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-1- | MPROVED ANTENNA ARRANGEMENT Fi el d of the

I nvention This invention relates to antenna arrays,
and particularly to arrays containing nultiple
radiating elenments in the formof helical antenna

el ements. 5 Background Antenna systens such as those
for use in'" satellite conmunications are often
required to operate on structures for which space is a
prem um Exanples of such applications are a
satellite antenna on a warship, or on a nobile

terrestrial vehpREVENANTERVAARRANGENENS SO an

i mportant factor. 10 In these situations, traditional

par abolic reflector aﬁ%ﬁﬂﬁﬁﬁeﬂﬁﬁnﬁﬁﬂ practical as
they are both heavy and require a relatively |arge

vol umgy of: SDRAGE rbifved'tY %gleﬁng a(}ﬂﬁg, %(%1\8/ &ag%ggﬂpglr) NGhys containing

ot her "antenna systens ve bee use in
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R AR e o ) el gl PP €

of individual antenna el nt.s through which the
antenna radi ation patterﬁ%’nm'bnép 15 control |l ed by

ont At ! SRS RS Lo AR08 o

TR LGP S EIOL REHES Pat s o Bty cparples, o, sch

of .a network o& radi o frequency transmpission .el epents
2pplieatigns 457  FRITIHIC 2PICERAGH SRTIHP A AR n%°§]ﬂ§ Frrigelighyghicle.
signals tq each antenna elenent_froma main feed i nput

or  2&UpBnisipg Weighiis alsepyMROTEN s a typical helica
antenna array 10 having a base, 20 supportigg a )

pl ur alln these situstionse fpditional pambelicerrdagiar atonngd, arefipt prastical as
may conprise an assenbly of ) .

they are both heavy and require a rélatively 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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metal ground plane, dielectric substrate material and
printed transm ssion lines. -2- Figure 1Bis a view
from bel ow of the antenna 10 of Figure IA showi ng a

typi cal feed network 50 to feed signals froma signha
splitter 40 having an input for receiving a drive

signal and nultiple outputs for feeding the required
signal to the appropriate ahtenna elenent(s). 5 The
feed network 50 is typically formed by printing

transm ssion lines onto the base 20 as will be

under Figre 1Byistheiepefranbeloki of &d antenat0 of Figuas 1A, showing a
exanpl e of a helical antenna array is shown in US

tHpi2d @b RetivorkGH0 ds feedrsignpls fadm ai signahisplfitet WO havingyan iapet for

- di sposed side by side, one array for transmtting

1Beciving 9 aive sipind aat heultipler aypul forr feeding ithregregiigeniabignal 10 the
Anot her problemw th prior art systens is the

&Ppfdptietd lahi¢niatléfidneE)yai ni ng control over the beam

pattern emtted by the antenna array. Many factors

cont r i &dinRtvdik SO is HpicallyCirhed by prédiingitfAgsriibdon lines onto the
variability of characteristics of feeding signals

. 020 £dvillBeub@erstiadt BNRSpRbRRNMES itkh bet.i but ed over the

base. These probl ens are exacerbated by the printed

t r ans S RBlel dFAGR1W hstBniitab8 ) iAhewh REUR &3 059 BGoldstein et
The degree of attenuation is 15 dependant on the

1SRN cPhvd ffayP aiehlﬁéﬂaeéd &&%ﬁé&@é} dhe BRsy fop ntaﬁsm&iéxg%ig%@ and

the transm ssion I'ne. Accordingly, as the fee

%{egﬁ@ﬁm&&?‘\gg{:ﬁg}%@%@a nt di stances to reach antenna

enent s cat | fferent positions around the
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Systeth \ D €ss this pr
aql chind ‘Helibnts distributed over the base. These problems are exacerbated by the

)

Ve

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 perfonhance 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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del i berate attenuations throughout the transm ssion
line network to maintain a consistent |evel of
attenuation. Cearly this adds to the conplexity of
desi gn and manufacture, and is not always successful.
-3- Summary It is an object of the present invention
to substantially overcone, or at |east aneliorate,
one or nore di sadvantages of3exi sting arrangenents.
Di scl osed are arrangenents which seek to address the
above problens by 5 interspersing transmt antenna
el ements and recei ving angs@marg! enents on a common
base, arranging, in sub-arrays, subsets of the

transy {5 ANLKERDFEhE PRI idRELSHH RS SibStattalliyNsvercome, or at least

recei ving antenna el ements, using respective printed

emaffe B agnérb Gﬁédxfaﬂtagé%to%ﬁ&ﬂﬁ%‘an%&rfeﬁﬁ.sm t antenna

ements and recel ve antenna el enents on each

SUb anj %Yo sed@ih | %ﬂl@ﬁtg whibh 86N 105 YBardds! MY abdd Peoblems by

cabl esS 10 connect t nterconnected transmt antenna

13*e?§§§1@{n§ rﬁi? Andelif L1BHGHE AN S&tRthe reﬁx@e?né[ lofeheRRt A @ommon

arrays ¥o the an enna |npu out put .

