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Course objectives & Outcomes

U Objectives:

A To know basicantenngarameters

A To computethefields associatedo antennas

A To know themethodgo improveantenngerformance

A To know the basicstructures of a complexantenna

A To know the Wave Propagation,methods of measuringantenne
parameters
U Qutcomes:

A Elaboratevariousantennasndits performancearameters
A Inferthefields andpatternof all typesantennas
A Apply themethodgo improveantenngerformance

A Explain the behaviour of different complexantennas
A Recommendhe antenndor a selectedapplication
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CHAPTERIVA: Non-resonant radiators
U Concept of Resonant and nrosonant radiators
U Travelling Wave radiators: Types
U Long wire antenna: fields and patterns
U V-antenna: types

U Rhombic antenna: design relations
CHAPTERIVB. Broadband antennas

0 Helical antenna
A Significance, Geometry
U Design considerations of motfikar helical antenna
A Axial mode of helical antenna
A Normal mode of helical antenna
A Parameters of above modes
U Qualitative treatment only



CHAPTERIVc: Micro -strip antennas

U Introduction, Features
0 Advantages and Limitations
U Rectangular Patch antennas
A Feed Techniques & Different parameteiish Impact

CHAPTERIVb: UHF VHF &Microwave antennas

U ReflectorAntennas:

A Types, flat sheet and Corner Reflectors

A Paraboloidal Reflector: Geometry & characteristics
U Types of feeds{off set &assegraifeeds

A F/D ratio, Spill over, Back lobes, Aperture blocking
U Horn antennalypes, Optimum horn antenna
U Lens antenna: Types, geometry, and

A Features ,Zoning and applications.
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VHF UHF & Microwave antennas

Non-Resonant HF Log Periodic HF Antennas
Antennas eEarly Log-Periodic Antenna
eLong-wire Antenna eLogarithmic Dipole Antenna

eVee Antenna
eRhombic Antenna

Resonant HF Antennas Directional HF Antennas
eMonopole Antenna eEnd-fire Arrays
eDipoles and Slot eBroadside Arrays
Antennas eCircular Arrays

elLoop Antennas

Frequencyange 3 MHz to 30 MHz

Wavelengthh 100m7T 10m

Antennacomparablen sizewith thewavelength

Directionalproperties

In HF band ground - more losses

lonosphere- favorableconditionsfor HF broadcasting



After completionof this chapter,we will be knowing
the

A ResonanandNon-resonantadiators

A TravellingWaveradiators(or)TWA: Types

A Longwire antenna

A V-antenna& Rhombicantenna Concepts

A BroadbandantennasHelical antennatypes& Parameters
A Micro-stripandPatchantennas

A ReflectorAntennas(ifferenttypes)

A Typesof feeds{offset& Cassegraifieeds

A Horn antennalypes,Optimumhornantenna

A LensantennaTypes,geometry ExceptHorn antenna
U FeaturesZoning andapplications all other antennas are Ir
extended form,
from basic structures



Non-resonant radiators %

Concept of Resonant and Nogsonant radiators %;83;,
0 Travelling Wave radiators(or) TWA: Types >

Long wire antenna:
A fields and patterns

1 V-antenna & Rhombic antenn&oncepts

Microstrip Antennas:
A Introduction
A featuresadvantages: limitations,

Rectangular PatcAntennas:
A geometryand parameters,
A impactof different parameters arharacteristics

Broadband antennasehical antennajualitative treatmeranly)
A Significance, Geometry
A Design considerations of motfitar helical antenna
A Axial mode of helical antenna
A Normal mode of helical antenna
A Parameters of abovecdes



Types of Antenna

Antennas
v : v
Resonant Antennas Non-Resonant Antennas
(periodic antennas) (aperiodic antennas)
--Wave travels in both the -- wave travels in only one

directions(forward & Backward) direction (forward only)

-- produces bi -directional patterns -- called TWA

-- open circuited at one end . -- terminated by matched load
--produces standing waves -- produces no standing waves

&= 5

P

Combined pattern Ihoae o forward wwraswre

due to both waves




Concept of Resonant and Nossonantadiators
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(a) Nonresonanantenna (b) Resonanantennawith Pattern

A Nonresonantantennasare the antennasin which the source is
matchedo theload(i.e. theyd o rh@veopencircuit).

