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| MPROVED ANTENNA ARRANGEMENT Field of the Invention

This invention relates to antenna arrays, and
w@arwioswbarly to arrays containing nultiple raPCHAURY6/001430

elements in the formof helical antenna el enents.

Background Antenna systens such as those for use in'

satellite comunications aréd-often required to operate

on structures for which space is a premium Exanples

of such applications are a satellite antenna on a

war shi p, or IMPROVED ANTENNAARRANGHAMENT

Mnimsing weight is also an inportant factor. In

these situations, tragdicpas! Invenadw! i c refl ector
antennas are not practical as they are both heavy and

r QUi iflvdnBibAL bl‘é yco'aﬁ[%gr anyyeanﬁf RRAAE Bo WhG cbflaining

operate Accor d &nna 2 ysterrs have been

muff) faﬁﬁ%néff%men s‘?%'ﬂﬂ D B PRl ARk e o ©

consists of a plurality of indivjdual antenna el enents

t hrough which the ant enfRkgEOUd on pattern can be

controlled by controlling the feeding signals to

i ndi Adiigoeg systren Aachesse these foraysenin Batbléltm@nmnmauortsyare often

the person skilled in the art. A base is provided to
reqeivgb oy bptlae ph strattutey fof whitle spaceeiseappdmiunanExaampiesi of such

fed by way of a network of radio frequency

applib @B afSd SfclBlcQRRANS 0 H GhirdSp, Rk bR ta@ﬁ’oﬂﬂe&@ﬁc?ﬂtﬁﬁ'v@ﬂlcle
lines to guide the signals to each antenna el enent

F 1 Or iRl {8l A AR tan HnpbRar? Taditt PUL -

In these situations, traditional parabolic reflector antennas are not practical as
they are both heavy and require a relatively large volume of space in which to operate.
Accordingly, other antenna systems have been developed for use in such applications.

An example of such a system is a helical antenna array, which consists of a plurality
of individual antenna elements through which the antenna radiation pattern can be
controlled by controlling the feeding signals to individual antenna elements as will be
understood by the person skilled in the art.

A base is provided to support the plurality of antenna elements, and each is fed
by way of a network of radio frequency transmission elements such as printed
transmission lines to guide the signals to each antenna element from a main feed input or
to an output.

Figure 1A shows a typical helical antenna array 10 having a base 20 supporting
a plurality of helical antenna elements 30. The base 20 may comprise an assembly of

metal ground plane, dielectric substrate material and printed transmission lines.
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Figure I A shows a typical helical antenna array 10

havi ng a base 20 supporting a plurality of helical
wapioens@oel enents 30. The base 20 nmay conpri SeP@NAU2006/001430

assenbly of netal ground plane, dielectric substrate

material and printed transm ssion lines.Figure IBis a

view from bel ow of the anterita 10 of Figure |A,

showing a typical feed network 50 to feed signals from

a signal splitter 40 having an input for receiving a

dri vBigargABl isam stiemu fioimpbelowwefpthe sinfepna fldeolfl KigurtidA, showing a

requi red signal to the appropriate antenna el enent(s).
typithk ffedetbtwetlned ko T8ed Sighalpifeodh laysifedl neplittbry 40 Hakingngh input for

transm ssion lines onto the base 20 as wll be

recéiﬂﬂl%r?tdi’% Q¥nd1 gdPIuEiNle DlpubL for fée&ﬂﬂgh%&:qreiqﬁi?egssignal to the

exanpl e of a helical antenna array is
Q ein et al, in which two arrays are
W”%@éggéégé%#'éggég§?de, one array for transmtting
si | s_and t he her artay. for receiving signals,.
Anot s £e5f gtk P typicaly TarReds DX PERng Gaysppgission lines onto the
difficulty in maintaining control over the beam
basp 2P e will baindasfoed by the perroaskidled it By artvany f act or s
contribute to this difficulty, including the
var i Abiekathyleaff adiedica cihénins tireyp isathofvaddiligy 6 248,042 $o Goldstein et
applied to the antenna el ements distributed over the
al, ewBich HheSerags ok @isPosad 8idebyChdd) dhe Ariy fbl‘"'ﬁ‘aﬂ%&rﬁﬂﬁ‘l?dsignals and
transm ssion |ines which attenuate the feed signal.

the'ghﬁr%gg};%rgjeh@ﬁéggggy on is dependant on the length

of t path that™t signal has to travel along the

trangm.ssion, Jine.,Accordin .as, t f eed. si gnal.s.

{1 avaroB Raplehl S dFR SRt direfifbrcndRiifios control

| ocated at different pgsitions around the array from .
ovef R peay RAHET emited By fenaitenng gral o fagiopt cepftipyte to this
_the antenna el ements can vary quite dramatically. Such
diffjcaitty a Biclyding the variability of characteristics of feeding signals applied to the

antenna elements distributed over the base. These problems are exacerbated by the
printed transmission lines which attenuate the feed signal. The degree of attenuation is
dependant on the length of the path that the signal has to travel along the transmission
line. Accordingly, as the feed signals travel different distances to reach antenna elements
located at different positions around the array from the feed input, the ultimate signal
power applied to the antenna elements can vary quite dramatically. Such variability
reduces the performance of the antenna in reducing the directivity and increases the side
lobes.

Some prior art systems have attempted to address this problem by designing in
deliberate attenuations throughout the transmission line network to maintain a consistent
level of attenuation. Clearly this adds to the complexity of design and manufacture, and

is not always successful.
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reduces the performance of the antenna in reducing the

directivity and increases the side | obes. Sone prior
wW@ei78%®dens have attenpted to address this prp@i/amdoy001430

designing in deliberate attenuations throughout the

transm ssion line network to maintain a consistent

| evel of attenuation. C ear13y this adds to the

conpl exity of design and manufacture, and is not

al ways successful.Summary It is an object of the

present invention to subsiwmmagy |y overcone, or at

| east aneliorate, one or nore di sadvantages of

exi skiipgnastjesganbetpiesehl fxkais@dtassbsantiallg@vembme, or at least

whi ch seek to address the above probl ens by

amEIRrB SRR ot iniste WA docbt i otiaBRhstand recei ving
ant enna el enents on a comon base, arrangi ng, 1 n

Z gg@i&g@é?ds age'fJ %ﬁﬁﬁegeﬁgntst Oidi @%iﬁcgitc; ad eg%@ﬁ? gllbggése :?)%cgblems by

recelving antenna e
. respective printed transm ssjon lines to interconnect
IntersRg franspwig ARtenEg S[FB}?PE %‘lﬁ’ldfef”élé%}g\/%mea‘ﬁlae%ﬁ‘&e‘étﬁ difiefycgrumon
on each sub-array, and in regard to each sub-array,
basgrragsmgbinessibrasrays pbests efifhe fransanit antprna dements gadrpubsets of the
antenna el enents and the interconnected receiving
receiming nanderah erlendrgs, susingaraspacsive @rinkeel tntsenssion fipest toaimtkerconnect
out put. According to one aspect of the present

trarisAitedtiiéR cldn@it LaSrepéiOy hhtefhatdlebiite BARacH Hidyarray, and in regard
conprising: a plurality of sub-arrays each conprising

to &hch |sglf—%h§/)hsﬁ{g bS8 dohhdtd t@h?e{%@m@&t@m%ﬁ%teﬁna elements

plural ity of receiving antenna elenents, sa
andp%h% ril%tlelrcto\{mggteds }Je%glrvgnaé/g’ntenna elements sub-arrays to the antenna input and

output.
According to one aspect of the present invention, there is provided an antenna
array comprising:

a plurality of sub-arrays each comprising a plurality of transmitting
antenna elements and a plurality of receiving antenna elements, said plurality of sub-
arrays being arranged on a base; wherein

each said sub-array further comprises at least one printed transmission
line interconnecting the plurality of transmitting antenna elements and at least one printed
transmission line interconnecting the plurality of receiving antenna elements; and wherein

the transmitting antenna elements of the plurality of sub-arrays are
interspersed with the receiving antenna elements of the plurality of sub-arrays; and
wherein

for each sub-array the antenna array further comprises:
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bei ng arranged on a base; wherein each said sub-array
further conprises at |east one printed transm ssion

wO eve/03qoder connecting the plurality of transm PCT/AY2006/001430
antenna el enments and at | east one printed transm ssion
line interconnecting the plurality of receiving
antenna el ements; and wherei%r the transmitting antenna
el enents of the plurality of sub-arrays are
interspersed with the receiving antenna el enments of
t he pl ur ald taplefor satmeating the; inwrapnneéntedirmshuttingzaantenna elements
sub-array the antenna array further conprises:a cable

to ahQihtep@n pat;iand the interconnected transmtting antenna
el enents to an antenna input; and a cable for

connecting, ¢fpge foﬁ‘%@ﬁ&%ﬂﬂ% ﬁ{e‘%ﬁtek%%ﬁéc\féc{‘&céi%fag“diﬁenﬁa elements to

el enents to an antenna out put. Accordi ng to another
an%ﬁ%%tougnf it he present invention, there is provided a
ase modul'e for an antenna array conprising: a

plurality of sub-arrays each conprising a pluralit f
{1 arasRordinAdo ARPLANATERHolE PIEAL VBRGh therg i provided a base
recei ving antenna el enents, said plurality of

modilp forranptenya prfay eQIRpEYRsl on a base; wherein each said
sub-array further conprises at |east one printed
t r ans piwalitgnofl subeartays ezack reomprising 4 pdurplityr aff trigsnafting antenna
transmtting antenna el enents and at | east one printed

elethé@B 8Ad & pl@Alityl oTeedoifs GRBMECbMents RidpldFAty bY sublarrays being
recei ving antenna el enents; and wherein the