, AC & ?a{g%'?gg‘%% jsn Oag §c' Rk Qb e %J%? 2ftha eﬂi&%ﬁ{s'aﬂﬁl subsets of the

an antenna arra conpr|3|

@%eiﬁ@%a%%ﬁ?geﬁﬁ% R e PR s '@4&%‘ B 'M%?%* bforBPnnect
sai Iura

ey S b S nt g P el -
t??eﬁﬂ? b gk rb1e 1 GO ot YO RGP B{pop clements

trapsmitting aptenna el ements and | east nt e
L e FRICROTIRCte RSOV IEATGEB I & Staﬂh éﬂixSJP&ﬁ F%ig’ma mput and
oru%:u%l ving antenna el enents; and wher ein

..1

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 fransmitting
antenna elements and a plurality of receiving antenna elements, said plurality of subf
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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20 the transmtting antenna elenments of the plurality
of sub-arrays are interspersed with the receiving
antenna el enents of the plurality of sub-arrays; and
wherein for each sub-array the antenna array further
conprises: -4- a cable for connecting the

i nterconnected transmtting antenna elenents to an
antenna input; and a cabl e for connecting the

i nterconnected receiving antenna elenents to an
antenna output. 5 According to another aspect of the
present i nwesbledir cannestiagiths ipterphuersted drahumigingrapt¢gnaelements
for an antenna array conprising: a plurality of

te abbarmemmaypueandh conprising a plurality of transmtting

- antenna elenents and a plurality of receiving antenna

el ements, sadalletfoticainedting dlie intebcoanacted sedediinganta@na alegeks to
on a base; wherein 10 each said sub-array further
M@AARhhSRFpuat | east one printed transmssion |ine

i nterconnecting the plurality of transmtting antenna

el enenksordifg tabndtRéSdspde Of el préseft invéntios nthasiioPrdvided a base
i nt erconnecting the p?ural ity of receiving antenna

 RORIEOE £ andehdla WSS Rniprikiag: transmi tting antenna

el enents of the plurality of sub-arrays are

i nt er $RALSRY oF duB-alafs ERASIMIPASina Y ty£ b WaRkinfittAf antenna

the plurality of sub-arrays; 'and” 15 wherein for each

eﬁa&n&%% g}nﬂsu@% RRBRiR ahind HELBRY, sH@PRIAIRGSF sub-dARs Being

or connecting'the interconnected transmtting antenna

SLEMRYS the; ¥eRR €Nna i nput;  and

each said sub-array further comprisés 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



10

15

20

a cable for connecting the interconnected receiving
antenna elenents 20 to an antenna output; wherein the
base upon which the sub-arrays are arranged conprises

a plurality of said base nodul es, upon each of which

is arranged a said sub-array. According to another

aspect of the present invention, there is provided an
antenna array conprising a @-urality of transmtting
antenna elenments for transmtting radio frequency
signals and a plurality of receiving antenna el enents
teQlierc® GRin¥ls NGhdraifitie trimsmitting) aetooy clingmisl and thé egceivingtantenna
transm tting antenna el enents and the receiving

M BRNFe infkPBREL WitReRhiofeer Spersed wi th each ot her.
Preferably, "'the plurality of transmtting antenna

el enepl gy tho Privhlity Wfitfasriitting @€Y icloghenfdtidrthe plurality of
el ements are arranged in sub-arrays. 5 Preferably each

3 gﬁ%&ﬁ’éﬁn @lgltn@ﬁts LRashnd%n kibad@pi.t ti ng ant enna

t an  east one receiving antenna el enent.

Pref e'i’?etf%r)ﬁg %g%&h@%ag oYt R2% ofle Rhindftink YanRhna element and at

transmttl enna elenments and a plurality of

»lé%es{:?rilevrieg . n&n‘?éﬁﬂ@el?ln@ﬁfems' Preferably, the plurality

ransm tt1ng antenna el ements in one of the

sub- agae?‘%/r‘;‘bl 1e%cl9§u%—a‘iﬁp HGEh gﬂudatllﬁ]msﬁ anfdnfla @lements and a

print arsim ssiton rine e printed transm ssi on

éﬁgﬁfyhire%?%ﬁg%%ﬁgnsn% elgenﬂgnal input via a first cable

receiving antenna elenents in

b nt Septe e Breffy VLGl R Shuls i e Br 86 CHMihays
L e o e e
B ) LGP o e 0 R B

transmitting radi o frequepc . . .
elements in the sub-array are conn cteci1 toy 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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signals and/ or receiving radio frequency signals, the
plurality of antenna elenents being distributed on a
base, wherein the base is made froma plurality of

base nodul es connected together to formthe base. 20
Preferably, each of the plurality of base nodul es has
sone of the plurality of antenna el enents.

Preferably, the sonme of the-@lurality of antenna

el enments di sposed on a single base nodule are

i nterconnected by way of a printed transm ssion |ines.

- 6- PPedffeatifl the pllrelitylafrtaké modules lsres eonroeted & agsignal input or
connected to a signal input or output by way of

gl BpwayoRdableabl y the plurality of antenna el enents
include a plurality of transmtting antenna elenents

for tpasfesnly theglufatityi 6f dntepgu eleaignts iigrhaless plaratityaof transmitting
plurality of receiving 5 antenna elenents for

dnBRRd Yief@ntt FoH Rardsitthie o Sb@iRadyssigiils fagd alplyralityasfireadiving
the plurality of base nodul es has sone of the

ﬁkéﬂﬁ@élbﬁlé’nté)for récélaﬂx?%(ﬁé rbghendit 2R, el ements and sone
of the plurality of receiving antenna el enents.

. Pref epahl iy &ieh 90 MR MbralifyCofMad flotidilys Bds dobsithé bluddlity of

ant enna elenents di sposed "on a single base nodul e are

tgaﬁ%ﬁ @gﬂ%ﬁ@%ﬁ%@ﬁ& sbik onhb ?h@ﬁny bEYRSIH S hléhnh leléhents.