A A nonresonantantennais like a properly terminatedtransmissior
line, produceso standingwaves

A Demeritsof Non-Resonanfntennas
(1) Low gain
(1) Low efficiency.
(i)  Occupymorespace



Travelling Wave Antennag WA

(or) Long wireantenna: Types

As stated, in a long wire antenna ,wave travetsiy one directiorand
hence it is called TWA. d is the diameter of wire

Parameters related to long wire antegﬂzas; h is height above the ground
0

A Terminal resistanceR :138loglo%h—o

G

. : — n is length of the wire in
A Radiation Resistanc® =73+ 69loglo(n) wewelengths
120

RrSinqmax _1én' 1ﬂ
A Angle in which maximum radiation occursYmax = Cos 8 - H

A The physical length of a long wire antenna can be represented ir

terms of no. of  &., n) and is written as; _492n- 0.05)
5 length=

A Maximum Directivity; D,

MH



Types:
A Slow wave structures/p< C)or Surface Wave Structures
A Fast wave structur€p> C) or Leaky Wave Structures
Drawbacks :
A Low directivity
A Side lobes may be high
A Main beam is inclined at an angle
which depends on wire length A max

Applicationsof Long wire Antennas:
A V-Antenna and Inverted-XXntennas(stack of MAntenna)
A Rhombic Antenna
A HelicalAntennd or highgain antenna)



V-antenna & Rhombic antenn&oncepts

Long wire antenna V-antenna structure

Non
resonant
type
Uni-directional antenna
V-antenna /

—
Resonant

\‘ .

antenna
Bi-directional
V-antenna
—

\
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Rhombic antennBesignAnalysis:
The design parameters of the Rhombic antenna are,

In designing the Rhombic antenna, above parameters may be chos
such that;

1. Alignment desig(design forJ)

2. Maximum E desighEmaxin U

A If the height abovethe groundis less than that requiredfor these
designsalignmentmaybeachievedoy increasingheleg length

A If the heightis maintainedbut the leg lengthis reduced, alignment
may be obtainedn theangle .

A As a third possibility, if both heightand leg length are reduced the
angle « canbechangedo producethealignment



The far electric field component from the Rhombic antenna is given
= _ Cosf[sin(H, sina)|[sinlyL )" = )

Where Y
f Iselevatiormanglewrtground
a ishalfincludedsideangleof Rhombic

H, = ; Is heightoftheRhomixz antennabovaheground

L, = /L Is leglengthor armlength

Hr 2[/7H = 2IOH/
2
r = %ﬂ_ = 210L/
_(@-SinfCosa)

2



A uniform antenna current is assumed and mutual coupling is negle

For aEmaX|mum E condition, E is maximizedt H, that is we make
LL

H =0------ e (2)
That is, ) | | | o
= — ﬁz%Cosf[Slr(HrS/‘lnéz)][Slr(yLIr )] ézo_ (3
Which yields,

L : : _
SINNH _Sinaz ))=0- - (4
e o ) (D
Y CogeL ‘/ Sina 8 o o- -5
G
Which will happen when thergument of Cosmis equal to odd

multiples of # ; \ 2oH
2

Sina = n%— - (6)

For the lowest practical height, n=1,the height of the. n=1. 3., 5¢

antennais givenby 4, = 4S?na - (D




To find the leg length, E is maximizedt L, ,that is we make

Thatis, HE _
HL,

Which yields,

L

LR (8)

N 1
/' 2(1- SinfCosa)

- - (9)

Maximizing Ewrt « and introducing the above equations, we will get
f=90-a--- (0
i, W e 1
- 2(1- cosgfa) 2sirfa
Equations 7,10 and 11 gives
A the height in wavelengths
A the half included angle or side angle
A the leg lengths in wavelengths
Advantage:

A Broad band, highly directional, simple and cheap

and hence

L, - - (T



Advantages & DisAdvantages oRhombic antenna

Followmg aretheadvantages of Rhombic antenna:

It is easy to connect multiple rhombic antennas.

