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ABSTRACT

The mathemancal modelling for redefiming the directiry for radial line slot amay
antenna (RLSA antenna) is considered There exists directiviry for RLSA antenna in the
literature where this directivity was resulted from a function that is inversely proportional
to the product of 38 HPBW half power beam width in the electromagmetic plane
(Electnic Seld “E” and magmetic field “A planes) which was related to slots width of the
RLSA antenna alons, however the case for slots length in the mathematical modelling of
directivicy for RLSA antenna has not been considered This 15 seen not to sufficiently
address the precise required directivity of RLSA antenna especially in direct droadcast
satellite (DBS) service application area This paper comsiders that a typical RLSA
antenna i3 2 rectansular waveguide that has length and width which when svahated
would give the surface area of the slots on the radiation surface, and this has cnncal
bearing at amiving at a better directivity for RLSA antenma. Basically, in the quast for the
umprovement of the RLSA antenna’ directivity, slots area () of RLSA antenna and their
comresponding effects on the 3dB HPBW m tie electromagneric piane will be looked at.
A pew function descmibing an improved mathematical modeling for better directivity for
RLSA anterma will be formulated This will be done by looking at the aperture, 3B
HPRBW half power beam wadth in the elecromagnesc piane (E and H pianes), and ziot
surface aren and will be used in the existung directivity expression for aperture antenna
This will be dooe to provide a more accurate evaluations of the directivity for RLSA
antennas. A new decuwity expression suitable for DBS service using RLSA antennas
will thus be formulated.

Keyword— Siotz, siot area, siot width, RLS4 antenna, 3dB HPBW, E-Piane, H-Plane,
radial spacing. directivity, radiation characierisncs.

L INTRODUCTION

Compmumcation satellites are armtificial satelltes desizred for use in space communication
purposes. [ts applications include but not limited to the followmz: telecommunication.
broadcastingz multcasung. internst and multimedia service, real time mononng service.
pavization and global positionine system (GPS), tele-presence etc. Commumications
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satellite prowides unparalleled ubiquitous connectvity that mo other commumication
techoology can offer, becanss it has capability to cover large areas of the planet A
compumcations satellite can cover ope-third of the earth planet while it will take three
compumications satellites to cover the enfire earth plapet imespectove of
temain‘ioposraphy, peliical and peopraphical boundames. The forepoing make
compmumnication satellite an indizpensable part of our lives.

Cmoe of the applications of satellite communications & broadcastng satellite
services. Broadcasting satellie service:s are mfended mainly for direct broadcast to the
home, sometimes referred to as direct broadcast satellite (DBS) senice [1] in Earope it
may be known az dreci-fo-home (DTH) service. An example is what DSTV (Daztal
Samzllite Televizion) presently ofers in Nigena. Eesearch works have explored how the
directivity of satellite antermas can be mproved Ome of the key areas researchers kave
sthadied 1= the use of slotied wavepuide antermas for which radial Ime slot amay antenma
(FL5A) is an example. ELSA antenna has been carefully chosen for DBS applicatons
for saellite commumcation because of all apertare antermas, & &5 unmaiched in terms of
better directivity, which is stromz enoush to overcoms path loss, atmospheric
depradations, and the distance bamer of satellite commmumication PFLSA anterma has
besn considered because of #s low cost of production and high efficiency, and the fact
that also, there is no aperture blockage with BLSA antenna, as m the case of parabelic
reflector antennas.

BLSA antenna has been pood candsdates for hish pamn applications since they
were firstly proposed m 19805 [2], [3], they were developed to substifute parabolic dishes
in the DBS receivers due to their low profiles and simple confizorations which make
them sustable for the low-cost producton FLSA anfenna being a directional antenna
requres good radiated power to be able to overcome the 36, (:00km distance barmier of
satellite compmmnication. The key problem iz accurately determining the directivity for
RLSA, as the previous dmectvity for BLSA antenna [4).[5] has only considersd the
width of the slots i the formmlation of the directivity relationship that pensrated the
directivity for FLSA anterma, and has not faken slod area conceniraton mio
consideration And a5 in the case of FL%A anfenna madiation comes from the slot
concentration on the apertare anly. It is in view of this problem this paper proposes to
formulate a better directivity mede] that gives a better directivity of ELSA antenna