10 some of the plurality of receiving antenna

el eneﬂecferﬁ‘tglg tih@ t6h& BPRE &thp)éf ﬁa&%ﬁ@iﬁg ani%ﬁﬁd"él&ﬂents disposed

transm ssio Ine. Preférably, the plurality of base

Jiog yshgé b3 msaﬁg%%tlﬁér& Rted t%”afb’:st Pﬁhﬁed BhnsnRsiAUfinedhd the

way o referably, Irst printed

s%%n%ncgtﬂhé gihg'ghtg (gereg lhgnpu. ! El%m@ r St C&Ef‘ué]'ecgtﬁ% 'b? a second

Se(t‘,e%r&anpl{nlssl’ign t.ransm ssion | I ne IS

-

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 siguals;

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

antenna element; and
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connected to a sig
Pref erably,
the plurality of a

anot her aspect of the present

provi ded a nodul e
the nodul e conpris

one antenna el enent for

frequency signals;
conducting signals

nal output by a se

ntenna el enents.

i nvent
20 for a base for
ing: a port for re

radizati ng or
a printed transmi
to or fromthe at

cond cabl e.

the base forns a common ground pl ane for

According to
ion, there is
an antenna array,
ceiving at | east
receiving radio
ssion line for
| east one

ant enggob&sEmdt condBding The pincdnnashissior ke to awatde for elgetrical
the printed transnmission line to a cable for

BhnReliéd 163h ifpRPAGEIdugt bahesgidput or an output of the

signals. Preéeferably, the nodule further conprises a
secong,Rosdy f1AE moaemR! ARG cBmpRER Akecdhill M for eéceiviriy a sdwond
Preferably,”the at | east one antenna elenent is a

dﬁ%ﬁ&f&%L&hﬁg antenna el ement and the second antenna
ellenent 1's a receiving antenna el enent. Preferably,

the t 5%?%@%%%%%? 1daksi e laptehty el GRAMP RGI A nfiholaARnna element and

transm enna elenent and the nodule further

e el “the mdule |
- GERRb R BERRLS, EELAURMEARTRRAL D T° 10

10
Pr ef er,ahl the , of:.. | [ ci.l thes
tr anohrdeiy BF (ESRRSHHElnd & kf oRRRREC: 09 ainiting antenna

g R T S R

Accor.di ng, t o anot her aspect. of the present invention,

CRRTCHOT 0 thy 1565 Yag affnna 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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antenna array conprising a plurality of antenna

el ements for transmtting and/ or 15 receiving radio
frequency signals, wherein the plurality of antenna

el ements are arranged in sub-arrays. Preferably, the
antenna el enents arranged in a single array are
connected to each other by a printed transm ssion

line. Preferably, the printett transnmssion line is
connected to a signal input or a signal 20 output by

a cable. Preferably each sub-array has at |east one

t r ans Rraferably theerat dessioons| ansmittingrritenna elemerttis egpaected to a signal
recei ving antenna el enent. Preferably, each sub-array
inpig via pifivst adtile gndothe trecaiving antdnng elrmentris gsomicctine i & signal oatput

~plurality of receiving antenna el enents. -8-

Ra ef@pmbdaplet he at | east one transmitting antenna

el enent is connected to a signal input via a first

cabl e Pesfetablirghe plamiity ofgransmtitinganieensierhentssin oneofthe sdb-arrays
to a signal output via a second cable. Preferably,
drécorplettedid dagh ofhet HiANSPHHrtdd MahsAkion liae ahd therprintddriransivission
of the sub-arrays 5 are connected to each other via a

 IRfelifédRdediddad & Fghsliifgut hiandirsttdolk Bed e blukAdy 6 teansifitiasy M@tenna

line is connected to a signal input via a first cable

Adiflentd ¥R thé Sibdrial Yar®EorfnEARE 1Y dabh BhePVih QNdcondriResAEaBsthidsion
the sub-array are connected to each other via a second

1Rei ol @ ebRADMhRA it@RsmibdidElif 18 c&ﬁiﬁct@&fbodﬂﬂﬁﬁ'l bitp@ia a second
transm ssion line is connected to a signal output via
@brecond cable.. 10 Ot her. aspects of the invention

are also disclosed. Brief Description of the Draw ngs
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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Sonme aspects of the prior art and one or nore

enbodi nents of the present invention will now be
described with reference to the drawi ngs and the
APPENDI X, in which: 15 Figure I A shows a prior art
arrangenment for a helical array antenna; Figure IB
shows the underside of the helical array antenna of
Figure A, Figure 2 is a persgpective view of a helical
array antenna according to an aspect of the present
invention; Figure 3 is a plan view of the antenna of

Fi gUr §rigtre 7XhbWE tHethefix 20RWE dis616438 P Inidéthational Patent Application
representation of the array nodul ari sati on aspect o

It;g_g,dqr,e odeyention; Figure 5 is a view from
underneath of t’he antenna of Figure 3; Figure 6 shows

oSSR b A S, e

i nventi nel 1 x ant enna

R L
. ant y [
e el

5 I i ti P [ AUD3/.006920 / }
Dot o e ooty Detaiey Dereafibh et BERMod oy o

referepnce is made in,any one or nore.Qf the . .
acco & Ff‘}f&‘?ca\)\ﬁ Pgde {rpanygng o1 mare p gﬁlefagé(fnﬁﬁagg?g Spavines to
o ST SR % TS HEP B st