It delivers effective transmission.

It iIs simple In construction.

Input Impedance and radiatipatternare constant.
Rhombic antenna eliminates grounding problem-aihtenna
terminations.

Followmg are the drawbacks disadvantages of Rhombic antenna
There Is wastage of power in terminating resistor oftitenna.

0 Loadabsorbs almost half of the transmitter power.
0 It requires large space.
0 It offers reduction in transmission efficiency

O Ox O Ox O

@)}



Antenna types
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Antenna types

Pros

Cons

PCB antenna

Very low cost

Good performance at

Difficult to design small and
efficient PCB antennas at < 433

> 868 MHz MHz
e Small size at high o Potentially large size at low
frequencies frequencies
o Standard design
antennas widely
available
Chip antenna | ¢ Small size e Medium performance
e Short TTM since e Medium cost
purchasing antenna
solution
Whip antenna | ¢ Good performance e High cost

Short TTM since
purchasing antenna
solution

Difficult to fit in many applications

Wire antenna

Very cheap

Mechanical manufacturing of
antenna

IP based
antenna

D

Support from IP
company

P. Bujjibabu. Associate Professor,
bpartment of ECE . AEC.Surampalem

High cost compared to standard
free PCB antenna designs. .
Similar cost to Chip antenna




Broadbandantennas: Helical Antenr

A TheHelix is in threedimensionabeometryform.
A A Helicalwire on uniform cylinderbecomes

a straightwire whenunwoundedy rolling

thecylinderon aflat surface
A A helix projectsasa circle-viewedon-end / ‘\i
A Thusa helix combineshe geometridorms 1 \

of a Straightwire, acircle andacylinder, D =diameteof helix,

A Thehelix diagramis shownin figure ~ ©=circumferaceof loop=p D
S=spacingoetween tns

A

@)
&
%
& ‘b

g
=

- a =pitchangle= tan‘laig
#D?

L =lengthof oneturn

- n=noof turnsorloopsin ahelix
A = axiallengthof thehelix=nS
» d =diameteof theconductor




A helical antennais an consistingof a conductingwire
woundin theform of a

In mostcaseshelicalantennasremountedovera

The IS connectedbetweenthe bottom of the helix and the
ground plane Helical antennascan operatein one of two principal
modes

A normalmodeor
A axialmode
Helix is in spiralform

An example Y2 wavelengthdipole shortenednto helix (rubberducky)
for handheldransceivers

Typically severawavelengthsong andusedwith agroundplane
Circumferencas Y2 wavelengthandtheturnsare¥s wavelengthapart

Application VHF satellitetransmission(crosspolarization)


http://en.wikipedia.org/wiki/Antenna_(electronics)
http://en.wikipedia.org/wiki/Helix
http://en.wikipedia.org/wiki/Ground_plane
http://en.wikipedia.org/wiki/Feed_line

If a turn of circular helix is unrolled on a flat plane,thenthe relation
between
Illustratedin belowfigure.

WhenS=0anda =0

Then helix becomes a loop

WhenD =0anda =90
Then helix becomes a linear conductc

WhenL, =1anda =90

Then helix becomes a straight conductor of lengt|




Normal mode of helix operation

N
Y

/

WhenS, Oanda =90

WhenS=0anda =0 : -
equivalentircuit



Broadside helix

End-fire helix

Gain [dBi]

3
1.5
0
-15
- 3
-45
- 6
-7.5
-9
-10.5




Helical antenna@esign parameters
Thehelix may befed with the following methods
A Axial feed
A Peripherafeedor
A At anyconvenientocationfrom thegroundplane
With the axial feed,theterminalimpedancdresistive)is givenby
R =140G