arra?gg@@%%gégg,h@fgfnna el ements of the plurality of

arrays are

each said sub-array further comprises at least one printed transmission
line interconnecting the plurality of transmitting antenna elements and at least one printed
transmission line interconnecting the plurality of receiving antenna elements; and wherein
the transmitting antenna elements of the plurality of sub-arrays are
interspersed with the receiving antenna elements of the plurality of sub-arrays; and
wherein
for each sub-array the antenna array further comprises:
a cable for connecting the interconnected transmitting antenna
elements to an antenna input; and
a cable for connecting the interconnected receiving antenna elements
to an antenna output; wherein the base upon which the sub-arrays are arranged comprises
a plurality of said base modules, upon each of which is arranged a said sub-array.
According to another aspect of the present invention, there is provided an
antenna array comprising a plurality of transmitting antenna elements for transmitting

radio frequency signals and a plurality of receiving antenna elements for receiving radio
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interspersed with the receiving antenna el enents of

the plurality of sub-arrays; and wherein for each
wG@amasqay t he antenna array further conpri sesPCHAU2Db/001430

for connecting the interconnected transmtting antenna

el enents to an antenna input; and a cable for

connecting the interconnect®d receiving antenna

el enents to an antenna out put; wherein the base upon

whi ch the sub-arrays are arranged conprises a
freqiencyakighsls,ofhsraindthb dsmsmisting estennapelamests land fthevindcetvings antenna

arranged a said sub-array. According to another aspect

cleifibnth B ipfeRspefttd Witheath ofher.t here is provided an antenna
array conprising a plurality of transmtting antenna

el eNERkS P! the A3 bf Bendndtling ddtGHCnEH ek Wa! fe Hiftality of
a plur al?tg’ of p?ecg%}{/i ng rzimten a e emsntsa?tor e%’Pﬂalyo
. i.ving radi of requency.signals, wherein the

reoi 8 Pl FEMERbar UG B A0 e T ecel vi ng
ant enn lLements are interspersed with each other.
Pr ef%F%B"ﬁ&]Y cRFeSHR-HFa Rasyatdpast oaR dinsmitiRe apeRimelement and at
el ements and the plurality of receiving antenna

leass oaereaselying antenna g tin sub-arrays. Preferably each
sub-array has at |east one transmtting antenna
el en®efersbiy] eath bwinatrayols a Eamlivy oltrantréting aatean® alements and a
Preferably, each sub-array has a plurality of

plufali@NSietdiling apRhRNE8meAgNENt S and a plurality of
recei ving antenna elenents. Preferably, the plurality

of ARSI th PRI B?@%ﬁzgﬁﬁgg%ﬁtemg%eﬂé il Bfe of tP% aub-arrays

sub-arrays ‘are connec er via a prin
transm.ssion |i.ne and t.h rinted. transm.ssion .
are ‘ChANEOHAd to' each OLHEF vid 'S pnn&adpcransmlssmn Iime and the printed transmission

line is connected to a signal input via a first cable and the plurality of receiving antenna
elements in the sub-array are connected to each other via a second printed transmission
line and the second printed transmission line is connected to a signal output via a second
cable.

According to another aspect of the present invention, there is provided an
antenna array comprising a plurality of antenna elements for transmitting radio frequency
signals and/ or receiving radio frequency signals, the plurality of antenna elements being
distributed on a base, wherein the base is made from a plurality of base modules
connected together to form the base.

Preferably, each of the plurality of base modules has some of the plurality of
antenna elements.

Preferably, the some of the plurality of antenna elements disposed on a single

base module are interconnected by way of a printed transmission lines.
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line is connected to a signal input via a first cable

and the plurality of receiving antenna elenents in the
w@amasqay are connected to each other via a SBCDAU2006/001430

printed transm ssion |ine and the second printed

transm ssion line is connected to a signal output via

a second cable. According t™-another aspect of the

present invention, there is provided an antenna array

conprising a plurality of antenna el enents for

t r anBmefdrabingtheaplumlity ofjbesc ynaslutpaadre canukctal ta @cegnal rigput or

radi o frequency signals, the plurality of antenna

outBhtesRRio@bleg. di stributed on a base, wherein the base
I's made froma plurality of base nodul es connected

t ogepREs 1P h gﬁ@réﬂrlrg éﬁ fbgf;‘enﬁf El%hﬁ‘eh%bl%%fkudﬁg ufé“lit;ll IBtP transmitting

plurality of base as sone of t ['ura y of

te —.Preferab S : .
a3 OPR 3P DT iR e 538 Bl & Mimatjpror receiving
base nodul ¢ are, interconnected by way of a printed
anterng RS 19 T7oeHERS TBHior ERaENSY, sigrigs. plurality of base
modul es are connected to a signal input or output by
way Befasaily.eeach pidhe phalitytdfebage mrasluiasyhagfsomet ainthg plurality of
el ements include a plurality of transmtting antenna
trarshetiagtaatehng elemants and some of thd ipturklite @ff esveiviisg gneing,clenmshts.
a plurality of receiving antenna el enents for

I eCepréteiibly,afk @ofb AUB HMirAlitg PR hSnsTRIE AR Biné cl@R6kts Asposed
the plurality of base nodul es has sone of the

on leﬂ{gg% bhse Abadib %Péiﬂtér[:&ﬂﬁct%&tb ir gﬁ%?eat FarfflssSH Endhnd the
t he urality of recelving antenna €l enents.
one.of the plural of ,trans

so{%?@ﬁﬁ%%@%@lﬁ%ﬂ?&?@ﬁgﬂ& anfera ellélzmenést dre 1ntercom1eépe<§ tbiyng second

printed transmission line.

Preferably, the plurality of base modules are connected to a signal input or
output by way of cables.

Preferably, the first printed transmission line on the single base module is
connected to a signal input by a first cable and the second printed transmission line is
connected to a signal output by a second cable.

Preferably, the base forms a common ground plane for the plurality of antenna
elements.

According to another aspect of the present invention, there is provided a module
for a base for an antenna array, the module comprising:

a port for receiving at least one antenna element for radiating or receiving radio
frequency signals;

a printed transmission line for conducting signals to or from the at least one

antenna element; and
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on a single base nodule are interconnected by a first
printed transm ssion line and the sone of the

w@bkwrasdody of receiving antenna el enents are PCT/AU2006/001430
i nterconnected by a second printed transm ssion |ine.
Preferably, the plurality of base nodul es are
connected to a signal input-“or output by way of
cables. Preferably, the first printed transm ssion
line on the single base nodule is connected to a
si gre¢onnagat fopgornecting thepainted trangmissiondine dma cahle fareadiectrical
transm ssion line is connected to a signal output by a

condegindo af ipht oPiebep@lithe sifgalhase forms a comon
ground plane for the plurality of antenna el enents.

Ac copdigh1y, ha MRS S ARBRECbmBtisdshe sé%ﬁ? ?Pfft foP Y&RIIRN a second

there i s provided a nodule for a base an ant enna
mﬁ@ﬁﬁ@%ﬁn&@e nodul e conprising: a port for receiving at
east oneé antenna el enent for radiating or receiving
radi o frequency signals; a printed transnjssion |ine
for TBIRARLY.ThG A PesT AP A eiigrelqihis QAR 5E eh LR Slement and
antenna el enent; anda connector for connecting the
the seqone eateppanelsHPRidp 8 fiedei viee aermacigments or el ectri cal
connection to an input or an output of the signals.
Pr efrefeiodb)y, thhdramsmissienfliret isefor compectise $o dhes Gansmaittpgr sntenna
for receiving a second antenna el enent. Preferably,

clethB@ aid ltB@Shodle RAKENBEMPHEREA sebénd® phin@IdS Fahdnhibdon line for
ant enna el enent and

connection to the receiving antenna element.

Preferably, the connector is for connecting the transmission line to the signal
input and the module further comprises a second connector for connecting the second
transmission line to the signal output.

According to another aspect of the present invention, there is provided an
antenna array comprising a plurality of antenna elements for transmitting and/ or
receiving radio frequency signals, wherein the plurality of antenna elements are arranged
in sub-arrays.

Preferably, the antenna elements arranged in a single array are connected to each
other by a printed transmission line.

i’referably, the printed transmission line is connected to a signal input or a signal
output by a cable.

Preferably each sub-array has at least one transmitting antenna element and at
least one receiving antenna element.

Preferably, each sub-array has a plurality of transmitting antenna elements and a

plurality of receiving antenna elements.
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t he second antenna elenent is a receiving antenna
el ement. Preferably, the transmssion line is for
W@ omviesdodon to the transmtting antenna el enentCEAU200b/01430
nodul e further conprises a second printed transm ssion
line for connection to the receiving antenna el enent.
Preferably, the connector i for connecting the
transmission line to the signal input and the nodul e
further conprises a second connector for connecting
t he Rustooaidy theaatdedst shomansmiingantdnpa slegreat isoesnpetted to a signal
Accordi ng to anot her aspect of the present invention,
inptihein e fist pabde el theardceiihg RRtena ERyneRO IfEonBedted & a signal output
plurality of antenna elenments for transmtting and/ or
Wa@%g&hwkgghradlo frequency signals, wherein the
pl ur al |ty of antenna el ements are arranged in

sub- ﬁref‘e lfu?a{lgfwt’ra si ]mtngéﬁ{gﬂﬁa &l ﬁfgﬁt{gﬁﬁ' oﬁ{)EﬁgQ @&—mays

in a S|n € con 0 eac her

tran m.ssi on |li.ne. Preferabl r|n1 d .
are Rphigeiecls ﬁnﬂ}?é P2 B 08 hieghad P mpipedgangmission
signal output by a cable. Preferably each sub arra
linehig sonptectedde ¢ signal inpuindsp first gablagnd ﬂwmlkmabtmﬁtraaﬁalt pg antenna
| east one receiving antenna el enent. Preferably, each
elemmenys am teysubamray ayk womldcted tofeath atheniviat 4 sepoadtpeinted transmission
el enents and a plurality of receiving antenna
linecdrRINBB sécontd phiafedltdnsinibeiontlideda sdnebRd ttd arsdhal butpgt via a second
antenna elenent is connected to a signal input via a
cabld rst cable and the receiving antenna elenent is
connected to a signal output

