl ot up to 4
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sets of data for each f plane: the E-p1ane magn'itude, the

E-plane phase, the H-plane magnitude, and the H-pìane phase.

Often it 'is necessary to d'isplay magnitude and phase

information on the same plot This optìon is included. Two

or three plot axes are created depending on the number of

different data set types.

Cross and Co-polar - The cross-polar and co-polar fieìd

jntensitìes, as def ined by C. Ludwig, tlll are dispìayed 'in

plot form. The formulatjon of cross and co-polar will be

'investigated in Chapter 3.

3 Gain The ga'in i s pl otted f or a gi ven {l pl ane .

4. Parabol'ic Reflector Feed Efficìency and Gain Factor -

Three important performance characterist'ics of an ideal

paraboìoid reflector feed are the spì1ìover efficìency,

illumination efficìency and gain factor. These three

parameters are pl otted together. Cal cul at'i on of parabol oì d

ref'lector design parameters are covered later in Chapter 3.

Many of the mathematjc intensive calculatjons such as cross

and co-po1ar, gain, reflector feed efficìency, gain factor, data

scal i ng, and po'i nt I i st generat j on are wri tten i n Fortran and

uti I'ize Calma's DAL/Fortran j nterf ace.
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The,'PL0T DtL" and "PL0T MOVE" commands are self explanatory

Edìting of screen text'is accompì.ished through the DAL function

"TEDrr. The commands to the Ieft of the "TED" button are standard

DDM djmension'ing functjons. A command button that is especiaììy

useful with dimensìonìng 'is "ACC" which al lows the number of

decima'ì places to be altered on subsequently displayed dimension

n umber s

2 2.3 ) Drawi ng Mode

The drawing mode screen menu (Fig. II-?c) was deve'loped to

faciljtate the creat'ion of production drawings. It js usuaìly

activated upon completion of work jn e'ither the construction or

plot modes. A drawing ìs defined .in th'is text as a composit'ion of

one or more geometry or p'lot screen windows pìaced together by the

designer within the draw'ing mode. The drawing mode contains only

one viewport. A typical command sequence needed to produce a

drawìng of an antenna or it,'s radiation characteristics

jl lustrates the flexibiì ìty of the drawing mode. Using the

command buttons l'isted on the top of the screen menu, the designer

first determjnes which windows are to be included; then composes

the drawìng by addìng and/or deleting w'indow(s); if necessary,

ed'its the window(s); and fina"lly submits the drawing to the

pl otter . Al I wj ndows i n the pl of and constructi on modes are

ava.ilable to be pìaced withjn a draw'ing. Thìs enab'ìes both desìgn

and productìon drawìngs to be extracted from the antenna model

1B



The drawing may be one of several standard paper s'izes or may be

user def i ned

The "[,JIN" functions shown in Fìg II-Zc perta'in to addìng,

delet'ing, or movìng of the drawing windows, whi le the rrDRI,Jrr

commands are used to add, delete, or move ent'ire draw'ings. "DRI¡J

0FF" turns off the drawìng mode and disables the "PL0T"ting

f unct'ion The user may al so l'ist the avai I abl e draw'ings and

windows through the rrLST' functions.

Several of the model, numeric, and d'isplay commands discussed

previously have been included w'ith this menu and are located

with'in the lefthand column of buttons. As we1l, togglìng between

either of the remainìng modes of operatjon isaccommodated via the

"S10" functi ons.
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2.3) Connectivity

Antenna geometries composed of mult'ipìe contours must be

created in a structured fashion to enable the computer to properìy

mode'ì the connected segments. Geometrìes should therefore be

created such that the conductor path is cont'inuous and closes upon

itself. The sheet metal ground plane shown 'in Fìgure ll-3 is

model'led usì ng 3 cyì .inders. The properly model I ed d j sk ì n the top

drawing has a conductor path shaped from a contìnuous strìng of

cylinders that start and end on the axìs of rotatìon, whereas the

remajnìng two scatterers are 'incorrectly formed.

IGAD-R0T2 handles the problems associated with mult'ip'le

contours by imposing connectivìty restrictions on each shape.

This ensures that each contour is "bu'ilt" from an existing one,

unless of course, it 'is an injtia'l scatterer geometry. A base

contour is determ'ined either from the desìgner selecting an

exjsting item or by defaultìng to the previousìy created one. The

antenna creation process continues in this fash'ion, bu'iìding

contours from the precedìng one, unti'l the antenna model js

complete. Each contour has assoc'iated with it a unìque geometry

jdent'ification number" This numbelis stored aìong with the

geometry numbers of connected items in the contour text-data 'item

Access of this data when the trans'lation routine'is executed

ensures the command card sequence i s correctì y ordered .

Connectivìty v'iolat'ions are detected durìng translat'ion and the
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user is notifjed with a warn'ing message and an abort option

Deletions and mod'ifications may be performed on connected

'items. Modifying these items automatical.ìy updates the connected

contours. Both disp'layed and stored informat'ion is affected.

Contour holes left as a result of geometry deletjon should be

fi'ìled with additional items before translat'ion. F'igure II-4

hì ghì ì ghts thi s poi nt. The mj ddl e cyl j nder of the top ground

pìane is deleted (connectivity broken) and a choke composed of 5

cyìinders is jnserted to re-establish connectivity.
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?.4) Submodel s

An additional useful and t.ime savìng submodel feature has

been incorporated 'into the IGAD-R0T2 structure. One Calma model

may store up to 10 antenna submodels" The workìng submodel set

(',hlRKNG SET") command shown in F'igures II-2a to TI-2c'is used to

actjvate any number of submodels All of the geometry, incident

field, fìeld calculatìon, deletìon, and addìtìon commands onìy act

upon the activated submodel set. Th'is enables the designer to

perform constructjon add'itions and deletions on groups of

antennas, rather than on an ind'ividual basis.

0f ten the desì gner is 'interested 'in determìng how the

modificat'ion of an antenna part (for example a ground plane) will

affect jt-s radiation characteristics. Instead of creating 5

antenna models, each with a d'ifferent ground plane, he/she could

model the antenna mi nus the ground pl ane once and have i t

refl ected through f i ve antennas wi th the submodel opti on"

Following thìs, a d'ifferent ground plane could be created for each

of the 5 antenna geometries. Normal procedures Would then be used

to translate the models, execute R0T2, and generate the desìred

pl ots. Cauti on must be exerci sed to ensure connecti vì ty i s

maintained throughout all of the submode'ls s'ince only one antenna

'is dispìayed at a time. The computer and engineerìng time saved

as a result of this approach js obvious
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The working submodel set also determjnes the list of models

subm'itted for translat'ion. DAL sof tware controls al I "book

keeping" associated wjth writing the proper command and

speci fj caton card sequences. Thj s ensures that the model s are

submitted in required order. To jncrease the computìng efficìency

and command usage of R0T2 ì nput cards, submodel s are user

defj nabl e as ej ther a geometri cal vari at'i on or an i ncj dent fi el d

variat'ion of the precedìng submodel. An inc'ident fjeld variation

model majntains the same geometry as the prevìous submodel but is

exc'ited with a d'ifferent source. Consequently the antenna

ìmpedance matrix of the previous submodel is stored within R0T2

and reused to s'ign'ificantly reduce the program execution time.