Wherewith the peripherareed theimpedancdresistive)is givenby

R 150

<,

Theabovetwo equanonsarevaiid if C, =0.8t01.2 ,a =12°tol4’andn >4

The approoriateghicknessof the sheetabovewnhich the helix is placedis
: : W =width of theconductor
givenby; =D

h = heightof conductomaboveground
- 2 e =relativepermittivity of dielectricsheet

e 377

2L bl
&VE L

C\/C/Q

Z, = charactegticimpedancef dielectricshee



Measuredpattern of a six turn helix as function of frequency are
presentedhere

and the performancearameters termshelix dimensionsare

HPBW=_ 22 FNBW = — ~12
€ NS € VS,
D @.2C,°nS,
The axial ratio is the valuemeasuredn the directionof helix axisandis
givenby; on+1

A = Wheren is no helix turns
2N



Normal mode of helix operation
A In this modeof operationtheradiationfield is
maximumin broadway ie., in thedirection
normalperpendicularjo the helix axis
A To achievethe normalmodeof operationthe M
dimensionf thehelixis., nL, < <
A Thegeometryof the helix reducego aloop of diameter
D whenthepitchanglereducego0 ie.. a =0

A Thehelix formsasadipolewith lengthSwhen a =90°

A In the normalmodeof helical antennathe loop dimensionsare small
and hencethe currentis assumedo be a constantand the far field
patternis independenof the numberof loop turnsandshortdipoles

A The helix may be treatedas a no. of small loops connectedn series
with no. of dipoles,in which the loop diameteris sameas helix
diameterandhelix turn spacings sameasdipolelength



A Thefar field patternfrom asmallloop antennds givenby
12Q0[| ]S|nq A Wherelll is theretardedturrent,

ris thedistance
r "

E, =

A is theareaof theloop =
A Thefar field patternfrom a dipole antennas given by

il j6op|l |sing s
1 r .7 =
A Thustheaxialratio A =—92=
A WhenAr=0; =
thentheelliptical polarizationbecomesinearhorizontalpolarization
A WhenAr=U
thentheelliptical polarizationbecomesinearverticalpolarization
A WhenAr=1;
thentheelliptical polarizationbecomesircularpolarization
A Conditionfor pitch angleto getCircuIarpoIarization

,0D2
4

p2D2

eC g

N\

82/

= tan™




Axial mode of helix operation

-6+

A In this modeof operation,the radiationfield is maximumin endfire
le., In thedirection parallelto thehelix axis

A To achievethe axial mode of operation,the circumferenceand the
dimensionf theloop areapproximatelyegualto thel

A It producedairly directionalpatternalongthe axis with few number
of sidelobes

A Theantennayainandbandwidthdependsiponthehelix lengthfiS)
A In axialmodetheterminalresistancés givenby R = 140C,

A And theotherparametersire

1
e, 52 W i, ETHS 5nSC2

€ NS, € NS, L &

» axis




Axial ratiois givenby 1

=1+ —
A 2N
Thenormalizedar field patternis givenby
y Sirg%a”; 3
E, = Sirld—8Co 2 s e
C n—= S A 8
C 2+

Where

4 _2/03 (1 COSQ)_I_ H
Theaboveformulasarevalid if

C, =0.75t01.25 ,a =12°to15’,n2 3andnS¢ 10
Thehelix mayberight circularly polarizedor left circularly polarized
Applications:-

Usedin spacetelemetryapplicationat the groundend of the telemetry
link for satelliteandspacegirobesat HF andVHF andradioastronomy



Advantages & DisAdvantages of Helicantenna

Following arethe advantages dflelical antenna:

0 Itis simple in design.

0 As it uses circulapolarizedpattern, it is acceptable by both
horizontal and verticgbolarizedantenna types.

0 It can be used for broadband applications due to wider bandwi
0 It can be used at HF/VHF frequencies for transmission and
reception.

0 It offers higher directivity.

0 It is very robust in construction.

Following arethedisadvantages dflelical antenna:

0 Itis large in size. This requires more space for installation.

6 For higher number of turns its efficiency decreases. The maxir
efficiency of about 80% can be achieved with the use of 3 to 4 tu
0 It is higher in cost.