}t&r‘}g ti‘(psrg;]an;qulrggsgtﬁ ng g\gﬁstgg%[ggi'%g.e eagaim%%ﬁgﬁ’on@y Iore gpsera}tljgg(s), %gless 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.
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As wi Il be understood by the person skilled in the
art, in the use of helical antennas for comrunication
with satellites, it is necessary to have two different
sets of helical antenna elenments to provide ful
dupl ex operation, i.e. to both transmt signals to

the satellite and to receive signals fromthe
satellite. In particular, thg.C band satellite 15 15
spectrum conpri ses two separate frequency assignnents,
particularly, a transmt frequency band between 5. 85

d 6. d i ) .
an Aéédgdﬁg_gto alzﬁrs@ _fj'}i]s%lbgéd’ SrrideERLRN G PaRMitDAIVRSE Ve helical

3.625 e helical” antenna el enents are

F1icient . e
| ag?legnf‘ L LG %P:]}é%%}g{eg ag g%@) hé? r&R¥Ethe 2R Bqdired s Bark : n a full

recerve ncy nds, so two distinct sets o
chegei %etsligera%terequi red. In the prior art systens such as
PEEFHRUE 48 6, 243,052 to Goldstein et al., the 20
two sets of, helical.anten [aYs i lgke ¢
by si 488 r%eg}ﬂ”ﬁa%? Pgelgra?erd;%gm & n?eg? BRPREE 13 o broet

trng-an one array f

S e T B S S8R 363, 166 s 8 bR ol hetica

BT S A e P S, P o

receiver, by many tens dBs.. -10- According to a

QRGNS Bl bp Seie BOWFVER Fefib FRSES, the et it iednds apd the
helical antenna el epents are integrated.so. as to .
Teeqifing raniepry Slements ShPwd have Appewiet m’?%’ﬁ‘m {p Zmprgyg the mter-
dupl ex satelljte antenna, Fjgure 2 shows an.iﬂtgg&?ted d
cloment isalation, ynlsarthn systsrrusing theanteme agayppewtssin hali-duplex mode.
di scl osure. The integrated helical antenna array 100
consi 9u shis dissloged ArRBEmensf rRBTTHERE anEPA FRTIORF @ffo fespersed
300 arranged and supported on a base 200. Ot her types

with reaciving anternaciemants, plipingling fheuccd fen e SpParate gfpgs or reglons to
cases, the transmtting antenna el enents and the .
previde v ifirlfduphixcoperation. e Antenes eleraentyi300amey brpraEidedby any suitable
polarization to inprove the inter- elenent isolation, .
hehicalsmtanhe as faowmte dienpersaneskiliedeinrthe arty inpluding: tatedisglpsed in
hal f - dupl ex node.

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 tﬁe 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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10 In this disclosed arrangenent, transmtting antenna

el ements are interspersed wth receiving antenna

el enents, elimnating the need for two separate areas

or regions to provide a full duplex operation.

Antenna el enents 300 may be provided by any suitable

heli cal antenna as known to the person skilled in the
art, including that disclosqg.in International Patent
Application No. PCT / AU03/00690 (W03/107483), the
contents of 15 10 which are hereby incorporated by
%ﬁdﬂﬁé%@&@ﬁﬁ? atgr PENRI Fufer dobn W Figube 3n6éiRE at 1 vRANSE the

ne ant enna enents are shorter than others. In

(%i&:ilo%ed ?‘?%‘géﬂé?i;ﬁ@%&)'the shorter elenents are the

ransm nts ‘and the | onger elenents are the
recei ving .el e i | i i Bhh RRnfehts and
t he pﬁég%nq%s%@gﬁlo%g% sg @ﬁé%&%%{f%ﬂﬁ%@% i1Tustrated

B0 BT S PP A TE G2 S mting s
BV [ I ' | e
e S Ry PRREIE 3 Gip iR SisEet HhsCEREL BF0 sibobut fir srangmitting

b et g e B iR g IPBeLs 210k i gl e 20, 22

arrangenent, the base 200 . s constr ed froma .
ey ofine eBring dih oo pepfieiss 3F baseH00p Feilaly Sibpart gesvective
seen in Figure 2) .and al so base -11- nodul es

setsof srappmithing apdireosiving gdenng BSseen in Figure 3

being _a plan view of the disclosed arr t qf

Fi gur 82592007 alsemadewp %faﬂhféi’a@ae %&6&%?& %?8 Gentral base
transm tting antenna el enents and  recej ving, antenna
mpdie 380, cach supparting pyrespegiver st f tRBFMIIENS-AR FEPeME,Ftjenna
considering base 5 nodule 210 for exanple, it can be
dements hat base nodul e 210 supports four transmitting
antenna el ements 320 and four receiving antenna

el enedtwilldeond@sioed haicahase20010ay bezmy suitabloshape andgeayhsmade
defining the outer perineter of base 200, simlarly )
wuphanytnumdep ef & plneality 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.

Tt 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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sets of transmitting and receiving antenna el ements.
Base 200 is al so nmade up of further base nodul es 250,
260, 270 and central base 10 nodul e 280, each
supporting a respective set of transmtting and
receiving antenna elenments. It will be understood
that a base 200 may be any suitabl e shape and may be
made up of any nunber of aplurality of base nodul es
(i.e. two or nore). Furthernore, this nodular