Geometrj cal ìy vari ed model s have a dj fferent geometry from the

previous submodel but may be excited with the same source.
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CHAPTTR I I I

FEED CHARACTERISTICS OF PARABOLOID REFLECTORS

3.1 ) Introduction

The second chapter dìscussed the IGAD-ROT2 package that has

been completed to date. The following chapter presents material

on'ideal paraboìoìd reflector performance characterjstics and

background 'information on the more tradjtional prìme focus feeds.

A relatively new antenna type, the microstrìp dìsk, 'is also

discussed. This antenna, upon init'ial'investigation, appears to

approach the standards of establ'ished prime focus feed horns. The

el ectrical perf ormance of the m.icrostri p di sk antenna 'is bri ef ìy

investìgated at the conclusion of this chapter. The fundamentals

assoc'iated wi th mì crostri p d'isk antenna operat j on w'i l l f orm the

basis from which an orìg'ina1 antenna, the flanged disk radiator

wi I I be devel oped.
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3.2) Paraboloid Reflector - Feed Relationsh'ip

To understand the considerat'ions that must be taken when

initjating a new feed design we must fjrst discuss the

relatìonships govern'ing the ref'ìector performance Fìgure III-1
'illustrates a paraboloid reflect'ing surface illuminated by a feed

located at the focal, the coordinates of a poìnt on the reflector,

and an observation poìnt in the far fjeld" Two methods are

commonìy used to analyze the radiat'ion characteristjcs from the

reflector surface. The "aperture d'istribution" method uses

geometric ray opt'ìcs to determine the scattered field over a

projected reflector area normal to the axi s of rotation [12].

standard techniques are then appììed to the aperture to determ'ine

the far field rad'iation"

The second technìque, titled the "current d'istribution,,

method, uti I'izes the physica'l optics approximation to determine

the current density (Js) induced on the reflector surface from the

feed antenna" Thj s current is integrated over the reflector

surface to obtain the secondary fjeld. The gaìn follows from the

secondary field calcu'ìat'ion The performance of the refìector may

be more readily understood from ìts gain and js detailed .in the

fol'lowjng sectìon.
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3.2.1) Calculation of Paraboloid Reflector Efficìency and Gain

Factor

The current d'istribut'ion technique ìs applied by Balanis [12]

to calculate the fields radiated from a paraboloìd. The radiatjon

integrals and auxi'lìary vector potent'ials are used to ca'ìcu'late

the scattered fields in both E and H planes:

E o = -¡ff..r-ik, I I au.¡,riLr"â, ¿,
+Tr

E a = -iffir-ik, Í I âa.t,"ikr "â, o,

(1a)

(1b)

where (¡) =
l¡=
k=
âr=
âo=
a6'
.Js =

angul ar frequency
rel ati ve permeabi 1 i ty
freespace wave number
unit vector in the r direction
unit vector in the 0 direction
unit vectorin the $ djrection
surface current on the reflector

The derivat'ion of the above field equatìons 'is based on

several sìmp1 ìfying assumptìons:

- the scattering reflector is a smooth closed surface

- Js=0 over the shadowed surfaces and scatterìng occurs onìy

from the i I I umi nated face.

- direct radiation from the feed is ignored

- edge d'if f ract'ion j s negìected.

- b'lockage from the feed and support structure is ìgnored
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The cal cul at'ion of the antenna d'irecti vi ty fol I ows from

Equatìon (1 ) above. By restrict'ing the source to a lìnearìy

polarized and circularly symmetric field w'ith no cross-poìar

components, the scattered fìeìd equations reduce to [12.l

E6(r,A=0) = -i 2apf
r \Æ*

L
,-ik(r +2f )foo'.,qoìtun1|¡a e. (2)

where f = focal length
Pt = totaì power
€ = rel ati ve permì tti vi ty
0. = the paraboìoid r.im angìe
0.) = antenna feed gain functionGr (

The power intensìty may then be determined

u =rc{¡'*,f'"^,qÐ tar,l}¡a o' r 
2 (3)

where \ = wavelength

and the directìvìty fol lows as

D =(* *fl,','l,foo'.,ry tan1|¡a u.,' 
)

(4)

where d = aperture diameter
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Term 1 of the djrectìv'ity expression above corresponds to the

gain of a uniform constant phase aperture field This value'is

modi fj ed by the aperture effì ci ency ( term 2) to yi eì d the

reflector d'irectjvity. The aperture efficiency (or gain factor)

ìs composed of the following components

rì = îs rì¡ rìx îp Tl¡ (Ð

where

Is

ï¡

rìx

rìp

rl¿

To attai n

can be shown

equation ['t2 ]:

= Spi l l over eff i cì ency

= l'ìlumination efficìency

= Cross-po1 ari zation eff ìciency

= Phase error efficiency

= Feed blockage effìciency

Assumìng the phase error and b'lockage effic'iencies are

insignifjcant, the gain factor then becomes a funct'ion of the

spillover,'illumination and cross-polarization efficiencies. The

cal cu'l ati on of these parameters, shown i n Appendi x C, i s i ncl uded

with IGAD-ROTZ and has been ìncorporated with'in the plot routines

a uniform, constant phase aperture djstribution, it

that the feed pattern must satisfy the folìowing

G¡ (0.) :
r*r'1|¡

0

0s 0.= 0,

0.) 0o
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where n = the feed pattern number

0f course th'is is impossible to achieve. Consequently the

feed pattern must be approximated by compromì s'ing the spì'ìlover

and illuminat'ion eff ic'iencies Fìgure III-2a illustrates

approxìmated and jdeal field patterns. The rel ati ve field

strengths necessary at poìnt A (on Fig. III-2a) to atta'in optimum

j I I umi nat i on for dj fferent feed pattern numbers are compared 'i n

Fìg. III-2b. For typìcaì feed structures (n=2-4) the edge

jllumination should be B-10 dB below the maxjmum intens'ity.

2.?.2) Cross-Pol arj zation

In the precedìng section the gain factor was calcu'lated based

on the assumption that the cross-poìarizat'ion was 0. This

generally ìs not possìb1e to achieve since components of the

orthogonal field are aìways present to some degree. It may be

shown, however, that restrjctions pìaced on the source fie'ìd can

mjnimize the cross-polarization To determjne the cross-polar and

co-pol ar expressions we start with a general ìzed expressìon for

the feed far field

E (0,ö) = âo[f (0) cosg ] + âo Ie (0) sing ]
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Ludwi g-s

applied to the

[11 ] third defin'ition of cross-polarization can be

above expression to yieìd the fol 1owìng

Co -pol : / (0) cos26 + S (0) sin2g

Cross -pol = sin$ cos$ t/ (0) - I (0) l

where âa

âö

f (0)

I (0)

unit vector in the 0 d'irection

unit vector in the 0 direct'ion

E-Plane field

H-Plane field

(8)

It can be seen from the above equations that e'ìimjnat'ion of

the unwanted cross-poìar components w'ill result if the E-pìane and

H-plane f ields are equa'l . Th'is wi'll also equate the co-polar

fi el d to ei ther the H-pl ane or the E-p1 ane el ectri c fi el d A

Fortran subprogram used to calculate the cross-poìar and co-polar

intens'itìes has been wr.itten and incorporated into IGAD-R0T2.

