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ABSTRACT

-

WOEK proposes 2 patch aitenng array as an aliemative feed M dish antennaz on
o8 1o sobve the weight peoblem constit zu'i by conventional feed homs. An 8x
ciriubar pateh anienng arvay configuration with a broadside md;d{z:m pattern is
iffi d;e}z mzwn.. sth B rio of 0,36 *‘ng,«pn‘kimﬂ o aperture iumination
: D AP > the Fowere emploved. "i"  first approach was o mainisin
constant 'mziwzz* i n;«“%@ﬂ*;mz* {:;siaz.z,-.s;c; while varving the excitation amptitudes of the ndividual
HEEY aiha;::; s using Genetie Algorithm {OAY 1o achieve

e

pimum stdeiobe | '»':é@ The second
o mamntain constant, unitomm -:-:xc_z'i.zfz,.i‘z-;_:«r_ amplibudes for the individas! array
2;2 ¢ varying the uniform inter-clement distances fo achiove a strong radigtion on the
e of the dish, From the graphs and simelstions, it s observed tha the ioal
from the arrav feed d ervases with increasing uniform inter-clement distances for
fement amplitude excitation. Optinun 1 Ln}:_zn:,m«')z.'z efficiency and gain for the
at an mter-clement spac g of ahout 9.63 om (451 At this spacing. the
- zz%*mi considering all the nihe stficiency components is 49.6%, This is
bto that schieved with conventional feeds tor the same FO ratio

'E"*w total weight of the fred is 913z and wial array fength is
iﬂ;ﬁw,%: the conditions of

it ami divnensions reguired
18 whore mass and size Himitatinns are exores mely st
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CHAPTER ONE
1.8 INTRODUCTION

1.1 Aptenns

An antenna can be simply reforred 10 85 g transtiion device or g wansducer that converts guided
waves into frec space waves or vice versa. An antenng converts bound circult flelds into
propagating  clectromagnetic waves  and, by reciprocity. collects power from  passing
clectrommgnetic waves {(Milligan, 2003}, An antenng converts slternating current osciifations o

elzctromagnetic waves of the same frequency (Carr, 2001

o adddition to recerving or radiating energy. an antenng in an advanced wireless systeny is osually

guired to sccentuate the radigtion energy 1o some directions and suppress it in others. Thus, the
antenna must also serve as a directional device i addition 1o a probing device (Balanis, 2003 &
must then take vartows forms 1o meet the parficular need at hand, and § may be o pisce of

conducting wive, an aporture, a paich, an array, g reflector, a lens, and so forth,

1.1.1 Radistion from Antennas
Time varving cwrent in a conducting wive produces vadizsion because of accelerstion oy

deceleration of charge. If there is no motion of charges in g wire, no radiation takes place since

no fow of corrent occwrs. Radiation will not cocur even 1f charpes are moving with undform
velopity along a straight wire. However, charges meving with ontfonm veloctty along a corved or

e

5

bt wirg will produce radiztion. If the charge is oscillating with time, then radiation ocours ever

along o straight wire (Kraus, 1984



¢ L1 ihusirates the concept of radietion frons antennas. The source oreates an slectrie Held

that is sthusoidal in natare. This, in turn, leads to the cregtion of electric lines of force which are

angential o the eleciric feld. The free electrons on the conduciors are foreibly displaced by the

5 causes the How of current which, in

1 $3531

of foree and the movemen: of these charges

s, feads w the areation of a magoetic feld,
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Radiated Free spaos wave Antenna

twaen guided wave and froe space wave

Fig 110 Antenna as g region of fransition be {

.3

are crested and

o
>

D to the time varying eleciric and magnetic fields,
shose fravel between the conduciors, As these waves approach open space, free space waves are

formed by comecting the open ends of the clectric lines. Since the sinuscidel source

coptimuously cregtes the electrie disturbapce, electramagnetic waves are created continuously

and, these travel through the transmission line, through the antenna and arve radiated into free

spgce. Inside the transmission Hoe and the antenns, the elecromugnetic waves are sustained dug