The quest for cost effectve antennas with improved performance persists, at the
end of 1950s, Eslly came up with the concept of a RLSA where he was able o ackieve a
constant shaped pencil beam by varying the positions of the feeding stmachure [§]. [7], the
authors showed its Zreat applications and bepefits in the sarly 605 [E], [9). This anterma
has the capability fo transouit and recerve comstani-shape pencil beams by means of
circular, linear or elliptical polanzation The antenna 1= made up of concentrc anmular
rngs of crossad slots. Fed fom a rather comples formation. the aimed polarization was
realised by exciing the anterma with the desired polarization modes Linear or orthogoml
mades (circalar or elliptical). The antenna is flexible, and has the same radiation pattern
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for all possible polanzations of interest.

By 10003, the slotted waveguide theory was accepted and used by Goto and
Yamomoto [10].[11] the authors proposed a different slot layout that would make circular
polanzation to be achieved from a double layersd radial cavity, fed by a sample centrally
located probe fesding structure. Thexr proposal simplified the feeding element. but the
resulting double laver cavity which was necessary for maintaiming constant amplitade
aperture illuminaton made the dasizn difficult to realize and hence makes it expensive to
fabricate in communicaton systems. The slots layouts on the upper cavity surface has the
form of a spiral amay with each element in the amay consistmng of rwo slots spaced 50 as
to be phasad in quadrature, thereby formung a unit radiator of circular polanization This
proposed anterna had removed the complexity of the feed structure, but addad a
manufactunng complexity due to its double layered nanare, it requires an E-bend to zet
the radiated fisld to and from the upper and lowsr cavaties respectively. Further work on
this discovery comtinued with Takahashi et al [12] simphfving the mamufacrunng
complexities encountsred by the double layered cawity structure design with the
inroduction of the single layerad stucture which produced an inmtolerably tapered
aperture fald due to the natural decay of the ourward traveliing radial wave in the feeding
cawity

Development of the single and double layered wersions of the RLSA antenna
including circular and linear polarizations cases have besn invesazated in Gteranures [12-
12] and [23] Advantages of the single layer RLSA antenna which makes it attractive for
use in DBS applcations inciude a potentally hizh radianon efficiency, sxtremely low
profile, ease of installations and immunity to leaf, water and snow build up due to its fat
surface In spite of this ourstanding flexibility there 15 an inherent flaw in this RLSA
antenny performance especially when linsar polarizanon is required. Further studies by
reszarchers from Australia in the year 1995 contimued in the quest for the desizn of the
linsarly polanzad radial kne slots amay antennas LP-RLSA which was to be usad for
DBS services in Australia due to the launch of Octopus a communication satellite which
camed Ku Band tamsponders along with other payloads to camer for thelr
comnunication demands. From then Paul Davis maccessfully desizned a 60 cm in
diameter linearly polanzed radzal line slot ammay antenna in the year 1999 [23-25]

Investization of the applications of the R1LSA antennas for wireless LANs with
resaarchers successfully fabmicating a low profilad RLSA antenna at 5.5 GHz resonant
frequency and was brought about in the year 2002 bv Malaysian and Australan
reszarchers [2§]. Islam took the smdy further by investigating RLSA antenna design and
tested 1t for outdoor point to point applications at 5.8 GHz. emarkably Islam suggestad
the FR4(Flame Retardant-2) materals to be used in place of dizlectnc materials at 5.8
GHz resonant frequency for wireless LANs [27]. [26]. His discovery was 30 mnnovative
owms to the fact that he factored in the cost of the material and ease of fabnication. Ina
bid to maximizing the potential of this remarkable slocted waveguide antenna, ressarch
for an innovative dual beam and pmin-beamed. circularly polarized RLSA were camied
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out [28]. [29]

According to [30] companson was made for 600mm parabolic disc Ku antenna (12.25 -
12 75) GHz, and 600mm RLSA antennas. A radiagon efficiency value of about 67°% was
achieved for RLSA over parabolic dish antenna, furthermore, Relationships between half
power beam width (HPBW), slot widths (w) and antenna directivity (D) were studied. a
new directivity resuiting from the study was formulated for the Ku Band (12.25 - 12.75)
GHz{4].