3.2.3) Summary of Feed Parameters

The previous two sectìons have hìghì ìghted the considerat'ions

assoc'iated w'ith paraboloid ref'lector feed design. To achjeve the

optìmum desìgn, a nearly unìform aperture distribution'is requìred

with 'ljttle edge jllumjnat'ion. The spiììover content shou'ìd be

m'inimized to reduce unwanted power loss Random fields 'in the

36



spìììover region contribute to the sìgnaì-noise strength

degradatìon and are represented by an increased antenna noise

temperature. Fina'l ly the cross-polarjzation should be kept to a

minimum. This wìll be poss'ib.le if the feed is circu'ìarly

symmetr ì c .

The parameters associated w'ith paraboloid feed desìgn have

now been ìntroduced. Before proceedìng with the djscussion of the

design example, a review of past feed structures will be briefìy

presented and compared to printed c'ircuit disk antennas.
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3.3) Development of Paraboloid Reflectors

Large paraboloid reflector development evolved from the need

to explore deep space radio emmissions with high gain antennas.

Two jmportant h'ìstorical events during the 1930,-s 'in'it'iated the

research efforts of these antennas. Jansky [13] detected the

first extraterrestrjal radjo emm'issjons in 1931, and Reber [14]

constructed the first ìarge parabo'ì Íc reflector for radio

astronomy use in 1937" This injt'ia.l work had hardly begun when

l,Jorld ÌrJar II started. Further developments remained dormant

duri ng the fì ghtì ng years, but a reki ndl ed i nterest i n astronomy

during the post war era lead to the construction of several large

radio teìescopes throughout the world. The means of excitation

for these earìy antennas vvere simple structures, usual ìy foì ded

dìpo1e elements.

The aperture field poìarization generated by dìpoìe feeds was

shown by Cutler [15] to contain a strong cross-polar fjeld

component. Fìgure III-3 'i'llustrates the spherìcaì f je'ld

d'istri buti on necessary to rad j ate a l .inearly po'l arì zed secondary

fie'ld. The remaining two sketches in Fig. III-3 show the

poìarization characteristics of a dìpole element and it,'s

correspond'ing aperture distribut'ion. In 1954 Jones [16]

d'iscovered it was possible to superimpose magnetic and electric

dìpole field components, to produce a parabolic reflector Huygens

source wjth linear poìarization. Fìgure III-4 highìights the

?o
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aperture fields of the two dipole elements and the resultant

l'inearìy pol ar j zed f i el d.

During the 1950s, the first feed horns arose out of the need

forincreased antenna gain necessary in deep Space communjcations.

The first conical horns operated in the dom.inant mode and

exhi bited poor circul ar synmetry. In 1963 Potter [17] introduced

a step djscontìnuity in the horn throat. This resu'lted in a

transfer of energy from the domjnant TE11 mode to the Ti.i11 mode.

Fìgure III-5 shows the field 'intens'it'ies and aperture

dìstributjons assoc'iated with each modal component and the

comb'ined f ield. Proper desìgn of the step discont'inuìty al lowed

equa'l exc'itation of the E and H planes field intensities and

supressed the sidelobes. Thjs .idea was extended by Potter and

Ludw'ig [18] to 'include the higher order modal components,

Consequently an antenna wj th better prìme focus feed

characteristics at the resonant frequency resulted. However, the

bandw'idth was restri cted due to a d'istorted aperture di stri but'ion

caused by different moda'l phase veloc'ities.

The problems associated with multimode conical horns tl.tere

later solved concurrentìy by Minnett and Thomas [19] of Australia,

and Kay [20] of the U. S.A. They independentìy di scovered that

properìy introducing X/4 - >r12 deep corrugations jnto the inner

diameter of the horn, enabled sjmular boundary condit'ions to be

impressed on the E and H fields 'inside the horn. Thus the phase

vel oc i ti es assoc i ated wi th TEmn and TMmn vvere made to be
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jdentical. A new h,'brid mode HEmn resulted from the comb'ined

TMmn and TEmn modes. The corrugated feed and scalar horn are

sketched in Fjg. III-6. The performance of the corrugated horn

as a paraboloid reflector feed may be summarjzed as follows:

- identjcal E and H plane patterns and low cross-polarizatìon

- low side.ìobe 
.leve'ls

- I arge bandwi dth

- shaped main beam to fit prime focus feed requirements

More recently the jdeas assocìated wjth corrugated horns were

taken one step further by Kìshk [21] and extended to rotatìonaììy

symmetric trapezoidally and sinuso'idally corrugated horns (see

Fig. III-7). The radiat'ion characteristjcs were determined

numenicalìy and found to effective'ly satisfy the parabolojd design

parameters. The advantage of these circular horns over the more

c'lassical types was not attrìbuted to the electrical performance,

but rather to the 'improved cost and ease of manufacturing.

The bas'ic design of feeds has remained relatìve1y unchanged

over the past 15-20 years. These antennas, âl though very

efficient electrical ly (approx'imately an B0% aperture efficiency),

suffer due to expensìve product'ion costs and a large mass (thus

requìrìng rigìd support structures). Printed antennas, however,

are very inexpens'ive to fabricate and extremeìy lightwe'ight, but

cannot match the electrical performance of horn feeds It is

antìc'ipated that the basic microstrìp patch antenna can be

modified such that'its radiation characteristics fit the prime
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focus feed requirements whi le maìntainìng the inexpensive

manufacturing technìques. The radiatìon propert'ies of microstrip

patches will therefore be investigated prior to the initiation of

the desì gn process.
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3.4 ) Mi crostrì p Di sk Radi ator

Fìgure III-B shows the basic microstrip dìsk geometry. A

thjn djelectric substrate is sandwiched between a copper di sk

radìating element and the ground pìane. Several ana'lys'is

technìques are ava'ilable l??-?5] to calculate the radiat'ion

characteristics. One of the simpler methods models the volume

under the d'isk and above the ground pl ane as a resonant cav'ity.

The cavity is bounded at the top and bottom by an electric field

wall (the tangentìal field must satisfy the boundary condit'ions

and thus is 0) and along the edge by a magnetic wall (radìaì

current on d'isk equals 0 along periphery). S'ince the z-d jrected

electrjc field in the dielectric js assumed to be constant, the

field generated outside the cavìty w'i I I be composed of the

transverse magnetìc (TMnm) modes. Bart'ia and Bahl have prov.ided

the so'lut'ion to this model with no sources 126).