Other aspects of the invention are also disclosed.
Brief Description of the Drawings
Some aspects of the prior art and one or more embodiments of the present
invention will now be described with reference to the drawings and the APPENDIX, in
which:
Figure 1A shows a prior art arrangement for a helical array antenna;
Figure IB shows the underside of the helical array antenna of Figure 1A;
Figure 2 is a perspective view of a helical array antenna according to an aspect
of the present invention;
Figure 3 is a plan view of the antenna of Figure 2;
Figure 4 shows a conceptual representation of the array modularisation aspect of
the present invention;
Figure 5 is a view from underneath of the antenna of Figure 3;

Figure 6 shows a modelled beam pattern of the antenna of the present invention;
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via a second cable. Preferably, the plurality of

transmtting antenna el enents in one of the sub-arrays
w@e@7oaonect ed to each other via a printed traPGHAE$106/001430

line and the printed transmission line is connected to

a signal input via a first cable and the plurality of

transnitting antenna el ement® in the sub-array are

connected to each other via a second printed

transm ssion |ine and the second printed transm ssion

| i neFigare @rshews dit balixaardenpaadisaosed un Internatiosad Rataht Application

cable. Other aspects of the invention are al so

No®GT/ a%md/008p0:.ef Description of the Drawi ngs Sone
aspects of the prior art and one or nore enbodi nents

of tIyguld &8RMs éi&yﬁﬂw&(‘vm lof R YRG! ﬁ?Fggh'P@‘i; Mt h
reference to the draw ngs and the APPENDI X, 1 n which:

Fi 90U BpERDIRONS oftalls' A exBhdt LRSS TR HonfrflthbifRlal Patent
|9 eé SNOWs e o e

array ant enna; Frgure | € Undersi

arpnbetie; o6 T R ERORRN A S5y antenna.accor di ng

to an aspect of the lgﬁ{ses.er]t invention; Figure 3 is a
pl an vi ew of Detailgdil2espription mcludiag BesMgdee 4 shows a
conceptual representation of the array nodul ari sation
as pethewf refdiencprie sedt in Ruwg ohe onmdre gfitle &ccompanying drawings to
from underneath of the antenna of Figure 3;
steps and/or features, which have the same reference numerals, those steps and/or features
have for the purposes of this description the same function(s) or operation(s), unless the
contrary intention appears.

As will be understood by the person skilled in the art, in the use of helical
antennas for communication with satellites, it is necessary to have two different sets of
helical antenna elements to provide full duplex operation, i.e. to both transmit signals to
the satellite and to receive signals from the satellite. In particular, the C band satellite 15
spectrum comprises two separate frequency assignments, particularly, a transmit
frequency band between 5.85 and 6.425 GHz and a receive frequency band between
3.625 and 4.2 GHz. The helical antenna elements are not sufficiently broad band to cover
both transmit and receive frequency bands, so two distinct sets of helices are required.

In the prior art systems such as disclosed in US 6,243,052 to Goldstein et al., the
two sets of helical antenna arrays are disposed side by side, one array for transmitting and
one array for receiving. This physical separation has traditionally been necessary in

duplex systems. The power of the signal from the transmitting part of the array far

outweighs the power of the signal received at the receiver, by many tens of dBs.



10

15

20

Figure 6 shows a nodell ed beam pattern of the antenna

of the present invention;Figure 7 shows the helix
wa@eiogns@odi scl osed in International Patent AppPCTAURWN001430

NO. PCT / AU03/00690; Figure 8 shows side and pl an

views of the antenna in Figure 7; and APPENDI X A

contains an extract of relev@nt material from

International Patent Application No. PCT / AU03/ 00690

(WD03/107483). Detail ed Description including Best

ModeAWediagrtef £ifcaistlssedngiearigementy the arapemitosel edceivbehelical

acconpanyi ng drawi ngs to steps and/or features, which

anté}ﬁl\éeelérﬁé’n@ ﬁ%ﬁnfe@fa?é’d%% t8 YR r8duck HRS fred t &RSre@NHl6OHtain a full
features have for the purposes of this description the

s) or operation(s), unless the contrary
dulﬁ t{lﬁféﬁaha%géars As will be understood by the person
| the art, int se of helic ant ennas
PE% WS th lgtssrateﬁ qna; Wﬂnge’ﬁ'@’éateg%caf ng go Hg‘?/ dresent
'tmo dlfferent sets of helical antenna elenents to. )
disglpgye.d el Heyintegenipd belicsh aptgnnp airay 180 qopsiplistaf 2 phialitytof helical
signals to the satellite and to receive signals from
ant¢rine derneith 308 . artangghend sugparted tolnea Gadea@D. s itkdrl types dSantenna
spectrum conprises two separate frequency assignnents,

clefaiith ingdyl B¢ biyed, AoweRrSfiall dase) e GinspdftheDaNRa klémeéts and the
and 6.425 GHz and a receive frequency band bet ween

recavitigOait 431% shmgi @g@;}é 3 %?%o%t g&ﬁ@% %%ﬁnﬁ)nhﬁ]gn@(fg the, inter-

not suf I CI ent y broa cover trans

. f di
k5304 S AP by Bt
di sc] osed .j n US6243 052 to Gpldstein et al., the . two
set it diseloged amangement traRsaitipg afeups cbamaty dreyinterspersed

side, one array for transmtting and
with receiving antenna elements, eliminating the need for two separate areas or regions to

provide a full duplex operation. Antenna elements 300 may be provided by any suitable
helical antenna as known to the person skilled in the art, including that disclosed in
International Patent Application No. PCT / AU03/00690 (W003/107483), the contents of
10 which are hereby incorporated by reference (see APPENDIX A).

It will be noted that some of the antenna elements are shorter than others. In this
particular case, the shorter elements are the transmitting elements and the longer elements
are the receiving elements. This difference has no bearing on the present disclosed
arrangement, and is illustrated accordingly to clearly show the interspersed or interleaved
nature of the transmitting and receiving antenna elements. In practice, all the antenna
elements could be the same length or in fact, the receiving elements could be shorter than
the transmitting elements.

According to a second disclosed arrangement, the base 200 is constructed from a

number of base modules 210, 220, 230, 240 (as can be seen in Figure 2) and also base
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one array for receiving. This physical separation has
traditionally been necessary in duplex systens. The
w@owen3dl t he signal fromthe transmtting parPCDAURIN6/001430
array far outweighs the power of the signal received
at the receiver, by many tens of dBs.According to a
first disclosed arrangenment !lthe transnit and receive
helical antenna elenments are integrated so as to
further reduce the area required to contain a ful
modulp$ 820.260,870 iané 280t (es MartheEisgen én Fighrevd; keing atpdgr atesdof the
antenna arrangenent according to the present

disélosadl Bspenent b€ Figtiregy.at ed hel i cal antenna array 100
consists of a plurality of helical antenna el enents

300 idsaied niadies YRBP blfdrion ngx %Scﬁan%%ﬁngagﬁné ¥RGRnts and

of antenna el enents may "be use however | cases,

ekl AART RS SIMROA AUBRL 50N 1 £38) oo o

i, npr. the interelerent isolation, unless the system .
moglp 24 Oyl SXaminlirib Cat Pengeon it dees moHu 1P-syaperEs. ol ransmiting
hi this disclosed arrangenent, transmtting antenna
antennarpiements 320 prd Erus peqebdiag ontetmner dements Ag0a mwdules 220, 230
el ements, elimnating the need for two separate areas
ando24Q, eggetires definmgatie detea pétihbterl uf bese 200 sanilaty. suppbr resbective
el enents 300 may be provided by any suitable helical

setPoHtEMBAItARg kitDWeivgldifnRgERMRnEki | | ed in the art,
i ncluding that disclosed in International Patent

Appl E&%@O@?S %fgo \?\E‘%H{D o gﬂﬁ{ep{}%%%&ﬁ@&%%ozé(g@gg 2h8Sentral base

contents o ereby I ncor porate

I ef nce .(see APPENDI X A).. 1t w.l| be.noted.that. sone
mofie 8! ik AR St dilive skt A dronb i angy BECiye ntenna

this particular case, the shorter elenents are the
eleetffsnitting el ements and the |onger el ements are the

receiving elenments. This difference has no bearing on

t he lomek gnun@ﬁrstgoéﬁ@tja base 200 may be any suitable shape and may be made

up of any number of a plurality of base modules (i.e. two or more). Furthermore, this
modular disclosed arrangement need not be limited to use in an integrated antenna array
according to the first disclosed arrangement, but may equally be applicable to an antenna
array solely used for transmitting and an antenna array solely used for receiving.

Furthermore, the number of antenna elements per base module may be varied
depending upon the requirements of the particular array and indeed, a base module
making up a base need not support the same number of antenna elements as another base
module making up that base.