2. SLOT ANTENNAS

Slot Antennas are muitiple slots on the metallic structure or surface (copper plate)
capabie of radiating or recerving Electromagnetic (EM) waves. Radial Line Slot Antennay
(slotted waveguide antenna) is the concentric amay of slots on the copper surface. The
structare is composed of rwo metal plates that are divided apant by a distance D; the
radiasing surface is the upper metal that cames the slots pair amangements; the rsar plate
has no slots on it and serves as the ground plate. Radial susde is the guide between these
two plates, i 15 usually occupied with a slow wawve matenmal which repressnes the
dielectnc of choice also known as pamuttivity.

Dirsctivity describes the ability of the antenna to focus its energy strongly in a
paricular directon High directwaty is required for seamless satellite communications
because it is positoned about 36,000km away from sea level

Associared with the panem of an anenna 15 2 paramster desiznated as beam
width. The beam width of a pattem is the angular separation between two identical points
on opposite side of the pattem maximum There are a mumber of veam widths. One of the
most widely used beam widths is the Half-Power Beam width (FPBW) [31] it is the angle
berween the two directions m which the radiation intensiry 15 half the value of the beam,
1t 1s the defectiveness of a direcuonal antenna [32]. It also means the angle where the
transmuttad power has dropped by 3 dB from the maximum powsr on either side of the
main lobe of radiaton where the meensity falls off by half power it s measurad In
degrees, as depicead in Sgure [ below.
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Figure 1 characteristics of antenma [31)

RLSA 15 2 slorted waveguide antenna whose directivity mdices is hinged on the
conmbutions of the slots amays. antenna aperture as well as the 348 HPEW. However a
careful study by [4], [5] showed that the contributions from mndividual slot area on the
antenny aperture is not considersd in the antenna zain and directivity amived at by
pravious studies. As a result, the authors in an attempt to consider conmbutions Tom the
slots ammays only factored in siot width (w) and not the individual area occupied by each
slot on the aparmure and expressad the demominator which is the product of the 348
HPBW in E and H- planes respactively as a function of the slot width /(w) as represented
in the equation 1 below. Since the slot is rectangular, as depicred in fzurs 2

- '_Frn_rr.'vr«h'

Figure 2 Slot of RLSA antenna [33]
It then implies that it has a length and a2 width which when evaluated will give the
indisidual slot area. These would be evennally summed up to give a better diractivity for
RLSA antenna.

3 STRUCTURE OF RLSA ANTENNA
The structure is composad of two metal plates that are divaded apart by a distance D the
radiating surface is the upper metal that carmies the slots pair amangements, however the
rear plate has no slos on it
Radaal zusde is the guide betwaen these two plates, it is usually occupied with a
vii 21
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slow wave material which represents the dielectnic of choice also kmown as permittiviry,
this helps in Jessening possible development of grating lobes. Grating lobes happen when
the space of the radiating elements is approxamately one free space wavelength or even
more Nevertheless, because of the dielectic sandwiched between the separation distance
D (radial zuide) berween the plates, the spacing bacomes reduced by a factor /Er which
linurs the dangers of gratng lobe formation. Ilustative view of the RLSA antenma
struchare 15 seen m Fig 3 and Fig 4 respactively.
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Fizure 3 The Singie layer of the RLSA Anterma Feeder and Radial guide Adapted from

[31.
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Figure 4 Components of RLSA Antenna [34]

31  Principles of Operation of Radial Cavity
To successfully descnbe how radial cavity works. understanding the role of
electromagnernc waves propagating within it is key. The fizure 5 below reveals the power
flow [35], [36] within the radial cavity for single layered RLSA antenna,

Essennally feed probe plays a siznificant role in the operation of radial cawity.
that it converts power from the (Transverse Electromagnetic) TEM transmission lLine
mode into a TEM cavity mode that travels inside the radial cavity.