E o : i ' y!-e- 
+cos (n 0) [/, *t(koø sino ) -- Jo -t(koø sin0 ) ]

F _ ,nVoko ,-ikorE6 = i^;= , cos0sin(n0)[J, ¡(koø sin0) + Jnt(koc sinO).1

(e)

where V

h

a
n

Ko
Eo

Jn(x)

= hEoJn(Ka) is the edge voìtage
= substrate thickness
= d'isk radius
= mode number
= freespace tntave number
= electric field across the disk gap
= nth order bessel function of x
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The dominant mode (n=1 ) of the above equat'ions yields a

pattern that best fits the rad'iat'ion characteristìcs assocjated

wi th a good ref 
.lector 

f eed. The remaÍn'ing hi gher order modes

generate nul ls at 0 = 0. In Fì9. III-9, the first order mode

approximation is plotted aìong w'ith an jdea'l feed pattern (lìne 2)

and an E-pìane sketch of Kishk,'s [18] sinusiodal ly .o.iuguted horn

(line 3). The horn cross-poìarjzat'ion is below -28 dB ( O < g0

deg ) and fjrst sidelobe leve.ì is less than -34 db (0 = 135 deg. ).

The approx'imat'ion usìng the first order mode compares quite

favourably to the design provìded by Kishk The radiatjon pattern

rolls off a little too quìckly at high values of g, but hopefuììy

this can be corrected by modifying the antenna geometry

Based on the above modal anaìysì s, the mi crostrì p dì sk

antenna wj'ìl be modified and designed with respect to the

parabol oì d feed requì rements. The foì ì owì ng chapter wì I I

investìgate the possìbìììty of beam shapìng the microstrìp dìsk

radiatìon pattern. IGAD-R0TZ wjll be used to perform all geometry

modifications and plot generatìon. As weì l, the

cross-poìarìzatìon, gain factor, and reflector effic'iencies will

be optimìzed. Steps consìdered in the desìgn process, and how

they were impìemented using IGAD-ROT2 will be discussed and then a

fi nal antenna des ì gn wi I ì be gì ven .
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CHAPTER IV

DESIGN OF A SIMPLE PR]ME FOCUS FEED

4 1) Introductjon

The goals of this chapter are to: (1 ) introduce antenna
desìgn technìques us'ing the graphic toors provìded by IGAD_ROT2,

and (2) produce an arternate antenna feed for front fed paraboro.id
reflectors. To accomprìsh both tasks, the steps associated with
the antenna desìgn process are eraborated on and rerated back to
the graphics system whenever possible.

The des'ign'itserf started as a disk antenna with poor feed
characte.istics By using optimìzation technìques to shape the
radiation pattern with respect to the gain factor and the
cr0ss-poìarization, and by performìng geometry modificatjons vja
iGAD-R0T2,'it was possibre to greaily ìmprove the predicted feed
performance. The for ìowìng chapter presents the optìmized di sk
antenna geometry and expìajns the search methods used. As weìr,
several modifications to the optìmìzed antenna geometry are
illustrated utirizing the graphic techniques of IGAD-R0TZ.
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4.2) Ini t'ial Geometry

In the prevìous chapter, the microstrip disk antenna

rad'iation characterist'ics were briefly ìnvest'igated and determined

to be suitable as a start'ing poìnt for the design. Unfortunateìy

R0T2 was not well equìpped to handle all of the propert'ies of

microstrip design The dielectric substrate of the disk patch

could not be modelled usìng R0T2, ìt had to be represented as an

air d'ielectric. In addition the d'ielectric constant of the

substrate material was known to vary wìth prolonged exposure to

the outside env'ironment. This would have introduced unwanted

alterat'ions in the rad'iated fjeld and degraded the system

performance. The substrate layer was therefore dismissed when the

analysjs was carried out. Due to the lack of supportìng substrate

it was necessary to increase the ground pìane and disk patch

thicknesses to 0,1 À. Figure IV-1 jllustrates the antenna geometry

modelìed by IGAD-R0T2u tach antenna surface was constructed from

a cyì 'i nder of approprì ate radi us, z-axi s ì ocatì on, ì ength and

angle subtended from the vertical. A total of s'ix cyìinders were

requìred.

The excitatjon of the microstrìp dìsk was restricted to the

first order mode. Assuming the coaxial probe may be modelled as

an infin'itesjmal dìpole element, the field exc'ited ins'ide the

cavì ty wou'ì d be essentì al ìy an ìmpuì se functi on. The modes

as soc i ated w'i th the four i er expans ì on of the de I ta funct i on
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correspond to the propagation modes 'inside the cy'l'indrical cavìty.

Excitation of these mocles would occur if resonance was permìtted

by the antenna geometry. Introducing two dìpoìes, one on the

x-axis, and the other the same distance away from the origìn on

the negatì ve x-axi s w'i th an oppos ì te and equal current

distrìbution, would induce on'ly the first order mode of the

fourier cosine expansìon. The remaìnìng higher order modal

components, and the 0 order mode cancel.led due to the dual dipoìe

symmetry. The dipoìes were located along the scatterìng dìsk

peri phery. Fì gure IV-1 shows the coaxj al probes mode.ì I ed as

dipole elements.

The transmit and recejve frequencies of thjs feed were known

to be 4 and 12 GHz respectively, thus the antenna had to be e'ither

broadband, or a narrowband device w'ith two resonant frequencies.

The analysìs usìng R0T2 was carried out ìndependant of the

operating frequency because all spacial coordinates were measured

as a function of the resonant wavelength
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4.3) Optimìzations of Antenna Geometry

The bas'ic geometry of the antenna has been determined as

shown in Fig. IV-1. The pred'icted radiation characteristics of

thjs antenna are shown in F'ig. IU-2. This figure reveals that

three changes were injtial'ly requ'ired: (1) the c'ircular symmetry

had to be ìmproved to reduce the cross polarìzation, (2) tne

radjatjon intensìty had to be further collumated around the ax'is

of rotatìon, and (3) the s'idelobe levels had to be reduced,,

Controlled mod'ification of the antenna geometry was the means to

ìmprove these patterns. Initally, mod'ifiyìng the scattering disk

length and hei ght above the ground pl ane 1aas 'investi gated

(ìììustrated by A and B ìn Fig. IV-3). The ground plane was next

distorted to 'improve the antenna performance. The bent ground

plane flange (a1so shown in Fig. IV-3) introduced three new

mod.ification variables : C - the flange length, D - fìange angle,

and E - ground p'lane ìength 0ther modifications (such as chokes)

were implemented on the optimized geometry to help improve the

antenna rad'iati on characteri sti cs.

Qptimì zati on of the above d i sk and fl anged antennas was

carrjed out w'ith respect to the 5 search varjables described

above. The optimization program structure is shown in Fig. IV-4

The search functjon subroutine consi sts of four parts: wrìtìng

the R0T2 input fìle, predìctìng the rad'iatjon characteristjcs via

R0T2, ca'lculatìng the cross-polar and the gain factor data, and
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determinìng the optimizat'ion function va'lue by properìy weighting

the above data. Unfortunateìy optìm'ization techniques have not,

as yet, been ìntegrated with IGAD-R0T2 and must be performed

separateìy. Prior to the execution of R0T2, the optimization

variables are passed to the function subroutine. The antenna

geometry is ca'ìculated us'ing thìs data. Fol'lowìng this, the

antenna geometry'is passed to the analysìs routine ìnput fìle.
The radiatìon, cross-polar and gaìn factor calculations are

carried out'in the manner prevìousìy d'iscussed in chapter 2.