It will be appreciated however, that manufacturing benefits will be achieved by
having base modules of the same configuration. In the embodiment shown in Figure 3,
only three different module designs ((210,220,230,240), (250,260,270) and 280) need to

be implemented to provide a full base 200.
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arrangenment, and is illustrated accordingly to clearly
show the interspersed or interleaved nature of the
W0 e@n®siodt i ng and recei ving antenna el ements. PEI/AU2006/001430
practice, all the antenna el enments could be the sane
l ength or in fact, the receiving elenments could be
shorter than the transnittrﬁﬁ'elenents. According to a
second di scl osed arrangenent, the base 200 is
constructed froma nunber of base nodul es 210, 220,
230, TiHg 0 disalsehnaangsment i provdgur siglificamtd aslvamtages in design,
basenodul es 250, 260, 270 and 280 (as further seen in
mathifadiigng, stdieie) Gramsiurg Mmathewarak dndeingiaHgticds eth particular, a single
arrangenment of Figure 2). These base nodul es each

bas® WRRAIL may BL %s&f intd ARSwEr b iaﬂﬁnﬂa[‘&ﬁé%aaln@ll@ﬂ@q{sélf 3l to modular

recei ving antenna el enents. Specifically, referring

o e BRI GRPEL 8 SIS NGe 398 fnrine o

four transm tting antenna el enents 320.and four )
Pl“ﬁag‘gyei‘\fi Wﬁﬁ%f SRnr JNBTFe SPRVERIEHE than StoRiE, 2Bd Basposiag whole

and 240, together defining the outer perimeter of base
assgrpgigled Hpses|of Aniensy pays: Peespingtelled manwnyicetmanslge beifpglitated
and receiving antenna el enents. Base 200 is al so made
by tip ofodfilar tdesign hiasthatnifdparisso26hB, aréitha #Av4y areddareagiedadr become
base nodul e 280, each supporting a respective set of

othérivagtsibr-funBGorng it /29D pwsiﬁﬁt@@ﬁﬁg@l 1RPRBS Sne hodwid dather than
be understood that a base 200 may be any suitable

have BRS1RBY: mde up of any nunber of a plurality
aof %gse rr% urgs (a??e. two or nore). Furthernore, this

nodu) ar_.di sgl osed angenent ed.not be limted to
noe R Y 83 R AR o R oo T gl b can be
cus&b%%aé%bfs&g? gr%g(}p%{ﬂrqgg%% Irr]lgﬁufg&hre gntgn%%alll!o%ulgs? For example,

referring to Figure 3 again, module 280 may be used by itself to provide an array with 12
antenna elements. In another design, module 280 may be combined with modules
250,260 and 270 to provide a different antenna configuration. In another example, base
200 may be provided without the internal module 280 to provide yet another antenna
design.

According to yet another disclosed arrangement, the design of the antenna array
allows the use of a combination of printed transmission lines and cables for use in
connecting the antenna elements to the feed components. The term “printed transmission
line” is taken to include microstrip and/or strip-line implementations.

As illustrated in Figure IB, traditional forms of connecting each radiating element
to a feed element is by way of printed transmission lines. One drawback of such systems
is that printed transmission lines can result in significant radio frequency leakage or

interference between adjacent lines of transmission or receiving transmission line
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array solely used for transmtting and an antenna

array solely used for receiving. Furthernore, the
woeneneseoof ant enna el enments per base nodul e naRCTAU2006/001430

vari ed dependi ng upon the requirenents of the

particul ar array and i ndeed, a base nodul e making up a

base need not support the sahe nunber of antenna

el enents as anot her base nodul e maki ng up that base.

It will be appreciated however, that manufacturing
neterkefin deplek slystbms Adhilewndrepsigha \dttlegudtimsecanmatabreis lohg tracks of

the sane configuration. In the enbodi nent shown in

prifftedJlifie®, Besulbink yin VidifRnslof pewardf thosigh#l apphédSthe antenna element
((210, 220, 230, 240), (250, 260, 270) and 280) need to be

froth TR &EBRa8Apt0 provide a full base 200. This disclosed
arrangenent” provi des significant advantages in design,

manuf act ur.i : pQrt, int C ‘e
ARy, GHOG0E. phERIRESE! co LR S Vgt of
be used ip_.a numher of antenna arrays gnd | engds .jtself
chalgEi 0 i ARIHE LS ARHRS onhor SLothR: SGMeRss HpArgRAIES over the
It will be clear that storing and transporting a
baspy| Fhegei prblgms el gkassrbatedrbyr thapriatedorapemission lineswhich attenuate
storing and transporting whol e assenbl ed bases or

the derdesngral. alhadsgre€nt ettennsticd is eldpertantneretieriegsthray theel math that the
be facilitated by the nodular design in that if parts

sigrfl hided ahve? AlchgAthe AanshRsioA MR C ARbrdILE9NEs QlBEdigRals travel
non-functioning, it nmay be possible to sinply repl ace

. 0O . i F
differqt Hﬁgdﬂk%ugctﬁﬁ%rgﬁ 2 Rah, @E‘ﬁfents loﬁiﬁgél ?dg gléﬂ%}%aﬁt%%tfons around the

array. vant age ot t ar

' ' h be,. d '
o550 B oA S0 R B AR s o
e TR o LS 2 BB e 250 e

reducing the directivity and increases the side lobes.

The differences in signal paths in the transmission lines also produces variations
in the phase of the signal applied to different antenna elements at different locations about
the array, which further reduces the ability to predictably control the beam pattern.

Accofdingly, this disclosed arrangement provides for a combination of cable
connection from signal input or to signal output ports, to sub arrays of antenna elements,
which then connect the cable output or input to the individual antenna elements by way of
printed transmission lines. This disclosed arrangement is shown conceptually in Figure
4, where there is shown three sub-arrays 300', 300" and 300", each having a series of
transmitting antenna elements 320 and receiving antenna elements 310.

Looking at sub-array 300', transmitting antenna elements 320 are connected
together via printed transmission line 225 and receiving antenna elements 310 are

connected 10 together via printed transmission line 221. The spacing between the printed



10

15

20

antenna el enents. In another design, nodule 280 may be
conbi ned w th nodul es 250, 260 and 270 to provide a
walpdof7esent ant enna configuration. In another eRrEAU2006/001430
base 200 nay be provided wi thout the internal nodul e
280 to provide yet another antenna design. According
to yet another disclosed arfdngenent, the design of
the antenna array allows the use of a conbination of
printed transm ssion lines and cables for use in
transonsset ling 220 eintencomneciing] thaeransmitting I’aatefna&cblements 320, and the
conponents. The term"printed transmssion line" is

pritfitadk @ansndisditie linel22 Ninkdrogtnettingothe réveivilig atetria@ements 310 is made
i mpl ementations. As illustrated in Figure IB,

suffi&@l‘i’t’ fo' ﬁ’r‘&@idef Ak MWsifdd 519915}&0&' @Qaﬁ&? Betvwrdh dhd ?@nﬁﬁi@t’i@ bntenna

feed element Is by way of printed transmssion
e 870 08 P B P D, b e o
oL GRS T ) SR o AR BRES e 21

| i nenetworks in duplex systems. Furthernore, %nal o
congegtedh Emﬁméhﬂ&:@mméfcgqﬁ by aahle 80+ Sutermsayst 309F iand &P0|"i ave similarly

resulting in variations of power of the signal applied
conhectedhhe ant enna el ement fromthe antenna input. As

previously discussed, problens are caused due to the

var i mhirlédty neim@ﬂﬁhaqéﬁfeu&!eg&é o fisol £Rd ibefvsth Pntnfia elements on
applied to the antenna el enents distributed over the

diffRRRE sutl B8R, RIPIR- SR Lﬁélﬁuat . %ﬁ{}g?% ?{g%a%’ ft6e Eg %'Btell%«%en printed

transm SSI on lines

g PR ALy BT o TR B0 G R o
transm ssion |ine, Accordingly, as the feed signals
gy oieh 8 POR; e 0t e cpacind ket per e MRARIse) Bevssion line

| ocated at different positions around the
interconnecting the transmitting antenna elements on the sub-array 300°, and the printed

transmission line interconnecting the receiving antenna elements on the sub-array 3007, is
made sufficient to provide the desired amount of isolation between the said transmitting
antenna elements and the said receiving antenna elements.

The use of multiple cables to connect sub arrays directly to an input signal
source reduces the effective length of printed transmission lines thus reducing the
instance of signal degradation, and also reduces the amount of radio frequency energy
leaking into the receiver tracks.

It will be appreciated that in some prior systems which use only cable
connections to each antenna array element, a large number of cable connectors are
required to connect every antenna element to the input signal source, increasing

manufacturing and installation complexities.
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array fromthe feed input, the ultimte signal power
applied to the antenna el enents can vary quite
wale@nmasdoerl | y. Such variability reduces the peP¢DANENN6/001430
of the antenna in reducing the directivity and
i ncreases the side | obes. The differences in signa
paths in the transm ssion I-ilfes al so produces
variations in the phase of the signal applied to
different antenna elements at different |ocations
abouthit higschosed arrangxinednt fpuotities a natue ddentdhef advdntaggs tiom both
predi ctably control the beam pattern. Accordingly,
systehiss di scl osed arrangenment provides for a conbination
of cable connection fromsignal input or to signa