di scl osed arrangenent need not be limted to use in an

| Nt egrgise i RMs& Braa én?éﬁt 1§ro¢ﬁ1€§3rﬁ%ﬂiﬁcénﬂ hdVantbgdsStin  design,

di scl osed arrangenment but may equally be applicable to

lﬁﬂ}uﬂ%ﬁﬂgastoﬁé ac?énfcﬂ&te Inhirkasbel £ th&ARRIBH.t trh PartidfEr, Asingle

enna rray y used for receiving. Furthernore,

L
Sk 54 2 a%ﬁ@flx% 3o MR wift A0 B Wfing ! HllsftRting

huppgr t he 'same nunber nte
{
R el g v

' 355@33 %([:)t ur | n e%?:ﬁ ]éllr%yghgsneg H}Sﬁ&ﬁcﬁ g?a[%‘\!texgan?é/n m?}? %fé!) BY facilitated

nt ho i.n Fi three dlffer
|1@g‘§%§ z‘ﬁ%ﬁ ég’aﬁ%gg“mafe 780 0557 ie gy pecome
280) need to be [ Vld a ful
Hegghise po- efianian SLIBE Bt paﬁsﬁ%mtges%ﬁef i o tor
S|gn|f|cant advant ages i n design, nmanufacturing,
have forgelace 0MUIFHHY- mai nt enance and installation In
particular, a single base nodul e may he useg
nunber merrﬁdmﬁ%sea}fﬂawpsrﬁ‘amoe\#aedqﬁgeéﬁ fhat, @yiqmmy. gitays can be
modul ar  desi gn and manufacturing techniques, It_wll
etogt-made nviag e dnsighel and) manufetyrof autegna modgles, oFer; gxample,

of nodules is far nore convenient_ than storing and
refezningo Migurg 3\weinanodule 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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assenbl ed bases or antenna arrays. Once installed,

mai nt enance nay al so be facilitated by the nodul ar
design in that if parts of the antenna array are
damaged or beconme otherw se non-functioning, it nmay
be possible to sinply replace one nodul e rather than
have to replace an entire array. 10 A further
advantage of this type of mmglul ar design is that
antenna arrays can be custom made using pre-designed
and manuf actured antenna nodul es. For exanpl e,

R ks faBipleR shdteHE, Fuih&idtd) sighll dutbifiad &Y cafPdcchieinusitritks of

I'tself to provide an array with 12 antenna el ements.
AT S8 PSR G e e s
U RSB Wt Rout the i nternal modui e 230 1o

o S YPGB AHas Bl S80S SR )y iy of

anot h arrangenen sign o

Fiefioacd LR E.r g fabfet 16 R ufir bR el MiBlicd over e

L U A e T ——

TEREEANENE TR X Ay
AR, SNy R
SRS oo TS Sl St R 1B gL Sna o
e Ao red IS I REPOY FPPRSIG e S Fists o
-13- networks in duplex systenms. Furthernore, signal )
varyt awitea tifagationlly. Suely varighility rgduces Slespaformpiepfothe antenna in
lines, resulting in variations of power of the signal
regysingdiee dirsctivity andiiraiensesdhesidnlobest r om the antenna
bt 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.

Acco;'dingly, 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 Figare
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
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As previously discussed, problens are caused due to
the variability of 5 characteristics of feeding
signals applied to the antenna el enents distributed
over the base. These probl ens are exacerbated by the
printed transm ssion |ines which attenuate the feed
signal. The degree of attenuation is dependant on the
| ength of the path that the.i4signal has to travel
along the transmission |ine. Accordingly, as the feed
signals travel different distances to reach antenna

FASARELE 1o Cz?sq te?ctomgécﬁﬁ? ﬂ%”&ad%&&hﬁg eRendr Serashté BLO,1Rd the

array fromt eed 1 npu the ultinate signal power

%Rgér(rfe Fansth %fl&!ﬂ ﬁg@f%ﬁﬂ%?coﬁ%&f]ﬁ?ﬁﬁ r&@ﬁmgvaﬁfeﬁnegblbﬁlgnts 310 is made

vari a y reduces the performance

&&ﬁ&&? t@?l'cfzﬁﬁathé gigSL. ga{grg&uﬂl%%f ﬂglaﬁxf ﬁ&evbéﬂ ¥ tﬁﬂgﬂltﬁt}g antenna

I NCr ease er ences In Sl gna

fﬁg}ne gst kﬂ) clmr;'ietll'xé r%ﬁﬁ/ﬁ] Sa%e?lﬂa %f s @!l& oP lﬁ{iﬁ ss1on line 225 is

variations hase 0 e S|gna appli

4 f%ﬁ? re?esm?%%n%%?%e GCRD B e 86 s‘?%*ﬁhfw 21 is
oo o o Gen o PV 0D bsiPio A b Bk 95 Pog BTN I Yy

of cabl e connection fromsignal input or to signal
?ﬁ?ﬁd ports, to sub arrays of antenna el enents,

whi ch _t hen connect fhe capl e out u Oor_ input to the
i ndi vilyOwer tomanigin tﬁ? g ée ‘\ﬂgﬁ‘? biﬂ"’g @Ef’m glements on

transm ssion || Thi s dl scI sed arrangenent
GHERRA BrEERt @ganfai GopSIgSTionE apRjy An r?/aaef o smgire bﬁeveen printed
shomn three sub-arrays 300", 300" and 300"

trRRgmIssion lines 3seapplyron 4 Fla&lé ka1 Yy 'Hﬁ’ﬁe‘?ﬁ’{glgé?%&‘ﬂ 2 pajp gf sub-
and receiving antenna el ements 310. Looki L. .
GTAYS e ps 3’&3’ ,andlr 3008 vither FRAGING NbesveRa gleeﬂ%‘%?‘!s tegpgmiggion line
connect ed together via printed transm ssion |ine 225
infeeronpesting thedransmisinganiinaseiensnts op thy swb-agyiAGY: auf the printed
together via printed transm ssion |ine 221. The
tsqvamissign ot intesepnnensing terreesivinglaptennp elemants on B1g spb-awa30g”, is