After the routine has completed a search, the optimized radiat'ion

data js passed back to the CAD and plotted'in the normal fashion.

The processor time necessary to perform 1 optimizat'ion

function evaluat'ion js between 3 and 10 mjnutes, depending on the

compìexity of the antenna geometry. Th'is severely restricts the

max'imum number of f unct'ion eva'luations possi bìe per optimìzat'ion

and hence lim.its the number of search variables to 2 or 3. The

search variables previousìy discussed can not all be'incorporated

together within the same optimization, but rather must be treated

in sma'l ler groups to make efficient use of the computing

resources. Past experience with different search technìques 'ìed

to the selection of the Sìmp1ex Minimization method. Sequential

methods such as Sequentì al Unconstrai ned Mi n im'i zati on Technì que

(SUMT) require too many funct'ion evaluations when handììng

ìnequalìty and equalìty constraints. Other multivariant search

techniques optim'ize effic'ient'ly when the number of search
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variables is ìarge ( >4 ), but more than three va¡iables is not

required here. Therefore the sìmpìex algorìthm was selected to

perf orm aì I optimi zat'ions.

4.3.1) Dìsk Scatterer Optìmization

The fìrst geometry item to be modified r^ias the scattering

disk. The height above the ground pìane and length of the disk

were var.ied to yìeld the optimum feed pattern. Constraints on the

optìmìzat'ion variables were p'laced to ensure the disk and ground

p1 ane d'i d not confl i ct. As wel I , the cross-poì ari zati on was

restri cte d to a max'imum of -20d8. The resul ts of the

optimìzation are given'in Figure IV-5"

The initial disk antenna des'ign results were encouragìng but

had several problem areas that had to be addressed. The backlobe,

sidelobe and cross polarizat'ion max'imums lvere too hìgh and needed

to be reduced. The t-plane and H-plane radiation intensjties for

0 < g0were simiìiar, but the cross poìarjzatjon was poor. This

stemmed from the phase inequaì ìty between the two prìncipa'l

planes" To ieduce the cross polarization it was necessary to

brìng the E and H-plane phase centers to the same location 'in

space and make the magnitudes of both equal. The efficiency

characteristics of the flat disk antenna were maximized to rJ =

75.85%, Spjllover eff icìency = 87.5%, 'illumjnation eff iciency =
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87.5% at a paraboloid aperture angle = 64 degrees or f/d = 40

(where f = focal length and d = dish dìameter). The gaìn factor

value was about 5% loo 1ow for paraboìoid feeds. To achieve the

addìt'ional 5% efficiency, it was necessary to reduce the back and

sidelobe levels and increase the ìntensity rolloff in the 50 < 0 <

90 degree range. Bend'ing all or part of the ground plane was used

to 'increase the axi a'l radì at'ion and hel p reduce the s i de and

back I obes .

A scatterì ng dj sk radì us of .1 348 wavel engths resul ted from

the above optìmization. This yielded a 3.48 mm rad'ius when

translated to actual size at 12 GHz and was somewhat small for

practical appl ìcations. Therefore the above optìmìzatjon was

resubmitted and the djsk was restricted to a radius greater than

0.25 wavelengths and a heìght greater than 0.1 wave'lengths above

the ground pìane. The results of this search are plotted in Fig.

IV-6. Thi s search ended at the dì sk constra'i nts. The

croSS-pol ari zatì on, effi ci ency parameters, and si del obes were al l

degraded to a sìgnìfjcant degree, but this model was selected as

the base for the next optìmizaton stage due to'its increased disk

s'ize.
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4.3.2) Flange 0ptìmization

The second optimizatjon was performed w'ith respect to the

fìange length, flange angle, and ground plane ìength of the

antenna (refer to Fìg. IV.3). Agaìn constraìnts were pìaced on

the geometry to keep the flange length less than 1 wave.length and

the flange angle within a 0-90 degree range. A ceì1ing constraint

at -20d8 was used for the maximum cross-polarizatjon level. The

results of the search are shown ìn Fì9. IV-7.

The flanged ground plane co'ìlumated the radiation ìntensìty

about the ax.is of symmetry, but failed to ìmprove the gain factor

to any significant degree over the init'ial optimìzat'ion value.

The reason for this became evident upon investigatìon of the

radjatjon ìntensity. The contribution to the gain factor from the

sìgnifìcantly reduced side'ìobe levels (-26 dB) was offset by the

rap'idly descendìng rad'iation pattern in the 20 < 0 < 90 degree

range. The radi ation pattern had di gressed from the un'iform

aperture f ield distribut'ion given in equat'i on ?-4 in th'is region,

and hence lowered the gaìn factor. Th'is was also evìdent by

notì ng that the eff ic'iency max'imum occured at an aperture angl e of

56 degrees rather than the previous 64 degrees. An attempt to

solve this problem was init'iated by modìfyìng the antenna geometry

to 'increase the rad'iatìon jntensìty for 20 < 0 <40 degrees and

reduce the back.lobe leve'ìs. These modifications are d'iscussed in

the f ol low'ing secti ons.
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The cross-poìarizat.ion was reduced signìficantìy to a maximum

of -40d8 for the flanged d'isk antenna. This value was much better

than expected. The antenna shown in fig. IV-7 is the bas.ic

optimized geometry and all rema'ining changes are effected onìy on

this antenna"
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4.4) Modìficatìons to Flanged Disk Antenna

Several mod'ificat'ions were ìmplemented on the flanged disk

antenna'in an attempt to increase the axial gain factor to a value

of B0% or higher while maintaìning the low cross-polarization and

sidelobe levels. The two geometry changes detai led below ìnclude:

(1 ) perturbation of the scattering disk contour to increase the

radiat'ion ìntensity near the origin and improve the gaìn factor

and, (2) the addition of a \/4 choke on the flange rim to reduce

the side and backlobe levels

4.4.1 ) Dì sk Modi fi catj ons

The first modificat'ion performed on the antenna geometry was

the d'istorti on of the d'isk contour i nto a shape that woul d

hopefully 'improve the feed characteristics. The flat top surface

of the dìsk back scatterer was converted into the conic surface

shown in Fìg. IV-Ba. The height (D) of the trìangular peak was

varied to five different values and the radiat.ion characteristics

were pred'icted f or each .

IGAD-R0T2 was used to accomp'lish alì geometry modifications.

For the first conic scatterer type, five antenna submodels

consisting of a flanged ground pìane, the dipoles, and the des'ired

far field calculations were created sjmultaneousìy usìng the

submodel featureo Conic scatterìng elements of different heights

60



tnrere then created independently for each antenna submodel. After

a'ìl five submodels were compìete, the translat'ion program was

'i nvoked and the radi ati on characteri sti cs were cal cul ated and

plotted. The des'ign procedure described above illustrates how the

submodel commands incorporated within IGAD-R0T2 may be used to

signìficantly reduce the antenna mode'l creat'ion t'ime.