?%ﬁ}éﬁﬁ&ﬂﬁrg the dﬁ@ of E‘&bll@sr a[c@éfr?lil%f todhis Qi‘i's‘&ﬁ)stgé(l) %?%ggeﬁlenv‘ﬂo%ﬂes the

connect the cabl e output” or I nput

indi vi ntenna el ements by way of printed
ﬁﬂ?ﬁ%ﬁ%ﬁﬁé@%@%‘lines. Thi s disclosed arrangenent is

shown conceptual ly.in Figure 4, where there is show),
¢ hr &8 Thegisapt a%l%@eg cabigprovifés amgehanisah o Do lﬁg%gh level
series of transmtting antenna el enents 320 and
of rediodisguarcyangeah mleéioegn@m'@nzh@hlghcp@memgl transmifrandrvieny low level
300", transmtting antenna el enents 320 are connected
rectivg eiighals. Thia ipessaitatitd suppsnifels doplex comn2Afcation] which is a system
recei ving antenna el ements 310 are connected 10

reqhieRM E6r MbR bRsddBhRTcdniR RSBt Rh RfvékBe 221. The
spaci ng between the printedtransm ssion |ine 225

| nt %)Gﬁ{éﬂﬁ%to%gm%éaﬁn% E?orl]e?srBrB{nPInglg@xggc%P Ig‘i%?%l OWRPE %gon from

and t'he printe ransm ssion connectl

t.he.r iving antenna el enents, 310 i s made suff.icient
theyiffi; P it d P Subattt Aiotsiesy so eattig Get dscriviing aray
ransm tting.antenna el enents 320 and the receiving . . ..
Peréﬂﬁmeﬁ%ls QPERddN daros Gbrnavimiring e shicess dietiviy andaningnizing
connected to antenna input 400 by cable 600 and
the gntenmaside lokassmi ssion |ine 221 is connected to antenna
out put 500 by cable 610. Sub-arrays 300" and 300'" are

si md)arieyuse of printed transmission line which are typically used to provide the
interconnections between array elements and the antenna feed connection, would lead to
signal attenuation which is proportional to the length of the transmission line, such that
remote antenna sub-arrays would not have identical signal amplitude as to the closest
elements - the use of cables to bring the identical signal to a smaller array of elements
reduces this problem;

d) By having integrated sub-arrays with small number of antenna elements
connected by classical transmission line techniques, enables the number of
interconnecting cables to be reduced and also allows the antenna performance to be
optimized by ensuring the antenna can be constructed in a series of concentric rings with

different spacings of Tx and Rx elements at different spacings.
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connected. In order to maintain the desired degree of

i sol ati on between antenna el enents on different
w@aiw7msdoays, simlar considerations apply in rBOEAU2006/001430

spaci ng between printed transm ssion lines as apply on

a single sub-array. Thus, having regard to a pair of

subarrays such as 300" and -3060", the spaci ng between

the printed transmission line interconnecting the

transm tting antenna el enents on the sub-array 300",

and Thes for Exengnletaamgregai do Figure 3i theerecziving @hienga element 310

recei ving antenna el enents on the sub-array 300", is

is avaelab& Wit rigtTtrededvifs AveAle: dl&iRertlsSint €igk @amtitin@fantenna element
i sol ation between the said transm tting antenna

32 ICRnTh AR o Hﬁ% SRittnkRRGHY Eﬁ@nﬁi‘&l@@@ﬁts%ﬁﬁﬁﬁt ﬁlsidglt’tf/ﬂ and is

use of nultiple Tables to connect sub arrays direct

conéc?nt%?i dvn{ﬂgg&tefﬂé% %!f Wit (Elﬁel rﬁeec%}{,(ies Sa}‘l eglaaﬁ %Fe%getn{t ﬁ:lOl %ngtn;]ember.

m sSi on es’ t
. i.nstance of .signal degradatjon, and also reduces the
il ihegeoa e gnieney BEREN: Qﬁb}sgaymﬁ@a@i 2 FiRg &1 fereiving antenna
receiver tracks. It will be appreciated that in sone

clepents thadyligsdnsidevei.canduisecoaenjrie atithe the ning mifi whish tthe &apsmitting
antenna array elenment, a |arge nunber of cable

anteonrdahart $28rie armegnbere Bitndlad pntihe dtanevitting amemneement 340 is a
el enent to the input signal source, increasing

meABBUb RS ki JTdraABditins hateh@d LlomeRR TRAtaIdstihade gﬂiafid is concentric
0

di scl osed arrangenent provides a uni que blen

M T L R A

br OVAﬂﬁc?ug%hﬁig];thla |30Hfugtgatgsfj \allr?netxgl%leﬂcé: in which the antenna array 100 is
circular, the approach of having integrated sub-arrays with small number of antenna
elements connected by classical transmission line techniques enables antenna arrays
having other shapes such as elliptical, or even square or rectangular, in which the
transmitting and receiving antenna elements are arranged along respective alternating
concentric curves of appropriate shape.

Hence, the configuration of the individual helices remains fixed in terms of
constant pitch and design, and the spacings between elements is altered to optimise the
antenna performance. The use of standard helical antenna elements is advantageous from
both performance and ease of manufacturing.

Figure 5 is a view from below of base 200 of Figure 3 and shows a specific
embodiment of the concept illustrated in Figure 4. There can l?e seen the disclosed
arrangement of printed transmission lines on the reverse, or under side of base 200.

Looking at base module 220 for example, the printed transmission line 225 provides a

transmission path for signals to be fed to each of the transmitting antenna elements 320



a) The use of connecting cables provides a nechani sm
for providing a high level of radio frequency signal

wWo sohmsdoon bet ween the high powered transmt aPdr/&B20p6/001430
|l ow | evel receive signals. This is essential to ‘
support full duplex conmunication which is a system
requi renent for nost broadbang.conmuni cati on networks;
b) The use of connecting cabl es provides identical
si gnal power connection fromthe input of the antenna
t o thrbeghsedpedive aputerdii| Ganection poisERT BHvidiedn e canbdom for a
array performance is optimzed in terns of maxim zing .
t headetngirshawnli whishtvrouldtby atigvtiedst niendnd b @i P22 @ tiethaather end to
side, | obes; c) The use of printed transm ssion |ine
whiséigna selittey spicehewn) isalfyovidings epnérdlesignhldnput to the array. The sigual
I nterconnections between array el enents and the
ant®fisa Wik aplitcthe gensral dpput wignal do |othee cetdessfog destling to other base
attenuation which is proportional to the length of the
5t r R ﬁlFSssi on |line, 'such that renote antenna sub-arrays

| d . e id [ [ | | de -
oF osest SSRGS HE YA 55 merB 220 Riovides g cppisieion pat
i dent i | .si |t I , . of el t .
Ir egﬁcdéés: ?et‘:ﬁ?fgg g:?tg géh%amegg%ébe\a%gqrnha ﬁlpglg? gﬁgtg csablc connection
su Eéiﬁ{ ﬂi’%’;ﬁ kt)féﬁs%Ft tﬁé“s“}%nlg}sr}%ﬂ%& Tﬁf&e %H{ex?xgne?en%%ngc % ?91318% gc,)mbiner

connecte assli transm ssion T1ne

enalh @Sk : .
i S RO D S R S R S
100Ppt i M ZeghiRo® PRVIdE B hehiiSo ﬁﬁ&ﬁﬂ@ﬁl}"}g&gt@a PR R0 base

- in a series of concentric rings wt ifferent
spagi.ngs of Tx and Rx elenments at different .
spaci ngs. Thus for exanple, having regard to Figure 3,

the recdligirag s GopoRar RhRtmte G thaSsn@tiie Ehﬂﬁf 19 anfinna armay
ring of receiving antenna el enents, and the
t r desipmi Figined relatestn e EbCe@nBinory 35T-75B Copol Freq=6.1 GHz phi=90dey.
It will be appreciated thé,t W]]hﬁ‘r this particular embodiment is shown in the
' 15 con‘text of the second disclosed arrangement, being thé modular design of base 200, this
- aspect of a combination of printed transmission lines and cables may equaily be applied
. to an integral base desigu,'
‘ Furthermore, this disclosed arrangement may be-equally applied to an antenna
array providing oﬁly a transmitiing :ﬁ.mcti.on or onlsr a receiving function, and need not be
20 . limited to use with an integrated array, In this embodiment, the disclosed arrangement
would appear as in Figure 4 with gub—'arrays 300", 300" aﬁd. 300™ having only the

transmitting antenma elements 320, printed transmission Hne 225, cable 600 and antenna

input 400 for a transmitting antepna amray or in the case of a receiving amray, only

Substitute Sheet
(Rule 26) RO/AU
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320 is a nenber of a ring of transmtting antenna
el enments that lies inside of, and is concentric wth,
wo b@70sqo1 of whi ch the receiving antenna el enePtT/31L2006/801430
a member. Simlarly, the receiving antenna el enent 330
is a menber of a ring of rece| ving antenna el enents
that lies inside of, and is!8oncentric with, the ri ng
of which the transnitti ng antenna elenment 320 is a
menber. Simlarly, the transmtting antenna el enent
recga (g anteunawiineantn 16 printed tonsmissiognfinet 22 gangintablmGl 0 connecting
el enments that lies inside of, and is concentric wth,
thetline t¢ btgnrafouthit SO0t he recei vi ng antenna el enent 330 i s
a menber. Although Figure 3 illustrates an exanple in

whi ch the antenna ar]pha)ist;p‘@ﬁpi,ﬁ%g,ﬁw ar, the approach
of having integrated sub-arrdays wth srmll nunber of

ant eﬁ”‘i@‘@h%ﬁf‘%m St?&v%dtih‘&%/ i ARTIEH ﬁ{ar%gd@gfsﬁg%@ﬂbed are

linete I ques en €S antenna arrays

as el l.i tlca or even square or
ap@g@ﬁgﬁcb@lpgiecom{nmp OISy o st ti ng and recei vi ng
antenna_el enents are arranged al ong respective
al t et yatlibsgmdenstoedthat dhe variaals aspecksopsrthp presert igybien have been
Hence, the configuration of the individual helices
descuorll is thixewhtéxi bErapecifié ernbatiments pand Hthatndhang's vanmtions and
and the spaci ngs between elenents is altered to
modifichtidiie ateh foRiHle Niighip efht 0§odBO CH. thEh@atiGs @dpedisanfalid! present
helical antenna el enents is advantageous from bot h
invBgidnOr mance and ease of manufacturing. Figure 5 is a
view from bel ow of base 200 of Figure 3 and shows a

S p € cfﬁds aﬁﬁlﬁ%ﬂ' U3 nc{es?(;né)tfgggl}]a% ¢ ne%ﬁ OAlgeg%eg Sérﬁrn%?lyd r?lglgerlrlgﬁ]t antenna