i nterconnecting the transn1tt|n? antenna el enents 320,
aadt sulfecient 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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printed transm ssion |ine 221 interconnecting the
recei ving antenna elenents 310 is made sufficient to
provi de the desired anmount of isolation between the
transmtting antenna elenments 320 and the receiving
antenna el enents 310. Printed transm ssion line 225 is
5 connected to antenna i nput 400 by cable 600 and
printed transm ssion line 23%.is connected to antenna
out put 500 by cable 610. Sub-arrays 300" and 300"' are
simlarly connected. In order to maintain the desired
degr eqpif gikchbd bi:aikeRRhVRIOVidaNL Ghidde Blead®itagvaifages from both
di fferent sub-arrays, simlar considerations apply in
gd to spacing between printed 10 transm ssion
Ines as apply on a single sub-array. Thus, having

regg) galrtigulgr, Exgiu'ée of ca%ﬁ:g a@crofcﬁﬂgstgsthig Gis@i%,sefaoagfané’el?&ngﬁgﬁdes the

t he "spaci ng tween t printed transm ssion |1 ne

L QL er copn Ing the transmtting antenna el enments on
%ﬁéw%%5&g$§%§9300', and the printed transm ssion |line

B e S B

e BT e B RN S et s v v v

o

R 1800 SrpRyCoapmet by oLt flhioR il s Heem
d t ffective.l t h, of inted
TSR B o OBBITHRTYHES | nst ance of

signal _degradation, ,and_ al so reduces the anmount of .

7 2 o b TG B FoRIREE Pebles BV 1Rt ot Fere] BRI gection from
tracks. 20 It will be appreciated that in so rior

thy SHRA B i BOTR O G LAV ETOquen 61 PRYFEE U do pptonma aray
antenna array el enment, a |arge nunber of _ cahl.e e
pestorBEICc issopsiized,in deyms Of meBmHERg, e antegra diregiyibhpg minimizing

element to the input signal source, increasing
he Auerpesideilehgsiand i nstal l ation conplexities. -15-

¢) The use 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
comnected 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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Thi s di scl osed arrangenent provides a uni que bl end of
advantages fromboth systens. In particular, the use

of cables according to this disclosed arrangenent
provides the follow ng advantages: 5 a) The use of
connecting cabl es provides a nmechanismfor providing a
hi gh level of radio frequency signal isolation

bet ween the high powered trdfismt and very |ow | evel
receive signals. This is essential to support ful

dupl ex conmuni cation which is a system requirenent

f or nupsibs for eadiyl) tavingregaidda Figwre Baheowackivinglantemireclement 310
of connecting cabl es provides identical signal power

is @ AREGEF M e@TreckRinghatehimpelémeits, bixbtha hbesnriting entefre element

- sub-array nodul es, so ensuring that the antenna array

200 ik QrHBA6R dfe 2R biMrZRhitiing bk démeniibal Hésnigsitibef, and is
antenna directivity and mnimzing the antenna side

doRBBRic Fith, T ritHCoPiwhidhi té Qebelvird Giitbriai €lémeérit rBIOVE| o member.
are typically used to provide the interconnections

QEENEE b @Ving Iaﬁtglﬁﬁt clenidnfl 33R LRERPRDIaeBM of receiving antenna

connection, would lead to 15 signal attenuation which

. e}l&n&rtsofﬁg{ ﬁés?iﬁ%%le be s b&Reithc Hithl BR SIAPEFhRR iR transmitting

I ne, suc renot e antenna sub-arrays woul d not

%l?e\élﬁnaé %1?121@{1& S?fa%leis Eisngéﬁgnrer.a ilal1y e A3ndnBitinBGinfeh RS Ei8thent 340 is a

cabl es’to bring the identical

88119 P AT e MO S
S e A

AR ot S SR O S o
S T Y B B o S of s

| ements at differ I s :
giements connected by ¢ as%ﬁgl tsr %1%'15@%% 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 'pe 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



-16- Thus for exanple, having regard to Figure 3, the
recei ving antenna elenent 310 is a nenber of a ring of
recei ving antenna elenents, and the transmtting
antenna el ement 320 is a nmember of a ring of
transmtting antenna el enents that lies inside of, and
is concentric with, the ring of which the receiving

" antenna elenent 310 is a menper. 5 Simlarly, the.

recei ving antenna elenent 330 is a nenber of a ring of
receiving antenna elenents that lies inside of, and

| S CoResYedkdiviinialls 226 Cottnkdtign. @d‘mtw Frbviddagn infrad Pambdtiod ffja
-antenna elenent 320 is a nenber. Simlarly, the

t r ansibie (ot shgwirvhizh wevlébentehtd @ i endat goiny 282rindat the other end to

-ring of transmttlwnsg antenna elenents that |ies ipside
of , wnpelsplitepielahavm Esell roviding ¢ graerslisigrpl Bputigtheaway-ntho signal

e S BB 8 e R B b R

apray. 400 is circular, the approach of having
i ntegrated sub-arrays vvlth smal | nunber of antenna

el enent's EHRARGHRE NS R2ISGIbER ImctiSIIDFk Y ibsahe thand@ssion path
_techni ques enabl es ant enna arrays ‘havi ng ot her shapes

suc hfoa the ebdeiiviag iatadna clomentsy3i0, we) vanetiar peim 22 Kgebla reonnkation
which the transmtting and receiving antenna el enents

are ppint ﬁ%@drammﬂge T@é‘ﬁ)@?&ﬁ"’ééy gqetagt;maﬂeﬁ@uts tor Signa; ents - :
Cont CERFSIED G exe ko PR K pTs B st e Rt e
L LA Bl 200k 0 i

ant esgga performance. The use of standard heli cal
antenna el enents is advantageous from both .