The effi ci ency parameters, -3dB beamw'i dth, cross-poì ari zati on

and s'idelobe levels for each conic backscatterer are presented jn

Tab'le I and the radiatjon patterns are given'in Figs. IV-Ba to

IV-Bc. It taras anticipated that the current on the back s'ide of

the con'ic scattering element would increase the field 'intensity

near the origin, but thjs was not the case. Instead, the H-plane

pattern remained unchanged (for0 < 90) and the heìght alteration

served to change only the E-plane pattern. The cross-poìarization

was therefore easì1y modified by using the con'ic piece, but the

antenna efficiency remained within 1% of the base antenna value.

As weì ì , sidelobe level s were not affected to a si gnificant

de gree

The backscatterer was next modìfied to have the conic poi nt

djrected toward the ground pìane as shown in Fig IV-9a. It was

hoped this would distort the radiat'ion characteristics assoc'iated

with the cyì indricaì cavity and alter the far fjelds in a

controlled manner. Pattern optimìzation w'ith respect to the cone

s'ize would then be possìb1e. The five submodels created wjth the

first conic backscatterer were again used and modjfied to fit the
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new cone requ'i rements. IGAD-ROTZ provi des two methods of

modìfying cylinder contours. The first method allows the desìgner

to modì fy any number of the cyl ì nder geometrì c and devj atj on

parameters . The cyì 'inder ì n quest'ion and the connectì ng cyì i nders

are reconstructed and the storage text-data items automatically

updated in the second method, cyl ìnders to be modified are

deleted, thus breakìng the contour connectivity. New contours are

inserted into the resu'lting hole w'ith the connectìvìty agaìn

establ i shed. The I atter method was used to reconstruct each

submodel backscatter such that the con'ic sect'ion was di rected

toward the ground plane. t,jith this s'imple procedure ìt took only

mjnutes to prepare the 5 submodels for resubmition to the analysìs

rout i ne .

Agaìn the efficiency parameters, -3dB beamwìdth,

cross-poìarization and sidelobe leve'ls are presented in tabular

form (refer to Table II). These modificatìons, illustrated 'in

Fìgs IV-9a to IV-9c, had the most pronounced effect on the

H-plane field. The rad'iatjon intensìty was degraded with the

increased cone heìght. The sjdelobe leve'ìs were more pronounced,

and the cross-poìarizatjon and efficìency were 'increased. These

parameters became worse as the scatterer devi ated from i t 's

or ì gì nal di sk shape.
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The cyl inder modify command vvas used agaìn on the 5

submodel s to reconstruct the di sk backscatterers wì th a post

extruding away from the ground plane (see Fìg. IV-10a).

Attachìng the post to a central arm extendìng from the vertex to

the focal of a parabol oì d di sh provi des a useful means of

support.i ng the feed . Tabl e I I I presents the performance

characterist'ics of the antenna with respect to the djfferent post

sizes and the radiat'ion patterns are gìven in Fìgs. IV-10a to

IV-10c. The added post was effective jn control 1 ing the

cross-polarization but as w'ith the first set of mode.ì

modifìcatìons, it didn,'t have an apprec'iable effect on the H-plane

pattern, and thus had little effect on the gain factor

An addit'ional disk was added to the bas'ic optimized geometry

0.1 }t above the dìsk scatterer. IGAD-ROTZ was used to modìfy the

previousìy described conic scatterìng elements ìnto disks of

var j ed rad'ius. The extra d'isk al tered the cross-pol arì zat j on much

l'ike the extruded post geometry, but d'id not sìgnifìcantly change

the rema'inì ng f eed parameters.
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4.4.2) Choke Modifjcatjons

Four djfferent choke modifjcations were applìed to the

flanged d'isk antenna in order to further reduce the back and

sidelobe levels. By ìntroducing an jnfin'ite ìmpedance to the

flange surface currents, the choke would have reduced the current

on the back side of the ground p'lane and correspondingìy cut the

backplane radiation ìntensity. The choke sl'it width, sììt depth,

choke wall th'ickness, and external choke slit thjckness are shown

in Figure IV-1 1 and were varied to 5 different lengths. The

rad'iati on pattern pl ots f or each submodel have not been 'incl uded

but Tabl es IV to VI I di spl ay the performance characterj stj cs

assoc'iated with each modification type.

The added chokes were 'less successful than the disk changes"

It was antici pated that the choke structure would lower the

sjdelobe.ìevels up to'10 dB, but this was not the case. The

sjdelobe levels were either unaffected or degraded from the base

flanged disk antenna. The chokes did alter the E-plane pattern in

many cases, but not the H-plane pattern. Consequently the maximum

cross-poìarization was variable but the antenna efficìency

remained v jrtual'ly unchanged.
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4.5) Flanged Disk Antenna wjth Maximjzed Ga'in Factor

The fol 1owìng section gives one addjt.ional geometry

optim'izat'ion that was performed to try and i ncrease the antenna

efficìency to B0%. The flange was again optìmjzed wìth respect to

it's length, ang1e, and ground p'ìane length, but thjs tjme the

level of cross-po'larization was not restricted. The resultant

radjatjon patterns and efficiency parameters are gìven ìn Fìg.

IV -12. Although the maxjmum efficiency was signifìcantìy
jncreased to 78.67% at an aperture angle of 52.0 degrees, the

c'i rcu ì ar symmetry and s.idel obe I evel s are unacceptabì e.

A 0.05 x 0.3 À post extrudìng from the dìsk geometry away

from the ground pìane was utilized prevìously and'improved the

cross-pol ar fiel d component of the base f1 anged di sk antenna.

usìng IGAD-ROT2 once again to modify the disk geometry to include

the addi ti onal rod, the rad'iat'ion patterns were agaì n cal cul ated

as shown ìn Fìgure IV-13. The post helped reduce the cross-poì ar

field and the sidelobe ìntensities at the expense of a c.42%

efficìency. The maximum gain factor now corresponds to an

aperture angìe of 48 degrees. This is too 1sp for commercial

applìcat'ions s'ince most rece'ive onìy dishes requìre the feed

aperture angle to fa'll in the 58-62 degree range.
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4.6) Modìfying the Feed Structure

To excite only the f irst order mode 'insìde the cyì'indrical

cavì ty of the fl anged dì sk antenna, two symmetrj c di po1 es were

p'l aced i ns'ide the cavì ty wi th oppos ì te current di stri buti ons .

There are a coupìe of drawbacks assocjated with th'is feeding

method The cost of the two probes and broadband phase sh'ifters

'is excessi ve, and the ìmp'lementat'ion of such a structure 'is

difficult. For these reasons an alternate feed structure using

on'ly 1 coaxial probe was examined.

F'igures iV-14a and IV-14b 'il lustrate the geometry and

radiation characteristics of the single probe excited, flanged

di sk antenna. The radi us of the di sk scatteri ng el ement was

calculated usìng microstrip disk formulations to permìt only the

dominant mode to propagate. The predicted rad'iation

characteri stics (shown 'in Fìgure IV-14b) indìcate the domìnant

mode'is generated, but the equality and circular symmetry of the t

and H-pìanes is degraded by the exc'itat'ion of alternate modes.