/ Plane Reflector (Edge View)

: / Coaxial Feedline




Normal mode of helix produces Broad side pattern



//upload.wikimedia.org/wikipedia/commons/0/0b/Helical_antenna_principle.png
//upload.wikimedia.org/wikipedia/commons/5/5d/Uhf_cb_wit_rubber_ducky_exposed.jpg
http://en.wikipedia.org/wiki/Rubber_Ducky_antenna

In the axial modeor endfire helix, the dimensionsof the helix
are comparablgo a wavelength The antennafunctionsasa
radiatinga beamoff the endsof the helix, along the antenna'
axis It radiates radiowaves

The benefitsof this helix antennais it hasa wide bandwidth,is easily
constructed,has a real input impedance,and can produce
fields.

Helix antenna®f at least3 turnswill havecloseto circular polarization
In the+z directionwhenthe circumferenceC is closeto awavelength

Once the circumferenceC is chosen,the inequalitesabove roughly
determinghe operatingoandwidthof the helix antenna

For instancejf C=19.68 inches(0.5 meters)thenthe highestfrequency
of operationwill be given by the smallestwavelengththat fits into the
above equation, or =0.75C=0.375 meters, which correspondsto a
frequencyof 800 MHz. The lowestfrequencyof operationwill be given
by the largest wavelength that fits into the above equation, or

=1.333C=0.667 meters,which correspond¢o a frequencyof 450 MHz.

Hence,the fractionalBW is 56%, which is true of axial helical antenna:
In general


http://en.wikipedia.org/wiki/Directional_antenna
http://en.wikipedia.org/wiki/Circular_polarisation
http://www.antenna-theory.com/basics/polarization.php

Chapter -IVPART C - Patch antennas or Micigirip Antennas

Patchantennasassigneddifferent names..like printed antennasmicro
strip patchantenna®r simply a micro strip antennas(MSA)

MSA aremostlyusedwherethicknessandconformabilityis important

In high-performance aircraft, spacecraft, satellite, and missile
applicationswheresize weight, cost, performancegaseof installation
and aerodynamicprofile are constraints low-profile antennasmay be
required
Presentlytherearemanyothergovernmenandcommercialapplications
such as mobile radio and wireless communicationsthat have similar
specifications

To meettheserequirementsmicro-strip antennaganbeused

The strip (or patch andthe groundplane are separatedy a dielectric
sheef(referredto asthe substrate)



Micro-strip Antennas
Robert E Munson or Bob

Munson is the inventor of y o
O Mi estrip patch" antenna /(_M—” patch
People from University of // / /
Massachusetts- Dan Schaubert,  , = 7 /
Bob Jackson, Sigfrid Yngvesson /" Vg, p S
ddeveloped (1980-1984) , L
Commonshape®f patch h I dielectric (¢,
Ground

Basic patch assembly

Triangular Square

_ _ i
Circular Annular ring lptee] Rectangular



Features of Micrestrip Antennas

Patchantennaasicallyis metalpatchsuspendedvergroundplane

A micro strip patchantennaconsistf a radiatingpatchon onesideof a
dielectricsubstratevhich hasa groundplaneon otherside

The patchis generallymadeof conductlngmaterlalsuch as copperor
gold andcantakeany possibleshape 1.

A micro strip antennas characterizedy its B

A Nergh ’ K
A Width, | g a8y '

A Inputimpedance, !

A Gainand

A Radiationpatterns N
This conceptwas undevelopeduntil the revolutionin eIectromccwcwt
miniaturizationandlarge scaleintegrationin 1970

The early work of Munson on micro strip antennador use as a low
profile flush mountedantenna®n rocketsand missilesshowedthat this
wasa practicalconcepfor usein manyantennaystemproblems

-

! b 1
. Y.




Features of Micrestrip Antennas

The micro strip antennasarethe presentday antennad e s I gchoee
Low dielectric constantsubstratesre generallypreferredfor maximum

radiation

The conductingpatch can take any shapebut rectangularand circular
configurations are the most length of the antennais nearly half
wavelengthn thedielectrig it is avery critical parameterywhich governs

theresonantrequencyof theantenna
Thereareno hardandfastrulesto find the width of the patch

Applications:

» Used in mobile satellite communication
system.

» Direct broad cast telivision(DBS).