per f or manFigwaGds teecupolafpearfamaricachthrtiammpitigdpartiofibe aateﬁna my
a view from bel ow of base 200 of Fi %;)Jre 3 and s

s peciefipe Figaraftyalpiesa X BCut Facomiciiedpe Conol EFQ‘ﬁ‘sét‘%"& PPlﬁgodeg
of gBI it o 0l eSS R e B et PO B e
' Si% ogtfextkaﬁﬁlg s&grgl disclosed arrangement, being the modular design of base 200, this
. aspect of a combination of printed transmission lines and cables may equally be apphied .
fo an integral base design,
" Furthermore, this disclosed arrangement may be-equally applied to an antenna
arrey providing only a transmitting ftmcﬁ.on or onl.y a receiving function, and need notbe -
- 20 . Kmited to use with an integrated array. In this embodiment, the disclosed .au-angement
WOuIﬁ appear as in Figure 4 with §ub-'arrla.ys 300", 300" aﬁd. 300" having only the
transmitting antenna elements 320, printed transmission lne 225, ¢able 600 and antenna

input 400 for a transmitting aptepna amay or in the case of a receiving amay, only
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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 signals to be fed to each of the transmtting
antenna el enments 320 -17- through respective inputs
226. Connection point 227 provides an input connection
for a cable (not shown) which would be attached at
our end at point 222 and at-18he other end to a signa
splittar (not shown) Itself providing a general signa
input to the array. The signal splitter will split
redeivige meemb elenputs H0gpritited transinission diab L2k aideablectldi qeguecting
to other base 5 nodules. Printed transm ssion |ine
tB2lineto ahiemer owgati5@0. 220 provi des the transmi ssion path

- for the receiving antenna el ements 310, via connection

poi nt 222 to cabl e comhseaidlApplipabiliy 223 to transmt

the signals received by the antema el enents to a

si gnalt ROspphiesy frofaNBe bBRIHAt ieadisclbdee drangensshtvwdescribed are
provide the general output of the antenna array. 110

4ipli&®1e46 theRéIQOnBuncaTBRAdudg, Mechani cal Iy retain the
antenna el ements to base 200. Figure 6 is the Copol ar

. per f o RMaR Wherkidsd Elfaf"ﬂfé RadiusiSpeR R thfé;rEééﬁt i2PérfibR Bave been

array design. Figure 6 relates to Ti Theory

&edkivbe Bn 01:% Jx%qdf(ssﬁecﬁéz eRDFRASHE Snd 1t VHninly baiations and

appreci ate at whil'e this particular enbodi nent is
€ pdsdible WHREX theP bcopB CofSBE ONFiols 26PRBEGK the present
%gggﬁggﬁ%%% P eﬁng t%ﬁ¥ ?&r desi gn 8f %gie 200 P
#J%ﬁﬁ paspect of a conblnatlon of printed transn1SS|on
I nés ‘and cabl es may. equally be applied to an

s B SR B 6 0t B e e
SES R it eSO 2,

use with an integrated array. - In this enbodi nent, the
di scl osed arrangenent
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woul d appear as in Figure 4 with sub-arrays 3001, 300"
and. 300'" having only the transmtting antenna

el enents 320, printed transmi ssion |line 225, cable 600
and antenna input 400 for a transmtting antenna
array or in the case of a receiving array, only -18-
recei ving antenna el enents 310, printed transm ssion
line 221 and cable 610 conngeting the line to antenna
out put 500. Industrial Applicability It is apparent
fromthe above that the disclosed arrangenents
described are 5 applicablappeNDIXeAt el ecomruni cati on

i ndustry. It will be understood that the various
aspects of the present invention have been described
in the context of specific enbodi nents and that nmany

var i atg oém ABlow il (MO TRIR HuddiES| The Ml rbohipfises 2

scope the various aspect e present

c&mr X C &Spaa—gg Usoe, Mol [N Sk 1HRfidaP Rofl 34 t{ﬁl@‘f!?'na’ce,ly

'y to helical ant'enna elenents, other

a%ge(rf ?:a’ﬁ?eék]ﬁe GR%EgrP Gy 1&*’ Pi h%?%aﬂ) @Jg?%sché:ﬂ%) %t S @ebtrically

|gure sHoms I scl osed”hel i x
L. h t
5 e&”%%%ﬁw%‘% i a7 26t 255 ol € SAAY T, TGHPHE Hofenna s

S8 rpaaz%%azﬁ 1IN e s

oL S BRSPS Sl el a2
h t 700. d

S b S5 e G B EREEAB, pe

and 3.5
approx1mate1y one wavelength plus minus 10% of a wavelength in circumference. In

addition, the spiral 702 comprises between 2 and 4 turns, in a flat configuration 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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- side view 824 the helix 7

turns. However, other nunbers of turns can be used.
Furthernore, the helix 704 is 10 approxi nately one
wavel engt h plus mnus 10% of a wavel ength in
circunference. In addition, the spiral 702 conprises
between 2 and 4 turns, in a flat configuration nornal
to the axis 700. Although the ground plane 706 is
depi cted as having a circul-ao-shape in Figure 7, in
fact the extent of the ground plane 706 is not
critical, provided that it has an area 15 greater
than twe nbint 7ok P Figars8\RbRB0s: dxamglicasted Belix Beimguiwourtl in a
shows a side view 824 of the helix 704 and the spiral

c%%ter-as&vﬁéécﬁreeﬁoﬂ%ﬁﬁnefmg fRacth Rt ead 814TaHddoRgprike thide and
[ [ 4 has a first end 814 that

| LSpRse | QurAPQ R 81208 ) 8 secSfd tun
a{'I'(ﬁ'}agu‘}fi rst ggﬁtggég%%ag?ﬁ?%é hel i \fﬁ%ﬂgﬁﬁgs a radi al °