Vil "
-
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The stabilizaton requirement of the feed probe 1s responsible for the reason why
region of radius around the feed probe is left devoid of slots.
The confizuration of the slots on the upper place surface nust be designed n a manner
that it couples as much energy in the cavity to formings radiated pencil beam. Ensrzy that
15 not radiated by the slot will escape through the open adges of the radial cavaty It
therefore becomss paramount that the slots on the upper plate be confizured and designed
to intercept sufficient cumrent 30 23 to produce zood radiaton imespective of I3
polanzanon.
The maznetic field within the radial caviry can be further investizated For easiness, the
height of the radial cavity, D has to be hmitad to be less than one half of the zude

wavelength
D 3

b

Where D is the height of the radial guide, and A is the Zuide wavelength
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Figure 5: Power Flow within the Radial Canity

4 FORMULATION OF NEW FUNCTION FOR RLSA ANTENNA
(NUMERICAL DERIVATIONS)
Numenical expression for directvity (@) as it relates to measured and simulated £ and &
plane 34B half power beam widths (348 HPEBW) has been expressad and stated by [2],
[5]. It relates product of E and M planes of the 348 HPEW as inversaly proportional to the
antenna directiviry, to be a functon of sloths width [4], [5]. locked ar slots wadth
vanation in an RLSA anfenna and its effect on the dB half power beam width (348
223
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HPBW) for which a function was formulated that descnbed the directivicy for RLSA
aptenna  The function was usad to study the directivity of the RLSA antenny In line with
thess, the nunmmum number of slots in the first ning (n) =12 wers usad to manipulate slots
concentration on the radiating surface,

RLSA Antenna directwaty 15 thus expressed as:

=551 M

Where:
Oy = A, S8 FREW fav () = 12
Tpy ™ By i SO TFOW fior (k)= 12

Mathemancal formula for this form can be amved as

{8y} = (Bne] = F=} @
(B * e} = () &)
=W} = (g # (Bs) )

This formula of (1) achisved a dectivaty of [31.94 4B7]
Previous work done by [4] amved at the foregoing directoviry for RLSA antenna
However, this drectivity was amved at by considenng only the width of a rectangular
slot, and the lensth of the slot has not been considered This work is thersfore motivated
by the fact considenng the length and the surface area of the slot would result in a becter
directivity for RLSA antenna

In dus study, the slot surface area will be considersd for all possible number of
slots, and for all possible radiaton within microwave fTequency for any concentric
number of slots. The typical slot of an RLSA antenna is rectanzular in shape, hance it has
width and lenzth. where slot area is mathematically given by:

Slot Area (mm”) = Slot width # Slot length (5)

41 Proposed Function Formulation
Reszarch work 15 onzomg on achisving better direcovity for RLSA antenna, below 1s the
approach we intend to use: first is to study the relatonship that was achieved for
directivity in the previous smadies, and use it to establish a redefined directvaty for the
new study. For this work to bring about the improved dirsctivity required for RLSA
antenna, slot arsa will be used to improve the previous work for better daectvity.

In the (6) below, the swiace area of the slot of RLSA anterma s related to be a
function of the idB HPBW for E (Electnic Field) and H (Magnetic Field) planes
respectively as seen below.
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5=Z= @

8. (B.) = AT o UAT e (B, ¥ 2 (B,) O
055) * (Bge) = FL  Equation @)
Where:
Q, = B, 348 GFBW

Bos = B sy 30T HFIW

&= SlotArealuu)

MATLAB regression tool will be used to zenerate the requisite function for the 348

HPBW for E (Electnc Fizld) and H (Magretic Fizld) planes respectively that would be
used to evenmually compute the new directivity for the RLSA antenna

5. CONCLUSION
Development of an improved dirsctovity for RLSA antremmasz—is imperative as the
directiviry of an antenma 15 2 measure of is performance. Antennas are designed to
radiate elecoomagnetic waves strongly in a single dirsction or over a namow angle. This
directional pactem ensures that, the power mdiased is focussed in the desired direction
thus the pead to cntcally ascemin the viability of its value taking into cogmisance all the
parameters used in the evaluation with the view of achieving accurate value that cannot
be mizlsading

In view of the fact that the area covered by the concentnc amay of slots of 2
typical RLSA antenna has beaning on its directivity descniption. Essentially the directivity
of the anterma remains a significant measure of radiation charactenistic of dirsctional
antennas, hence It is pammount to have its good description in terms of its value that
cannot be nusleading.

Further work will mvolve implementation and validation of the mmproved RLSA
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