) grl ted transm ssion |lines on the reverse, or under
e elgplg er@ntenna glgments such as printed patches can be used.
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Looki ng at base nodul e 220 for exanple, the printed

transm ssion line 225 provides a transm ssion path for
wWGeegnab®ot o be fed to each of the transm tti ngPEIAB2NN6/001430

el ements 320t hrough respective inputs 226. Connection

poi nt 227 provides an input connection for a cable

(not shown) which woul d be -aftached at one end at

poi nt 222 and at the other end to a signal splitter

(not shown) itself providing a general signal input to

die array. The signal spl APPENDENA split the general

i nput signal to other cables for feedtg to other base

5 nodul es. Printed transm ssion |ine 221 on base

nodul e 220 provides the transm ssion path for the

[ eCeituPg RIhERNAME! GRBBIA Bl héhnGONNAR! bRRRPIddnprises a

222 t0O cable connection point 223 to transmt t

cory B ER GG 10 bR, FReB R Y sBOER Bt Boif B8 Tatormaely
e B T4 HBSRRNED SBcRARY « AUGSIGt AP YhbedieblitRis cectically

el ements to base 200. Figure 6 is the Copol ar ) )
tergimptedr #ethe apper ensleot ﬂ@dse%m 104nyith s spiedl J/l%ﬂe Tha Belivg antenna is
array design. Figure 6 relates to Tx E 1Cut, Theory
dep3d3dd #OBvEppoYerfica g=is.700.GKCz phi =90deg. It will be
appreci ated that while this particular enbodi nent is

showm 4 Prefféifedlémbsamen! tHfhdlidg cRICrmbcdthsieded beleen 1.5 and 3.5
arrangenent being the nodul ar design of base 200, this

turS PEGtvePbr, Jtife? rH%&rn)%H gf‘ggﬁs ear} BE gﬁ?a.r mﬁﬁ&&nﬁeiﬁm 704 is

and cabl es nmay equa applie 0 an I ntegral base

es] Furt hernore, .this disclosed arrangenent may be
oPPERHIARTY QPP L PeT Al R A 4y VB oRan i SuRrytgchee. In
i tti f ti I Vi f tion,
addiﬁ{%r,] ﬁges(gﬁrlﬁg?mb%%pr}sgg beotgvegnn 2 %ncia 4 rtt?r(r:lg,l ixlan at cgrrl]fgl:gulr.'?tinon normal to

the axis 700.

Although the ground plane 706 is depicted as having a circular shape in Figure
7, in fact the extent of the ground plane 706 is not critical, provided that it has an area
greater than two thirds of a wavelength in diameter.

Figure 8 shows a side view 824 of the helix 704 and the spiral 702, and also a
plan view 832 thereof. Turning to the side view 824 the helix 704 has a first end 814 that
is disposed a distance 816 above the ground plane 706. This first end 814 of the helix 704
has a radial position about the axis 700 as depicted by a reference numeral 814’ in the
plan view 832.

The helix 704, when wound in a clock-wise direction produces right hand
circular polarization, and when wound in a counter-clockwise direction, produces left
hand circular polarization. The number of turns of the helix can typically vary between

1.5 and 3.5, however the number of turns can be varied outside these limits.
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20 . limted to use with an integrated array, In this
enbodi nent, the disclosed arrangenent woul d appear as
WO pooFogmwe 4 with sub-arrays 300', 300" and- 3POI/AU2006/001430
having only the transmtting antenna el enents 320,
printed transm ssion |ine 225 cable 600 and antenna
i nput 400 for a transmittind®antenna array or in the
case of a receiving array, onlyreceiving antenna
el enments 310, printed transnmission line 221 and cabl e
610 TBunhelot 70d in Kégurerk demictarmnemsxampls pfin 1808, being wound in a
I ndustrial Applicability It is apparent fromthe above
couhfticldcheisdi Gebise coramerdige Mont the dRstcondlBld aadeomprises three and
applicable to the tel ecommunication industry. It wll

a qiftcl RERY, STROGrdAM of fRart¥PlbRUDNPHRE & it stGirn $12- @lroeﬁ%éﬂond turn

|nvent|on have been described in the context of

808285 thfg TR0 DA S @?51%5?%%%[% LA 803 8Rfer turn 800 of
the Sk 15 RS nas R PrEHoR S el AV v BEPE 9 Fharadigh positon

to helical antenna el enents, other antenna el ements
depigiechby thegriont 838 Whichtie theampenend afcie helPeRPH. XBheipper end of the

shows t he disclosed helix antenna. The antenna
helixaspornnsetsd to themdtet end of e epinad 702 ahe raddg pakidor 838 ch is

di sposed a helical coil 704 (alternately referred to

i N tThesfiegedricp tirf df @se Welix T4 Whichaxtdhab ifiead thedirbkt'endrs14 to a
the |ike) that is el ectrlcally term nated at the upper

pon?tngi%ofiesEHEeS e%ﬂla‘ﬁft@] cé@d 5 8hsnld ?m &he f’ﬁ%lbegnauilder of the

antenna 1Is a verti ca axi s

heh%( e&:{g ﬁlrnri ogngrn\g&%lcg%ﬂh a plpc% ang& gfd Wctﬁch cgnoéar%rqb ée%ef and 7
degrees, referred to the horizontal reference line 822. The angle 844 can be adjusted to
achieve a desired impedance at the input of the helix 704. Although the angle is depicted
as being greater than the pitch angle 820, this is illustrative only, and other angles can be
adopted according to the desired impedance. Furthermore, although an abrupt change
between the angles 844 and 820 occurs at the point 846 in Figure 8, in practice a smooth
angular transition can be used.

The angle 844, together with the distance 816 of the helix first end 814 from the
ground plane 706 establishes a distance 828 which is located a quarter turn from the helix
first end 814. The radial location of the distance 828 is depicted by the reference numeral
838 in the plane view 832. The one quarter turn segment of the helix 704 between 814
and 838 forms a tapered transmission line with the ground plane 706. As noted, the
distance 816 can be advantageously adjusted, for example by adjusting the angle 844, in

order to match an input impedance of the helix 704 as desired.
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turns. However, other nunbers of turns can be used.

Furthernore, the helix 704 is approxi mately one
wowooehaigt h pl us m nus 10% of a wavel engt h i n PCT/AU2006/001430

circunference. In addition, the spiral 702 conprises

between 2 and 4 turns, in a flat configuration nornal

to the axis 700. Although tRk ground plane 706 is

depi cted as having a circular shape in Figure 7, in

fact the extent of the ground plane 706 is not

cri t Theahglixp30gviiad acketdrst eridt 742abatain sinaed,gn dlagt presdnh arrangement,

two thirds of a wavelength in dianeter. Figure 8 shows
thred &idde bRy Sizds 8bm! he fvel exd 804 Intle theEx STOUI alThe’ Ogiral 702 is

and al so a plan view 832 thereof. Turning to the side

conb&¥ gggmt (h.gelhéaﬂdi PherkO8k 13 e%eédr{ﬁlséndeg‘@z gilﬂ?et Raix_ 1 at a radial
di sposed a di stance 816 above the ground plane 706.
is, first, end 814 of the LX £04 h r.adi al. .
oo PaeplshL ol Phiend bl Sa8” TER So P B B Bt e
. huneral 814" in the pJan yiew 832. The helix_ 704, when .
pitco atiape SA6. B KIS IngR B the a@mgntrqngﬁwlﬁ%rn gnd that is
circular polarization, and when wound in a

congeiert torthe senordicé 842 pedwibshx, torapduees enil 8¢ of thegspiral 702. Other

circul ar polarization. The nunber of turns of the
typdsadfispiralasantajspivealséds vary between 1.5 and 3.5, however
t he nunber of turns can be varied outside these

i MhSa ?ﬂ_@ﬁerﬂ%ﬁ! drdang&@flerit thd-bsikH §08 i6l RRhEH Sn ANRaRXdiotal to the
of a helix being wound in a counter-clockw se

axiS e %ﬂeﬁitﬁ%&%%@e%@iﬂ §th& afrf'aﬁgém@r#%g%t]tﬁnﬁé@to th% a conical

conpris a qUarter tur ree an

h %garg [ Lgkns co riég a fhrst turn 812-810, a second
SNApT PHISBEIEYE P AR PT SO H B 04- 802, and a fi nal

gquarter turn 800. The final _ quarter_ turn 800 of the
hel i Basteedyof g taperedyirrnsmission ling, Seing; formere psing & pne gyaster turn
arrow 814" to a radial position

segment of the helix 704 between 814 and 838 and the ground plane 706, other

impedance matching techniques such as quarter wave transmission line matching sections
can be used to connect the first end 814 of the helix 704 to the intended communication
apparatus thereby achieving the desired impedance matching,.

The helix can be made of wire, wound on a low loss, low dielectric constant
former to support the helix and spiral. Alternately, the helix can be etched in copper on a
thin low loss dielectric film which is then rolled to form a cylinder. Either method
provides the necessary mechanical support for reliable operation and causes minimal
disturbance to the radiated wave.