son as they enter free space, they form closed bops and are radisted,

oy the char




L2 Classification of Antennag

Amtennas can be classified into five broad classes. These are alectr wwally small antennas, resonant

antennas, broadband antennas, aperiure amennas and reflector antennas,

a4, Electrically small antennag

There are various rules for considers Wy an antenna oy be electrical by small. The most conumon
eriterion is that the largest dimension of the antenna (length, circomiferencey shonld be leas than
oneienth of o wavelength, That js, € « 410, where O s the sircamference and J denotes the
opevaiing wavelength, Thus a & spole with a length less than 4/ HY, 4 boop with a dameter less than
4741 or a patch with a diagonal dimession less than /1 O wondd be considered electrically small
(Kraus, 19883 These antennas have very low directivities and jupo: inpedance. They have high

input reaciance and low radintion efficiency.

Electrivally small antennas are used gt VHF frequencies and below They are pener ally simple in
their properiies are not sensifive (o constructinn defails,  An fmportant pobst

regarding elecirically small anternas is that their p performance is closely related 1o their electrical

v

size, The prowfuct of the bandwidth and the gain is o function of the size of the antonna. so tat

o]

the gain can only be increased o the expense of the bandwidth and vice versa, furthermore, an

&

fectrically small antenna is highly dependent on the enviromment in whick the antenna operates,

ich must be taben into account,

<~'
?z

The environment comprises both the device nn which the ardenng 15 mountod and she

aurronndings, mwainly himans {Balanis, 2003y Electricall byowmall amenngs are not efficient

()




because of ohmic losses on the structure, They are commonly wsed in home and whivhe
entertatnment systenss. An example s the vertical monopole used for reception in cars, Other

sxampdes are loop amennas and shon monopoles (whipd for medivm-wave {AM broadosss

eogption,

b, Hesonant Antennas

A resonant antenna is one that operates by menns of a standing wave. Resonant anferas are
ofien warrowhand, because the optivmun working frequeney of the antenna depends on s
dimensions. They operare well at a i ngle or selected narrow fraquency band so they naurally
end w prefer one frequency to the others (Carr, 2001y, They are used from HE © S Band

The

)....

¥ have low gains and real inpuwt impedances. Types of resonant antenna nclude

the monopole antenss, patch antenngs and the : dipole antenna

€. Breadband Aniennas

these antennas have acceptmble patters, gain and impedance that remain nearly constant over a

wide frequoncy range. They are characterized by an gotive region with g circumferense of one

wavelength or an extent of g half wavele npth which relocates with antenns frequency changes,
¢ broadband antennas, the handwidih is us uatly expressed us the ratio of the upper-to-lower

frequencizs of acceptable operation. For c cxample, a1 HE1 bandwidth indicates that the upper

frequency is 10 times greater than the lower (Balanis, Z003). Properties include low to moderaie

bt constant gain, real nput impedance and wide bandwidih, ey are mainly used from VHE o

C-Band frequencies. Examples are helical antenna, spirab antznna and log periodic antenns.

o




i, Aperture Antennas

These can be defined as antennas that have an opening, called aperture through which

propagating electromagnetic waves flow. The aneriare is usially several wavelengths Iome in one

or more dimensions. The radiation patiern u sually has o narrow main beam. leadi g 1o high gain,

w.;.A..,

The pattern narrows with incre asing frequency thus increasing gain for g fived physical aperiure

AV LW

size. They are malnly used at UHY and above. Aperture antennas

are very pragtival for space

applications, because they ran be Hush-mounted on the surface of the spacecraft or aireraft

{Balanis, 2005

LN

P
,x

Y

\;}.’,Q i

Fyrarmdal Hom

E st
.2

Fig 1.2 Examples of Aperture Antennas
the aperture can be coversd with o dielectric material o profect them from envirormental

conditions, Hom antonnas and parabolic reflector antennas are e

{Other examples are
sitfs, slots, waveguides and lenses. Aperiore ntennas can alse be de signed for satellne
applicauons where the beam-width can be used to determine the * “footprint” area of the coverags.
¢ Reflsetor Antennas