The H-pìane pattern jn the figure seems to be void of these excess

modal components. By aìtering the E-pìane pattern to ìmprove the

cross-polarization, ìt was poss'ible to obta'in patterns that were

sim'i I i ar to the dual dì poì e resul ts.
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The .05 x .3 wavelength post was agaìn added to the disk

scatterer to ìmprove the cross-poìarization. Figures IV-15a and

IV-15b show the geometry and rad'iation characteristics of this

antenna. The symmetry of the two princìpaì patterns was greatly

ìmproved and the cross-po1 ari zati on reduced by the post .

Approxìmateìy 1% of the antenna eff ic'iency was lost by the

reductjon of the E-p1ane field in the 0 4 6 < 60 degree range.

The resu'lts of this modìficatjon show that the performance of the

singìe dipo'le feed may approach those of the dual dipole feed, but

further study jn this area must be undertaken to determine the

true optìmum antenna feeding structure.
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4.7) Summary of Geometry Modifications

It may be generalìy concluded that the geometry changes gìven

above were unsuccessful 'in signìfjcantly improvìng the antenna

rad'iation characteristics. Little effect was noted on the gaìn

factor or sidelobe levels and the -3dB beamw'idth was relativeìy

constant. The main reason for this stemmed from the inabiì'ity of

the geometry changes to alter the H-plane pattern. The H-pìane

pattern remajned rìgìd]y constant jn the0 < 90 degree region for

almost all cases Since circu'lar symmetry 'is desired, the

radjation and efficìency characteristics were constra'ined by the

H-pì ane val ues and coul d not be al tered. However, the E-p1 ane

pattern was dependent on many of the modificatjons and as a result

the cross-polarization was easjly varied.

The geometry changes may have been unsuccessful in ìmprovìng

the f eed perf ormance, but they were usef u I 'i n 'i 'ì I ustrat i ng the

advantages associ ated w'ith graphìc antenna des'ign techniques.

Mode'l modjfìcations were performed in a very effic'ient manner and

the results were quìckly and easi'ìy ìnterpreted. The results of

the above changes rruled out many search varjables that may have

led to'ineffective optìmjzations.
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CHAPTTR V

CONCLUDING REMARKS AND FUTURE DEVELOPMENTS

5,1 ) rGAD-R0T2

Presented 'in thi s paper i s the Interacti ve Graph'ic Antenna

Desìgn package and it,'s application to parabolojd reflector feed

desìgn. The IGAD-R0T2 system was developed as a graphìc pre and

post processor for R0T2 to accompljsh the foìlowing:

- Re'ìieve the menial chores associated wìth computer assisted

antenna modelìing and editing.

- Visua'ìly present the antenna and jt's radiat.ion

characteri sti cs.

- Be used as a learning aìd.

- Heighten the understanding of antenna fundamentals.

- Prov'ide a database for future development of an antenna

structural analysis system.

- Produce hì gh qual ì ty productjon drawi ngs.

The attrjbutes of the system were exam'ined usìng a prìme

focus feed as an exampìe. Aside from the advantages of CAD listed

above, the graphìc system also made possìbìe a couple of

10'1



enhancements not found in R0T2. The submode'ì option enables the

designer to work concurrentìy with several models. As a resuìt, a

reduction of storage requìrements, and model creat'ion, editing,

and file handling t'ime js realjzed. The required user knowlege of

IGAD-R0T2'is reduced by the connectivity data assocjated with each

geometri cal shape. Thi s data ensures each contour i s properly

created. Any vjo'lat'ions are brought to the desìgners attention.

A user oriented on-screen menu of graphìc symbols and names

is used to enter a'ìI commands and numeric data. Two menus are

provìded, one for the construction mode, and the other for the

pìot mode. Although the basic pre and post processìng functions

of R0T2 are handled by IGAD-R0T2, several areas of software

development must be addressed to compìete the package A list of

the future developments are gìven below

1 ) Add modification subrout'ines to enable edìting of al I

comm an d s

2) Add radial and three dimensional pìots.

3) Add predefined muìtiple contour

p1 anes, cones, and feed horns

commands af f ect the ent'ire scatter

comman d s

and have

such as ground

the modification

4) Integrate interactìve optìmizatjon techniques

5) Merge lGAD database wjth structural analysis software
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5.?) D'isk Antenna

The IGAD-ROTZ package was used to desìgn a unìque paraboloìd

feed antenna. The fl anged di sk antenna resu I ted from

modifications to the c'ircu'lar metal ground p,ìane of a simple disk

antenna. Because of it's sìmple geometry, this antenna lends

ìtself to mass productjon techniques such as stamp'ing. The disk

antenna was conceived usìng the eìectromagnetic fundamentals of

the prìnted mìcrostrip disk antennas. Two different antenna

geometrìes resulted. Unfortunately neìther design satisfied the

prime focus feed requì rements that have been establ i shed by

corrugated horns. A comparison of the two antenna radiation and

effi cì ency characteri sti cs i s presented bel ow wi th some expected

results.

TABLE IV-'1 Comparison of Fl anged Antennas

Max. Gai n Factor

Aperture Ang'le

Cross-Pol,

Sidelobe Level

Antenna 1

74.75%

56.0 deg

-33.0 dB

-27 .1 db

Antenna 2

78.25%

48.0 deg

-28.2 dB

-20.0 dB

Expected Resu.l ts

B0 .0%

60.0 deg

-30.0 db

-30.0 dB

Note - Antenna 1 = Flanged d'isk antenna optimized w'ith
respect to the gain factor and
cross-polarization

- Antenna 2 = F langed disk antenna optjmized with
respect to the gaìn factor only
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From the above tab'le, it can be seen that both antennas fell
short of the B0% effjciency mark and exhibited high sidelobe

levels The max'imum cross-po'larizat'ion level of Antenna 1 was

better than antjcipated. The inabi'lity to meet the above design

parameters stemmed from the rìgid nature of the H-pìane fjeld.
Few of the modificatjons performed were able to alter the H-pìane

rad'iatjon jntensity sìgnìficantly and the ones that dìd, degraded

the antenna performance. This made it djffjcult to increase the

efficìency above 78%. The aperture angles (ttrat correspond to a

maximum gaìn factor) of the above exampìes were about 10 degrees

too low for the majority of commercial dishes.

Future work on the these desi gns shoul d jnvol ve geometry

mod'ifjcatjons to fit the H-p1ane radiation pattern to the prime

focus feed requ'irments. In additìon, the bandwidth and input

ìmpedance of the structure must be determ'ined rhe bandwjdth will
be I ìm'ited by the gap s i ze between the ground p.l ane and the

circular disk. A wide bandw'idth (via a large gap) or the use of

dual operating frequencies shou'ld be invest'igated. The input

impedance 'is bel ieved to vary wìth respect to dìpo1e 'ìocat'ions.

This holds true for mjcrostrìp d'isk patches. consequenily, ìt
should not be a difficult task to match the antenna. Findjng an

alternate means of excìtìng the antenna w'ith a sìngle dipoìe feed

was briefly investìgated to'increase the ease of manufacturìng and

reduce the cost It was found that the s ì ngl e dì pol e feed

performance was comparable to its's dua'ì dìpoìe counterpart, but
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further work'in thjs area vvas required to sustantiate and opt.imize

the fi ndì ngs .