This antenna element can be advantageously used in the frequency band between
1 GHz and 8 GHz, however it can also be used outside this frequency band. Furthermore,
the addition of the spiral 702 to terminate the helix 704 is found to provide improved

beam shaping and a significant decrease in the antenna axial ratio. The antenna is ideally



depicted by the arrow 838 which is the upper end of
the helix 704. The upper end of the helix is connected
wao eoovissoout er end of the spiral 702 at a radi aPCT/AU2006/001430
position 838. The first quarter turn of the helix 704,
whi ch extends fromthe first end 814 to a point 846,
describes an angle 844 with?tespect to a dashed |ine
822. The renmi nder of the helix 704 is uniformy wound
with a pitch angle 820, which can vary between 3 and 7
suitgd gfioe dwo-wasf eommnicationtsevih grichiatial vehtslesy apeselsl smaireraft.  The
822. The angle 844 can be adjusted to achieve a
anteleni iseql conpectanee mbfilehadiarpuéxhifitihg eiloalat pokdilation, making it
Al t hough the angle is depicted as being greater than

1de£ll’5’9 sxﬁl'tédcﬂ)ralﬂt,@ \ﬁhég%zet B pérFortdanbl af @ bhtdof ¥uch@8in marine,
ot’her angl es can be a opted according to the desired

| t hough an abrupt change
aﬁﬁﬁﬁﬁgg%ﬁ ﬁgﬁ%ﬁ&?@ﬁ?@%ﬁcgﬁd 820 occurs at the point 846

in Figure 8, in practice a snooth angular transition
can be used. The angle 844, together with the distance
816 of the helix first end 814 fromthe ground pl ane
706 establishes a distance 828 which is |located a
quarter turn fromthe helix first end 814. The radia

| ocation of the distance 828 is depicted by the
reference nunmeral 838 in the plane view 832. The one
quarter turn segnent of the helix 704 between 814 and
838 forns a tapered transm ssion line wth the ground
pl ane 706. As noted, the distance 816 can be

advant ageousl y adj usted, for exanple by adjusting the.
angle 844, in order to match an input inpedance of the
hel i x 704 as desired. The helix 804 has a second end
742 that is situated, in the present arrangenent,
three and a quarter turns fromthe first end 814 of
the helix 704. The spiral 702 is connected by an outer
end there of to the second end 842 of the helix 704 at
a radi al
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| ocation depicted by the reference nuneral 838. The
spiral 702 has a uniforminter-turn pitch distance
W@3®;7/03q001 spirals i nwards fromthe aforenenti oOPETATRI061001430
end that is connected to the second end 842 of the
helix, to an inner end 834 of the spiral 702. O her
types of spiral can al so bé 2Ysed. In a preferred
arrangenent the spiral 702 is located in a plane
hori zontal to the axis 700. The spiral 702 can
Théclabmedefining chhiwventiomargorsefotlews:be fornmed to have a
coni cal shape pointing either upwards or downwards.
Instead of a tapered transnission |ine being forned
using the one quarter turn segnent of the helix 704

1. bet wegan@ddh ave, RahraRfMg: t he ground plane 706, other
i npedance mat chi ng techni ques such as quarter wave

Egﬁn@éﬂ&?ﬁg fiér@te aﬂ%}a C%&Q ﬁﬁ)?]%in%hel Q].}tg 2° #‘ﬁﬁ?ﬁjntuﬁmg antenna
el A TR GoTrL b ARG h AU S A R g3 being

wire, wound on a low |l oss, |ow dielectric constant
arrqngpdran aDases WHEHIR the helix and spiral. Alternately,

the helix can be etched in copper on a thin |ow | oss

di el ect ri ceath lsandwsinb-airay Sutthee reompirisesdatt leadt onmpainted transmission

cylinder. Either method provides the necessary
lineiathastine@ingsup prkdlity of trighiifilentpas alehRAtsaind af Basiesme printed

m ni mal di sturbance to the radi ated wave. This antenna

traﬁ%hﬁﬁﬁﬁlt lirfeAhteRSnALNAR 1@69%9&?&9/ oti$8&ving ahfdfind Eﬁﬁiéﬁﬁc Xnd wherein

band between 1 GHz and \ ovvever it can al so

used out si [ quenc Furi hey
addi tion og e r%wa%l%lt{lﬁg (V7 Ayteg enlts oﬁ {’ %h%gflﬁfe? 3"16‘2{&-‘/5 are
intersperseg n\’\dllt}tl chg rrgé/ell‘glggl nPegng e?ements of the plurality of sub-arrays; and

wherein

for each sub-array the antenna array further comprises:

a cable for connecting the interconnected transmitting antenna elements
to an antenna input; and

a cable for connecting the interconnected receiving antenna elements to

an antenna output.

2. An antenna array according to claim 1, wherein in regard to each sub-array, said
at least one printed transmission line interconnecting the plurality of transmitting antenna
elements and said at least one printed transmission line interconnecting the plurality of
receiving antenna elements are spaced sufficiently far apart to maintain a desired amount
of isolation between said respective transmitting antenna elements and said respective

receiving antenna elements.
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beam shapi ng and a significant decrease in the antenna
axial ratio. The antenna is ideallysuited for two-way

W@ o0ushoeat i ons via satellite to vehicles, vesBEl/aU2N06/001430
aircraft. The antenna is a conpact, |ow profile
radi ator exhibiting circular polarisation, making it
ideally suited for use wheré*si ze and perf ormance are
par anmount such as in marine, aeronautical and | and
transport services. The clains defining the invention
are as follows: 1. An antenna array conprising: a
plurality of sub-arrays each conprising a plurality of

3. transfiahtenng affy atcvadial eoeiim Bnohaeinl the dasd ypoaf which the sub-
recei ving antenna el enents, said plurality of

arra3d RrPdrf A% Sd Q&hﬁxgseé LIARIRY 0?Ba HERRes, WHSH 81 F¥HcSRIaftanged

sub-array further conpriSes at |east one printed

asti&%s_gpr%;i on line interconnecting the plurality of
¢ ansm ting antenna el ements and at | east one printed

transm ssion line interconnecting the plurality of
recei ving antenna el enents; and wherein the
transmtting antenna elenents of the plurality of
4. sub-An eaipanapeay geerdips te ehrimi 3 vherein fin aegayd ) cagh painaf base
el ements of the plurality of sub-arrays; and wherein
modlules, esah at Udrstroneyprittal satsmissiomrlineyintercernecting the plurality of
conprises: a cable for connecting the interconnected

tradsfdtfi i dntdnfe eMdth@Rd an &IneNRt BadeOmadulaNiRNB&ldi 48 dedst ofd Grinted
a cable for connecting the interconnected receiving

trarRRE QAR iﬁ%‘f&ﬁﬁe&ﬁl I gsie ﬁ]ﬂ%ﬁﬁmf PUERg arfenrd b1@REREBA the other

array according to erein I'h regard to each
said® l‘tj)gs'ea{nro%}ﬁe, A gpaced sufficiently far apart to maintain a desired amount of

isolation between said respective transmitting antenna elements and said respective

receiving antenna elements.

5. An antenna array according to claim 1, wherein the plurality of transmitting
antenna elements and the plurality of receiving antenna elements are arranged along

respective alternating concentric curves.

6. A base module for an antenna array comprising:

a plurality of sub-arrays each comprising a plurality of transmitting antenna
elements and a plurality of receiving antenna elements, said plurality of sub-arrays being
arranged on a base; wherein each said sub-array further comprises at least one printed
transmission line interconnecting the plurality of transmitting antenna elements and at
least one printed transmission line interconnecting the plurality of receiving antenna

elements; and wherein



10

15

20

at least one printed transm ssion |line interconnecting
the plurality of transmtting antenna el enents and
W@ 200d/03001 east one printed transm ssion |ine PCT/AU2006/001430
i nterconnecting the plurality of receiving antenna
el enents are spaced sufficiently far apart to nmaintain
a desired amount of isolati-&h between said respective
transmtting antenna el enents and said respective
recei ving antenna el enents. 3. An antenna array
accor di ng the tehanittidg anteenziclendnés bfiske phoalityhoL kub-hays are
subarrays are arranged conprises a plurality of base
intefdp@itee Swithl B ré@hin® fantdahg feldrsentd lod e pl@aligi df sub-arrays; and
sub-array. 4. An antenna array according to claim 3,
whbgrein in regard to each pair of base nodul es, said
at least one printed transm ssion |ine interconnecting

the pluralj of stransmtii .el. ements on one

sai d b&%; S}%%‘ﬁr%:cheaaﬁngﬁn%%iaﬁag%rﬁgggw ﬁsges'pri nt ed

transm ssion_|ipe intercopnecting the pluraglity of

recei vi ng &FAPENIOL COMSTERS @edﬂtequgnqﬂt% ansgliingatenna elements

nmodul e, are spaced sufficiently far apart to maintain

to ag agitesng s@utiebdint of isol ati on between said respective
transm tting antenna el enents and said respective
recei vi ng acdbinfoa cehrenting the ibterodnnent¢derenaivarg ayenna elements to
according to claim1l1, wherein the plurality of

an drft@SPulgutNGh&@BinaRe Bak) RIS cIRTHE JubSirRls bR drianged comprises a
recei ving antenna el enents are arranged al ong

pldﬁggﬁ@#ms@h{o%ﬁ@}dﬁg cHANGERER & Mé‘?‘f% S%? Sﬁi?ﬁ?@ of

or an antenna array conprisin
sub-arrays each conprising a plurality of transmtting
antenna el enents and a plurality of receiving antenna

el enents, said pluraljty of sub-arrays hein
7. antenna arra}e comprisin)é a plureliipty of tra);lsm?tting gantenna elements for

transmitting radio frequency signals and a plurality of receiving antenna elements for
receiving radio frequency signals, wherein the transmitting antenna elements and the

receiving antenna elements are interspersed with each other.

8. An antenna array according to claim 7, wherein the plurality of transmitting
antenna elements and the plurality of receiving antenna elements are arranged in sub-

arrays.

9. An antenna array according to claim 7, wherein each sub-array has at least one

transmitting antenna element and at least one receiving antenna element.