Fhe nood w compswnicate over great distances has led 1o the evolvement of sophisticated

P s
of mitennas with the ability o ransmit and receive signals over muillions of kilomsters. Refleotor

sas have large spertures. They con be described as se ondary antennas wed to amphdy,

~
-




direct and shape the electromagnetic radiation emanating frora primary anmennes. The primary

antgnng in this case is usually referred 0 85 feed antenna or simply “fead”

A wvery common antenna fomm for such an application {s the parabolic reflector antenns.

m

Anptennias of this type have been buill with diameters as large as 305 m (Balanis, 7005 Such
large dimensions arg needed to achiove the high gaim required 1o transmil or receive signals afley

willions of miles of travel, Anuther form of g veflector, although not as common as the parabolic,

1 ke corner reflector m{az: =R

.13 Antenns Arrays

Major advances i millimeier wave aintennas have been made in recont vems. [lodly the

<
ey

radiaion pattern of a single clement s relatively wide, and cach element provides Jow values o
dirgetivity {gaink In many applications, It is necessary {0 design antennas with very directive
charsoteristios {very high gaing} to meet e demands of long distance commuueation, Those

specific radiation patformn reguivements usnally cannot be achieved by single antenne elevsents

I

hecaise single elements usually have relatively wide radiation patierps and low values of

direchiviiy.

To design aniennas with very large divectivitics, 18 wsually necessary to increase the electricg]

“the anienng. This can be accomplished by enlarging the elegtrical dimensions of the

.
s
pend
P
Y
Sant
ok,

chosen single element (Orfanidis, 2008y However, mechanical problams are usuaily asso Chated

swith very Jarge efements. An alternative way to achiove farge directivities, without incrensing the

size of the individua! elements, s o ase multiple single oloments to form an aray,
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Fig 130 Twypieal wire, aperture, and Patch antenna array configurations (Balanis, 20053

An array is g sampled verston of a very large single olement. In an array, the mechamical

v

problams of jarge single elements are fraded for the clecinical problems associated with the foed
networks of arrays {Balanis, 7005 Anlenng arravs are used to direct radinied power towards a
desired angular sector, The number, geometrical arangement, and rslmive amplitudes and
phases of the array clements depend on the angular pattern that must be achicved. Once an armay
has beon designed to fonus towards a particular diveciion, #f becomes 2 simple matier to steer i

fovards some other divection by changing the relative phases of the array cloments, a process

catled sieering or scanmng (Mirron, 2006),

1.2 Pateh Antennas

In its most basic formy, the peich antenna is a layer-structured antenna consisting of 2 very thin
faver of metaliic strip {patch)y placed over a thin layer of dicleciric substrate. On the other side
{1z bortomy of the substrate is a conductive laver acting as a groursd plane (Balanis. 20083 The

patch is generally made of conducting matevial such as copper or gold amd can take any possible

v

shaps,

-~




The radigting patch and the feed lines are usually photo etched on the dislectric substrate. The
ingth of the patch 15 usually chosen in the range 033330, < L < 054 for & rectapgular potch,

witere £ 15 the length of the patch and 4y 18 the free-space wavelength. The paich is selecied o be
very thin such thas the patch thickness 1 << 4y . The height b of the diclectric snbsirate is osually

20053 18 the width of the patch.

chosen to he §.0034 <

Puatets

Fig 14 Basio patch andenna configuration

The subsirate bas a relative permitivity of £, which is typically in the range 22 2 &, < 17

{Halanis, 20055 The patch can be any shape. but the regular geometric shapes {such as

o circular dises} are most commonly used.
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2. Advantages of Patch Antennas

Pateh ardennas are extensivel

H
4

v utifized in present day wireless applications because of their low
profile struvture. This compect struchure makes thens greatdy compatible for use in handheld
devices like mobile phones, portable radios and pagers, They have besy

conununicetion and alsoe

H
23

wsed successfully

A.z

O 88 COnUnWRestion anfennas on board aussile

d oissiios becanse they can
« manulactied 1o conform to the shape of the missit

Some principal advantages of patch aternnas are as follows (Raamar ef of, 2003
ow prodile planar configuration which ran be eas sily made conformal o bost surface.
Low fabwication cost, henee can be manufaciured | in large

g gquantities,

O

s Hawar and cireular polarivatio;

3.
5 .