» Wire less LAN’S.

» Feed elements in coaxial system
» GPS svstem.

» Missiles and telementry

» UHF Patch Antennas for Space



Advantages:

> Low fabrication cost, hence can be manufactured in large
gquantities.

.-l;l'
i

Easily integrated with microwave integrated circuits (M ICs).
Capable of dual and triple freguency operations.

Supports both, linear as well as circular polarization.

Low cost, Less size , Low NMNMass .

Mechanically robust when mounted on rigid surfaces.

High Performance

YYVVYVYYVYVY

Light weight and low volume.

Disadvantages:

Narrow bandwidth associated with tolerence problem
Lower Gain(MNearly 6db) .

Large ohmic losses in feed structure of arrays.
Excitation of surface waves .

Most microstrip antennas radiate into half-space .
Relatively low efficiency (due to dielectric and conductor
losses) .

> relatively high level of cross polarization radiation
+~Spurious feed radiation (surface wawves, strips, etc.)

+~ Inherently low impedance bandwidth.

»~ Low efficiency .

+~ Extraneous radiation from feeds and junctions .

» Low power handling capacity.

YYVYVYVYY



Parameters of Mickstrip Antennas:

Microstrip Feed

Patch

L

Substrate

bl

S

Ground Plane




gt 1 Er—l 3!2
Ereff = [1 + 12 ]

2

Where.
Ererg — effective dielectric constant

g — dielectric constant of the substrate
/1 = height of the dielectric

™ = width of the patch

rerr+ 0.3)[%+ 0.264
AL 0412 (Eresr }[h W ]
h (erefF — 0.258) [F“L D.E]




Parameters of Mickstrip Antennas

ForaresonanfrequencyfO, the effectivelengthis givenby
(i

Lorr = :
ers 2fo ~..."' Ereff
Forarectanqulapatch theresonanfrequencvin any TMmn modeis

fo= e [+ (@]

Thewidth of the patchis givenby , — ¢

[

| + 1)
2fo 'lifm{f =~
N 2

Thefield componentsn the patchantennas givenby
o [kW sin & sin ¢] .
2 :
Y77 sin @sin @ cns[? sin & cos ¢] cosg
2
. [ &1 sin & sin @

sm[ ] .

B I s Ezsin r cns[? sinl & cos é] cosi? sin ¢
2

EE,":







UHF VHF &Microwave antennas
U Reflector Antennas:

A Types, flat sheet and Corner Reflectors

A Paraboloidal Reflector: Geometry & characteristics

A Types of feeds{off set &assegriafieeds}

A F/D ratio, Spill over, Back lobes, Aperture blocking
U Horn antenna{types, optimum pyramidadrn design}
U Lens Antennas:

A Types, features

A Dielectric lenses

A Zoning applications

%
D



Vhf Uhf & Microwave antennas -Introduction
0 Operating frequency is 3800,3003000 & 300030,000 with
corresponding wave lengths-1,1-0.1m & 0.10.01m
U Microwave antennas >2Ghz
0 VHF and UHF are used for ;
A Land mobile communications
Public safety & communications
Industry,, applications
Space vehicles
And ships

D> > D

U Ex: YagiUda Folded dipole an@Ground planecornerreﬂeCtOI'



Vhf Uhf & Microwave antennas -Introduction

Point source Line source Sheet source



Reflectors: Introduction

Reflectorsare usedto concentratdlux of EM energyradiated/received,
or to changats direction

Reflectorsare widely usedto modify the radiationpatternof a radiating
element

Large reflectorshavehigh gain and directivity are not easyto fabricate
andarenot mechanicallyrobust

g1 92

Antenna pattern without reflector Antenna pattern with reflector
For gettingmodified pattern therearedifferenttypesof reflectors

A Flatreflectors(lineor sheetype)

A Cornerreflector(Active& Passive) gi< Q2

A Paraboliaeflector D1<D2



Differenttypesof reflectorsareshownin belowfigure

Line reflector

Sheet reflector
Large sheet reflector

i

Active Corner reflector Passive Corner reflector Parabolic reflector