In summary, the IGAD-ROTZ package has shown i t can

effectiveìy lessen the time and knowìedge needed to produce

qualìty antenna desìgns. This system was used to produce a unique

parabo'loid antenna feed. unfortunately the desìgn modificatìons

performed fajled to produce fjeld patterns that matched those of

establìshed prìme focus feeds.
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APPENDIX B - LIST OF IGAD-ROTZ SUBROUTINES

Program Name Program Descri ptìon

CONSTRUCTION MODT SUBROÚÌINES

CORRUG.DA - Corrugated horn command

CRtDIP.DA - Constructs a dipoìe on the graph'ics screen
and stores the data as a text-data item

CREFFI.DA - Stores far field calculation parameters as
a text data 'item.

CREGE0M DA - Controls the creat'ion of geometry contours.

CYLADD DA - Retrieves informatìon required to create a
cyl ì nder.

CYLMOD, DA - Cyl inder modification routjne

cYLPRP. DA - creates a cyì'inder perpend'icul ar to an exì stì ng
one.

DEV. DA - Retrieves contour devi ation parameters

DIP.DA - Dipoìe creation command

DSKADD. DA - Retrieves information requ'ired to create a di sk

DSKM0D DA - Dìsk modification routine.

ELIADD DA - Retrieves jnformatìon requ'ired to create a
el ì psoì d.

FFI.DA - Determines the far field calculation parameters
(wì th and wì thout near fi el d approximati ons )

GE0DAT.DA - Returns data associated with a contour selected
by the user.

GEOM. DA - control I ìng program for contour addition, deìetion
and mod'ificat'ion.

HYPADD. DA Retrieves informat'ion requ'ired to create a
hyperboìoìd.

L.i sts on a'l pha-numer i c screen the parameters
assoc'iated with one far field calculation.

LISTFL DA
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MON. DA

PARADD. DA

PERMDIP.DA

PERMCYL. DA

PERMDSK. DA

PERMEL I . DA

PERMHYP . DA

PERMMON. DA

PIRMPAR. DA

PERMSPH. DA

PLt^l. DA

REXEC. DA

SPHADD. DA

PLOT MODE

AXIS.DA

DRAhI. DA

GTNOTI. DA

GRAPH. DA

PLOT2. DA

RLINE. DA

SCALEl . DA

SCALE2. DA

- Monopole creation command.

- Retrieves'information required to create a
parabol oì d.

- Disp'lays a dípoìe on the graph'ics screen.

- Displays cylinder on the graphics screen.

- Di sp1 ays di sk on the graphi cs screen.

- D'ispì ays eì ì pso j d on the graphi cs screen.

- Dispìays hyperboloid on the graphics screen.

- D'isplays a monopoìe on the graph'ics screen

- Displays paraboìoid on the graph'ics screen.

- Displays sphere sectjon on the graphics screen.

- Plane-wave creation command.

- Translation program. Converts data stored as
command text-data items into R0T2 input program

- Retrieves'informat'ion required to create a

sphere.

SUBROUT] NTS

- Creates plot axes, ìncludes hash marks and labels.

- Sets up the drawjng mode to enable paper plots of
the radiation characteristjcs and antenna geometry

- l^Jrite text notes (cal led general notes ) on the
graph'ics screen.

- Sets up graph parameters and pìots the scaled
radiation data on the graphics screen.

- Retrieves all plot information from user
(including plot type) and scales data.

- Draws the pìot line on the graphics screen.

- Scales on set of plot data.

- Scales two sets of plot data s imultaneousìy.
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SL0SL'ITCH.DA - Toggles between the plot and construction screen
1 ayouts "

DRAWING MODE SUBROUTINES

DRAWM0D. DA - Hand I es drawi ng creat i on funct'i ons .

HPPL0T DA - Submits a drawing to the HP p'lotter.

PLTDRAW. DA - Mainta'ins drawing and w'indow editing f unct jons 
"

GENERAL FUNCTION SUBROUTINES

EXIT,DA - Exits IGAD-R0T2 back to DDM

IGADROTZ. DA - In'i ti al ì zes the IGAD-ROTZ package

GETGLIST.DA - Retrieves the working submodel numbers and the
construct'ion submodel (the modeì dìspìayed on the
screen.

LOAD.DA - Loads a new or existìng antenna model.

NEtnl. DA - Adds new submode'ls (up to 10 in totaì ) to
existing antenna model (s).

SAVE.DA - Saves the current antenna model.

MODEL DTSPLAY SUBROUTINES

GNUM0D.DA - Alters the current geometry, inc'ident field and
calcul ation'identif ication numbers.

COLR. DA

GRID DA

RPT

VERF DA

ZOM. DA

- A'ìters the color of subsequent'ly created geometry

- Adds, deìetes, or alters the screen grìd

- The DAL functìon Repaìnt (refreshes the graphìcs
screen )

- Dìspìays command parameters associated with an
item of geometry.

- Magnifies the dìsplay to the model extents,
performs zoom in and zoom out functions"
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DIMENSION ING/TTXT SUBROUTINES

ACC. DA - Alters the number of dec'imal pl aces di spl ayed
in dimensionìng text.

BDH - DAL funct'ion Base Line Dimension Horìzontal

BDP - DAL f unction Base Line D'imension Paral lel

BDV - DAL function Base Lìne Dimension Vertical

DMH - DAL funct'ion Dimension Horizontal

DMP - DAL f unction Dimension Paral'lel

DMV - DAL functìon Dimension Vert'ical

DAL - DAL f unct'ion Dimens'ion Angul ar

PIC - ?AL 
function Picture (turns on 2-d picture mode

in the selected viewPort)

TED - DAL function Text Edit (aì1ows edit'ing of screen
gener a'ì notes )

DAL/FORTRAN SUBROUTiNES

UCMPLST. FOR - Compare two l'ists.

UCP0L.F0R - Calculate cross and co-polar fjeld data.

UDDFIT.FOR - Scale data to fit wjthìn pìot axes.

UDHPTLST. FOR - Create po'int I'ist f or a rectangul ar p1ot.

UDLOGX.FOR - Convert ìnput array to'ìogarithms.

UDNORM.F0R - Normalize input array to specified value'

UDRPTLST.FOR - Create a point list for a radial plot (note
this has not been ìntegrated with graphic
software yet ) .

UDSCALt.FOR - Inspects input array and returns maximum and

mi n imum val ues .

UDTMAX,FOR - Truncate ìnput array to given maximum.

UDTMIN FOR - Truncate input array to given mjn'imum.

UGAIN. F0R - Ca'l cul ate gai n parameters for i deal parabol oì d
refl ector feed.

UGETD.FOR - Retrìeve plot data from R0T2 data file (VMS)

and pass to DAL antenna model.
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NOTE - Some of the routines listed above were developed

with or by Gordon Neilson - an Elect'ical Engineer at the

Manitoba.

in conjunction

Uni versi ty of
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CALCULATION OF THE PARABOLOID APTRTURE EFFiCIENCIES

The formul at'i ons used to cal cul ate the spi 1 1 over and

'il l umi nati on ef f i ci enc ies are gì ven bel ow:

APPENDIX C
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