4 Can be easily integrated with misrowave int egrated cirouits (MICs)
2} Light weight and low volume.
£

Lapable of dual and triple freguency operations,

% vl
Mechas

BE i'v robust when mi
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121 Pawh Anfenns Radistion Mechanism

The radigtion of the patch anfenna §s determined from the fizld hetween the metal poich and the

r gy b
SEEST

ground plane. Opposite charges are extablished on the bottom of patch and top of the ground

plang when the patch is exciied. While the attractive forees hold most of the charges between the

two surfaces, the repuisive forees of the same charges on the patch surface will push some of the

charges o the edges oreating fringing ficlds which is the reason why patch antenna resonaies

RIs

(Garg e of, 2001y The clectric feld s approximately constant along the wudth of the pateh #

¥

gnd gogs f*’rmm & phase reversal along the length of the pateh L (Balaus, 2005y,

Gy e

ringe field

sy Irnsnr
2:1-3}‘..- t<.{,j6‘.

i
H
kY
}
&

sdectyicat Held

Fig 1.6: Patch antennz in its hasic form showing electric figld
distribotion {{rhan and Moeroaut, Tii*fh;

122 Feeding Techuigues for Pateh Anteunas
Parch anterinas can be fed by g variety of methoids, which can be classified into tweo categories
Comacting and Non-contacting feeding methods, In the Contacling method, the RY powar is fed
divectly to the radiating patch using a connecting eloment such as a microsip line. in the Non-
contacting schemne, eleciromagnetiy feld coupling i done to mansfer power betwesn the

Tk

microsiriy Hne ond the radiating patch (Balaniz, 2003

\

i3




Four magor feeding techmques have been identified. These are Microsirip line feed or Fdge

-

fepd, Coamxal cable feed or Probe feed | Aperture coupled foed and Proximity coupled feed. The

¥
¥

first two are contacting schemes whilst the last two arg non-contacting schemes (Godara, 20023

a, Edge Feed
I this type of feed technigue, a condusting strip is connecied divecily © the edge of the patch,
the conducting stnip is smaller in width as compared 1o the pateh. The parpose of the tuset cutin

the patch s to match the impedance of the feed line to the paich without the need for any

additional matching element,

This is achieved by proparly controlling the nser position. This 15 an casy feeding schome, sinve
i provides ease of fabrication and stmphicity i modeling as well as tapedance matching. Thiy
kind of feed arrangement bas the advantage that the feed can be elched on the same subsirate to

5

provide o planar stacture. However, s the thickness of the dielectric substrate being used

increases, wurfece waves and spuriows feed radiation alse tworcases, which hampers the

bandwidth of the antenne (Godara, 20023

Miirrosorln Feed

Prstody v

——

i

Piedeciric Bubsoras

G
fa 14
Fig 1.7 Edge feed for patch antenng




b, Probe fred
The cownial feed or probe feed 1s a very common technique used for feeding path antennas. In

this techrugue, the inner conductor of the cosxial connector extends throngh the diclectric and is

soldered to the radiating patch, while the outer conduetor is connected 1o the ground plane. This

ug i3 more comphicated 1o actualive than the edge feed (Godara, 2002).