10. An antenna array according to claim 7, wherein each sub-array has a plurality of

transmitting antenna elements and a plurality of receiving antenna elements.
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arranged on a base; wherein each said sub-array
further conprises at |east one printed transm ssion
wO eve/03qoder connecting the plurality of transm PCT/AY2006/001430
antenna el enments and at | east one printed transm ssion
line interconnecting the plurality of receiving
antenna el ements; and wher ef%it he transmtting antenna
el enents of the plurality of sub-arrays are
interspersed with the receiving antenna el enments of
the plurality of sub-arrays; and wherein for each
sub-array the antenna array further conprises: a cable
11.f or Awnnkahd agay hecirdingr toociniac t7e dviierain 3 plurality eoft eanmitting
el enents to an antenna input; and a cable for

ant<hRANEGhENG it RAe | ITHAE GAPRRGYEdrd 86ietied Go R MiBer via a printed
el ements to an antenna out put; wherein the base upon

e 3 ADOSE AR st i
cab@gqrpg?tﬁg%ﬁlgralit%h(?fuq%g‘gfl%rﬁénp; g}p&pﬁn?s? {nﬁﬁn@%qﬁ%ﬁ are connected to

el enents for transmtting radio frequency signals and
eacly ofber vigl g segonst prinded fransrassion bnmanddhe sesepd prigfed transmission line
receiving radi o frequency signals, wherein the
is comentedite & siggalanimrivi ieeomheabland t he recei vi ng
antenna el enents are interspersed with each other. 8.
An antenna array according to claim7, wherein the
plurality of transmtting antenna el enents and the

12. P! U} labienf af:86 RbitbRGINAN BRRRLS o BN Mnéifd A19@shsmitting

i n subarrays. anténna array according to claim

J,-.wherein C ' - al. X t . e .
o 05 SR 250 R GBI sy of s
elengeen%se lb?:/llngrg] %is%nnlt)uetgc? gn eaI bearsree,nv%herein the base is made from a plurality of base

modules connected together to form the base.

13. An antenna array according to claim 12, wherein each of the plurality of base

modules has some of the plurality of antenna elements.

14, An antenna array according to claim 12, wherein the some of the plurality of
antenna elements disposed on a single base module are interconnected by way of a

printed transmission lines.

15. An antenna array according to claim 12, wherein the plurality of base modules

are connected to a signal input or output by way of cables.
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10. An antenna array according to claim?7, wherein
each sub-array has a plurality of transmtting antenna
webk@mestosl and a plurality of receiving ant ennaPCT/AU2006/001430
el ements. 11. An antenna array according to claim?7,
wherein the plurality of transmtting antenna el enents
in one of the sub-arrays ar¥ "connected to each ot her
via a printed transm ssion line and the printed
transmssion line is connected to a signal input via a
16. f i r #n @atshea andyt ssoypling 40 i dgimofl2y edwerejn rife aivtehya of antenna
el ements in the sub-array are connected to each ot her
elenvdnds énchwizoB thlpralint of transiniting Jinteink i shemansl foheransmiiiigg radio
printed transmssion line is connected to a signal
freq@EdPUSighd1® &hdS 8CRFALGRRY Gecelding Atchih &R Mf8Y receiving radio
conpriSing a plurality of antenna el enents for
m.t.ii ng radi o frequency signals and/ or receiving
freqbé@&%&%&quency signals, the plurality of antenna
el ements being distributed on a base, wherein the base
is made froma plurality of base nodul es connected
together to formthe _base. 13. An_antenna array )
17. acc ¥ PRrEMA0AEIARGPEIHNE {thelebn  2e adirrest eagheolpthgPiprality of base
of base nodul es has sone of the plurality of antenna
modlesmipast somel 4f thien phmaléy rd teansatting cotedina glangentd andnso@e of the
wherein the sonme of the plurality of antenna el enents
pludiiyRgsedivne antehadii@ngase nodul e are interconnected by
way of a printed transm ssion lines. 15. An antenna
array according to claim12, wherein the plurality of
base nodul es are connected to a signal input or output
by f _cabl es, . ' -
18. Y o 5 23R poBr SRS St 365 80 87 ¢ gttty of
include a plurality, of transmtf{ing antenna el enents
tranpig{iting apema §iPRGNS SiAPesH ahp éwg[f g Adle g dnigreonnécied by a
plurality of receiving antenna el enents for receivin
firstrpyifites] transmission line and the some of the plurality of receiving antenna elements

are interconnected by a second printed transmission line.

19. An antenna array according to claim 12, wherein the plurality of base modules

are connected to a signal input or output by way of cables.

20. An antenna array according to claim 12, wherein the first printed transmission
line on the single base module is connected to a signal input by a first cable and the

second printed transmission line is connected to a signal output by a second cable.

21. An antenna array according to claim 12, wherein the base forms a common

ground plane for the plurality of antenna elements.
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frequency signals. 17. An antenna array according to
claim 12, wherein each of the plurality of base
worp@aha®ohas sonme of the plurality of transm tPCTIgU2006/001430
antenna el enments and sone of the plurality of
recei ving antenna el enents._18. An antenna array
according to claim 12, whefr®&n the some of the
plurality of transmitting antenna el enments di sposed on
a single base nodule are interconnected by a first
22. pri ot meduledosnbassiforan dntenna arfay.ike Bodelegpmpheing:
plurality of receiving antenna el enents are
i rat gort fornecéieighyt leass enondicpnd vleawnt fanadiating @n redeivdng radio
19. An antenna array according to claim 12, wherein
freqhiiRyighagt i ty of base nodul es are connected to a
si ghal i nput or output by way of cables. 20. An

ant : ' i r el hg .f j.r
o Aol GRHrA0h Hoprhol SofhBiHl Hamalt] & BobMe) di1Bdst one
connected to a signal input by a first cable and the
anteggg:glﬁa‘leﬂ'g,iaﬂ ed transmission line is connected to a
signal output by a second cable. 21.. An antenna array .
acc GregnpRFierdor parmasting thoaented frapsaisgan Bne Ky Heable o5 fieptical
ground plane for the plurality of antenna el enents. 22.
conrectionl td an inpnt @ dpasdpit of thersigimatsenna array, the nodul e
conprising: a port for receiving at | east one antenna
el ement for radiating or receiving radio frequency
signals; a printed transm ssion |ine for conducting

23, Si 9Nl du® B 4 HAD P 8n BhtdnfifSbra %@ccﬁﬂﬁ@ggaclﬁh?ﬁ@,n&/herein the

and a connector for connecting the prinf

moc{‘urleaf]u%}?els gc;rgprhsleg NSedofld %orct q’gll r%céiQirng %l sg&;nrdi a%?énna element.

24, A module for a base for an antenna array according to claim 22, wherein the at
least one antenna element is a transmitting antenna element and the second antenna

element is a receiving antenna element.

25. A module for a base for an antenna array according to claim 22, wherein the
transmission line is for connection to the transmitting antenna element and the module
further comprises a second printed transmission line for connection to the receiving

antenna element.

26. A module for a base for an antenna array according to claim 22, wherein the
connector is for connecting the transmission line to the signal input and the module
further comprises a second connector for connecting the second transmission line to the

signal output.
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connection to an input or an output of the signals.
23. A nodule for a base for an antenna array accordi ng
wWa@ eooclozdom 22, wherein the nodul e further conprPGEAU2006/001430
second port for receiving a second antenna el enent.
24. A nodule for a base for_an antenna array according
to claim22, wherein the at*least one antenna el enent
is atransmtting antenna el enent and the second
antenna elenent is a receiving antenna element. 25. A
nodul e for a base for an antenna array according to
claim 22, wherein the transmssion line is for
27. connachihiennd arrhneompesiagid plurdity of enteane | ebomaits fordiradseitting
nodul e further conprises a second printed transm ssion
and/ bPFecEiQ[ng%ﬂﬁeﬁ&q&ﬁcﬁ Sighfls, WE&G8inVthe PLAATit§ HTAnRInAARMments are
26. A nodule for a base for an antenna array accordi ng
arra%lged:' asiuﬂja%%gs.mer ein the connector is for connecting
e transmssion line to the signal input and the
nodul e further conprises a second connector for
connecting the second transm ssion line to the signa
out put.27. An antenna array conprising a plurality of
28. ant éMhantenenasrRysacrending torridim 27, yhesgin fhomipraaslgmenys arranged
radi o frequency signals, wherein the plurality of
in agingbnareaysire nemtested te eznhrodingy dt ai pringedotransmagston 188,  An
antenna array according to claim 27, wherein the
antenna el enents arranged in a single array are
connected to each other by a printed transm ssion

29. | I néyy 2Ren Bt REORAIRY o aiRfCL0 WhePdn HR fitdédhdrsmission line is
whereln the prifnted transmssion line is connected to

conflecidd3d sién'l? HltpuP br @siﬁtixaq %ﬁ{pu?b’& RUipiby a cable.

30. An antenna array according to claim 27, wherein each sub-array has at least one

transmitting antenna element and at least one receiving antenna element.

31. An antenna array according to claim 27, wherein each sub-array has a plurality

of transmitting antenna elements and a plurality of receiving antenna elements.

32. An antenna array according to claim 27, wherein the at least one transmitting
antenna element is connected to a signal input via a first cable and the receiving antenna

element is connected to a signal output via a second cable.

33. An antenna array according to claim 27, wherein the plurality of transmitting
antenna elements in one of the sub-arrays are connected to each other via a printed

transmission line and the printed transmission line is connected to a signal input via a first



30. An antenna array according to claim 27, wherein
each sub-array has at |east one transmtting antenna
webk@mestooand at | east one receiving antenna el BOIBAU2006/001430
31. An antenna array according to claim27, wherein
each sub-array has a plurality of transmtting antenna
el ements and a plurality oT“?eceiving ant enna
el enents. 32. An antenna array according to claim 27,
wherein the at |east one transmtting antenna el enment
cable end threnplutadity obiransgiitginglanienpa elexients an ther sib-asedy ase gompected to
the receiving antenna elenment is connected to a signa
caclDothpUiia Misacondseitsitirashlisiondte abd thaseeond prnted yransmission line
according to claim 27, wherein the plurality of
is cdnBREMd 4 4188al JNEPAPDR eBsRIdaBle. N One of the sub-arrays
are connected to each other via a printed transm ssion
line and the printed transm ssion line is connected to
a signal input via a firstcable and the plurality of
transm tting antenna elenents in the sub-array are
connected to each other via a second printed
transm ssion |ine and the second printed transm ssion
line is connected to a signal output via a second
cabl e.