P it th MMM

Substate

e pecmmsnsceoncnnnses S 0vid Plang
(ﬂ-)i‘l(!”" L{)(mmwwm

Fig 1.8 Probe foed for peich antenna

2. Apertare coupled feed

in this ty

pe of feed wchnigue, the radiating pateh and the wicrostrip foed line are separated by

the ground plane. Coupling between the patch and the feed lpe is made through a slot or an
aperture i the ground plane. The coupling aperture is usually cendered under the patch, leading

to fower omss-polarization due to symmetry of the configuration. Sinee the ground plang
s o =

separaes the pateh and the feed lipe, spuricus radistion is minimized. Unlike the probe-fed
guration, no vertical mievconneels are required. stmplifving the fabrication processes and

also adhering 1o the conformal nature of printed cireuit iwchnology.
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Microstrip ling

d. Prosimity Coupled Feed

This is the second form of nog-contact fog f patches created to overcome the she swtcomings of the
direct comtact fod patches {Pozar, 19873 In this scheme, two dieleciric substraies are ut iheed in
such 2 manner thet the feed line is between the two substrates and the radiating patch is on 1op of

the upper substrate. The main advaniage of this feed tec haigue is that it eliminaes spurious feed

radiation and provides very high bandwidih {as high a3 13%) (Balanis, 2005,

Aicrostrip Yine

Subutrate §

et ST TE (T § 7T

Fig LG Proxiroity coupled feed for pateh anenna
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The major dissdvantage of this foed schame is thal # is difficull 1o fabricate bocause of ©

SoRARY
dielectnic fayers which need proper alignment. Also, there is an increase i the overall thickness
of the antenna, The fuct that there is no ground plane separating the two diclectric lay AN
the power from the feed network 1o be coupled to the patch electromagnetically, 4s epposed 1o 2
divect contact. This is why this form of antenna is alse reforred o as an electromagnetically

coupled patch anterna,

T

£.3  Pateh Antenna Arrays

Parailel to the rising nnportance of wireless communication systems and persomnel T
{information Technology) serviees (e Bluetooth), increasing efforts are devoted to the design
andd implementation of novel structures from muniaturized eolechronic ciroults ©© the antonna
arrays. (e major ares i the design of patch anenme arrays which are attractive candidies for
adaptive sysierns in the present and futwe commumication systems. fo the past section, single

patch antenna elements were discussad,

Lisually the radistion pattern of a single clement is relatively wide, and cach slenent provide
fow walnes of directivity, Pateh antenna arvay designs are optimized for the best radintion
characieristics sinee the small size of paich gntennas Bmils control of the pattern and one must
use arrays of patches to control 18 pattern seniously (Milligan, 2005

Their main advantages are Bght weight, Iow cost, planar or conformel lavout, and ability of

integraion with electronic or signal provessing cironitry. Patch amenna arrays can be slagsined

#d on their feed networks. There are two major types, namely; paralfel-fed and senes-fed




paich antenng arravs. Both types can be realized as either coplanar swith the radiating elaments or

i g separate travsnission line faver (Bahf and Bhartia, 20601

131 ParsHel-fed pateh antenns arrays

These types of patch antenng ¢ arrays (also known as corporate fo I} have a single input port and 4

o teed lnes in paralicl constituting the outpat ports. Bach of fhese fead lines terminates a
a paich antenna. Paralle! fed patch antenna arrays are classified into two basic configumrations.
These are, one dimensional and two dimenstonal configurations (Bahl and Bhartia, 20011 Fach

3

of these configurstions is hereby discussed,

2. e dimensional configuration

Fhe coe-dimensional parallel fod paich antenna array consists of 4 branchi ng nebwork of two-
way power dividers. The ol beam direction of the arrgy can be controlled by manipulating the
power division ratio at each junction. There are two basic configurations of one-dimensional

-

paraitel fed path antenna arrayvs. These are symunetrical and asymmetrical configuration, The

tolal mumber of patch amtennas in the a rray is 2% where n s an intoger.

. Two Mmensisnal configuration

The fundamenial configuration of a two-dimensional parallel fod patch artenna arvay can be
described as & one~dimensional array and its miirror image connected together as two sub-arrays
of the same arrgv. The basic sub~grray configuration can be extended to larner arrayvs with

spreifically 27 clements per side to maintain a symmetrical configuration,




(a)

* Inpt

 Ouidputs to patch antennas

v

L

7 Input

Fig 111 Basic one-dimensional paraliel fed patch antenna array: (0) Svametricsl condi CUration,

(b} Asynumotrical configuration

Chanpit o patch Aatennas {_ _
% Input

Fig 112 Two-dimensional paralle! fod pach ardenna array
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132 Series fod patch antenns arrays

This fype of patch amtenng array has a continwous tansmission line frem which smell

proportions of epergy are progresaively coupled inin the imsbividual paich anteouas distributed

s

atong the ling by various means including proximity coupling, divest coupling, probe coupling

and aperiure coupling.

Typical series-lod microsirip potch antenna arvays can be contigured into twe types of radiating

- AL

wrangements. These are referred {0 as un-transposed  and  wansposed  arvays.

g
1-\
C.‘C\
(”:
o
—~
jekey

Untransposed arrgy has element spacing for the boresight beam of 4y (frec-space wavelength)
whilst transposed array has g phase change of 180° on the radiated fields bebween adjacent

elements due 0 the effects of the coupling mechaniarms {Rahl and Bhartia, 2000}

o patch antennas

{ooad

S T ?Mv ] \ihg

) i o y s

Yo patch antennas
Fig 113 Ome-dbmensional series-fed paich antenna arrays

{2} Untransposed eonfiguraton (b} Transposed configuwation
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fhe sevies fed patch amerue array constitutes a travelling wave array i the feed lne is

\\'

minated in # matched load or a resonant array if the termination is an open or short clrawt, In

i the feed networks (parailel and serial) have a certain undesivable characteristios that 1

be carefully montiored In order to reduce any adverse effects on amrav performance. The
characteristics include; Conductor and dielectric Josses, Surface wave Inss and spurious radiation
due o discontinuitios such as bensds, junctions, and transitions. These losses constitute the overail

insertion loss of the feod affecting the mashmuem obtainable gain of the array (Bah! and Bhartia,

001

1.4 Statement of the problem

A feld of provinent ceonomical and technological Interest is that of wireless conununications,

espocially sateliite-based. Space-borne communication requires special care essentinily due (o

Har working eovivenment {onter space). The amenns sub-system, in particnisr, must

a wide coverage angle on the ground 1o cover, for exampic. Afrien or the European

nion, vet presenting g gain Mgl enough o guarantee wide-band bi-directional commmicaiions,

Weight and dimensions must be as low a3 possible, on the spiellite, where mass and sive

£

sions are extremely striel. The antenna subsyvstems on majority of satellites, when fully

it

>

Feas

o

deployed, utilize parabolic reflectors for earthrovard beams. Over the past decades,
eonventinnal feed for offsed parabolic refleptor antennas on-board satelittes has besn the horn,

sipoe they reduce the normally high Beplane side lobes and they provide the vequived divectivity.

One of the goals of the satellite antenng desigoer 15 0 minimize the weight as much as possible

1¥




The problem here is the weight of these bors, The homs rend to be bulky. W cight s a sirong
factor that atfects cost of design and the overall cost of the Jaunch campaign, High weight also

mgregses the failure tende N I space missions.  This research work therefore, i3 aimed w
soiving the weight problem constituted by conventional feed horas by proposing a patch antenna

5

array a3 an alfernative feed for dish apte eris an board satellite,

1.5 Alms and Objectives
gb To study the design, modeling methods and performance parameters of paich antonng
arrays based on previous works,
by Todesign a pateh antenna array that will « operate in C-band
¢} Tocarry out a performance ang ddysis on the designed army as feed for a dish antenna
d} To tailor the patch antenna arrav feed in order to provide radiation charscteristics similar

to those of vonventional feeds by vary ing the clement spacing and exeitation

1.6 Project Seope
This resesrch work ol introduce different types of antennas with cmphasis on patch anteana

ays. A review of papers velaed to patch antenna arrays and their applications

will be carried oul. This will be followed by the mode cling and performance analvsis of 2 pa
antenng array as feed for (-band dish antenna, Simulation ¢ # paich antenna array fred for Coband
dish will then be performed using the model developed. Conclusions will then be drawn and

recomynendations made based on the resolts, This research will however not consider the earth

segrent. which has uo restriction on weight and maintenance.
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CHAPTER TWO
2.6 LITERATURE REVIEW

2.1 Dish Antenna Feeding Systew and Aperture Efficiensy

A dish antenna freding system is positioned with its phase centre gt the focus of the parabola so
that the energy would radiate uniformly in all directions. Ideally, all the energy radiaied by the

feed will be brlercepted by the parsbola and reflected n the desired dirsction. To schiove

maxinnum gain, this energy would be distributed such that the field distribution over the aperturs

is uniform. However, this is not practically reshizable.

The most tmportant roperty of the dish antenna that 15 considered as a measure of quality by the
antonna engineer is the Apertwre Efficiency. For s dish antenna. aperture efficiency {5, s
detined as

Ha = A Ay

Here A s the maximaom absorplion area and 4, 18 the geometrical area of the antenna aperture. it
indicates the efficiency with which the radiation from 2 point source, 1oy fustance the transmaitier
on 4 conumumicstion sateiite, is collected. ¥ defines the sensitivity of the antenna. Ht is the

product of & nember of separate "efficioncy components” (Baars, 20073

P
.

Ha = Bl 5T {Z.

™ <

iumination efficiency of the aperture by the feed function (Mtaper™)

=
s
£
~
%
oy
-
"

5, = Spillover efficiency of the feed (and sub reflector, if present)
#, = Radiatioen efficiency of the reflector surface

1, = Polarization officiency of the feed-reflector combination




#e = Surface ervor efficiency o7 scatiering efficizncy
¥y = Focus error efficiency (hath lateral and axial detocus)

!
1

iy = Blocking efficiency due to sub reflector or other ohsiruction.

231 Humination taper

The most imporant component of the aperture efficiency Is another hasic guaniiiy, the
dhumination officiency. It describes the degree to which the outer areas of the aperture are fess
effecitvely explotted as a result of the “weaker” Humingtion of thet arca, When we ook closely
@ the pavabolic surface, we find out that the focus is rather far from the edge of the reflector then

from the centre.

Since radiated power diminishes with the squsre of the distance (Inverse square law) less energy

arrives at the edge of the reflector than at the centre. This is referred 1o a3 space affenuation oy

spave taper Therefore 1o compensate Tor this, move powsr must be provided at the edge a0 83 1o
have constaryt Hhamination over the surface of the reflector. Optimum performance Is generally

considerad 1o be achieved with 2 -10 dB edye dhumination taper { Wade, 2003

2.1.2  Spillever

This is the pereentage of power sitted by the feed, which "spills over” the edge of the reflector,

e

the hoandary of the reflecior {Baars, 2007,

2
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Typieal Dish tumination for a dish antenna

Hhunination taper=1048 (Wade, 2003

2.1.3  Surface errors
The small scale, randomldy distitbuted deviations of the refloctor from the prescribed parabelis

shape result in randomly distributed phase errors over the aperture (Baars, 20071,

2.3.4 Forous

Axial or lateral displacements of the feed from the focus cause targe scale phase errors over the

FE

aperture, which normally are amenable to calenlation. These grrors can be minimired by regular

FE¥ 3

defermination of the oplimwn focus from fest observations {Baars, 2007

115 Blocking

Thia ta the partinl shadowing of the dish aperture by the feed support strovture. This leads to a

JJJJJJ

efficiency. The blocking grea consists normally of vwo partar the “plane wave blocking”,

22




peual te the projection of the strupture onto the aperture plane, and the “spherical wave
Blocking”, which is the shadow cast by the spherical waves traveling from the outer region of the

reflecior oulsiile the support penetration point to the focus (Baars, 2007 }.
218 The Cassegrain-feed

Cassegrain, a famous astronomer, showed that incidens parallel rays can be focused 1o 2 point by
arifizing two reflectors (Wade, 2003 To accomplish this, the main {primary) reflecior must be a

parabola, the secondary reflector (sub retlecion a hyperbola and the feed placed along the axis of

th