Sicki OB | ' i oo RRASBO0 of
A Ok gy et e o gitangono-

tﬁ@ﬁ%}ix\/\%ﬁr}qm% Boft a@GKpoMtRE dgf)iﬁt%g %%(h% RERABEL S0 b ir&HMI position
an an

circul ar polarization, en wound in a

ARSI B 1o

1:?‘%% ity th%ﬁ‘?';l&% f%%??‘%%%‘vfﬁf@%at AR o

e "RBEL o PArS “Can Betvart _

S'XZLL e B o s sefs 3‘9\?@% ﬁiﬁﬂkﬁ?ﬁgﬂf@%sﬁa%éy tos
RO B Bl T o e i 22 R R o e

S o 0" SBH 8 e B AR A Yo 7

SRl B e A, R ERL B s o
LRI RIS A

end of the
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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helix is connected to the outer end of the spiral 702

at a radial position 838. The first quarter turn of

the helix 704, which extends fromthe first end 814 to

a point 846, describes an angle 844 with respect to a
dashed line 822. The remai nder of the 10 helix 704 is
uniformy wound with a pitch angle 820, which can vary
between 3 and 7 degrees, reherred to the horizontal
reference line 822. The angle 844 can be adjusted to

achi eve a desired i npedance at the input of the helix
704. ALt BAHODAIE 2 30BhE ehd 74bL@ECHE Bifuatels DAk PEs@rt emtrement,

than the pitch angle 820, this is illustrative only,

t 2 . o
t@"ég ia.ﬁ{la g\eéuﬁa%élggﬁ%eﬁﬁﬁ the ﬁr@@ﬁ&’ 884 RGO hElixNP04. O Thé €piral 702 is

urt hernore, although an abrupt

h 15 b t i
SRS AP RHTGR, 0E AUUEEl B2 s anco ot i

1hER05 ki O 67 BheREr B hur 1 AR0!G Sifal 709 884 B BhifMhlifter-tumn

X tirst end 814 fromthe

P05, 58 S50 S, oS 0 S g

S LSS AR R A e

The qne quarter, turn segnent of the helix 704 between
%H%Ofﬁ?ﬁlm&qod’feﬂﬁ tapered transmission line with

the ground pl ane 706. not t.h di. st an
be adVaA® W&%ﬁ‘%@fb&oﬁ?@o 102,48 Sorped 1,3 Pltie ﬁéx?z;o%%i‘ to the
the angle 844, in _order to_match an input | anc .
2595 100 The Al AR 8o ety B qUeE STEheREHthBF ForbG p Tae & gonica
second end 742 that ig situated, in the present
shepapaiztingsitherupyads grdpv rter turns fromthe first
end 814 of the helix 704. The spiral 702 i.s _connected
by an huteadrof anfaperefeiranspiission lingdemngls Viipegthe ope qpgpler tum
helix 704 at a radial location depicted by th?
seghenteof: thenbetisr 204 @eveemid4 sdr 838 7d they grond, lang, 76, other
inter-turn 5 pitch distance 836, and spirals inwards
fmpedarch matching derbnigiiessuch e guarterayaye tigpgmipsion 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



connected to the second end 842 of the helix, to an

i nner end 834 of the spiral 702. Qther types of

spiral can also be used. In a preferred arrangenent
the spiral 702 is located in a plane horizontal to the
axis 700. The spiral 702 can however, in other
arrangenents, be forned to have a conical 10 shape
pointing either upwards or downwards. Instead of a
tapered transnmission line béing forned using the one
quarter turn segnent of the helix 704 between 814 and

sﬁ.ﬁf?dc %nﬂr&rt he g(g,l.i quﬂgaléig v1Z. %tellﬁé '?c?t;/emblg? &g¥fsr aircraft. The

transm ssi on

iy ?s?a&'%'al%%% St %h?@t?f?gné@‘iuﬁ Bt maicing
01 D54 rcits P R A e o RO ot e i marine,

wire, wound on a | ow | gss, Iom1d|electr|c const ant
germgutical BAJeIEAREPAHETVIRSSi x and spiral. Alternately,
the helix can be etched in copper on a thin |ow | oss
dielectric filmwhich is then rolled to forma
cylinder. Either nmethod provides the necessary
“mechani cal support for reliable operation and causes
m nimal 20 di sturbance to the radi ated wave. This
antenna el enent can be advantageously used in the
frequency band between 1 GHz and 8 GHz, however it
can al so be used outside this frequency band.
Furthernore, the addition of the spiral 702 to
termnate the helix 704 is found to provide inproved
~ beam shapi ng and a significant decrease in the antenna
axial ratio. The antenna is ideally -22- suited for
two-way communi cations via satellite to vehicles,
vessels or aircraft. The antenna is a conpact, |ow
profile radiator exhibiting circular polarisation,
making it ideally suited for use where size and
perfornmance are paranount such as in marine,




aeronautical and land transport services. 5 The clains-
defining the invention are as follows: 1. An antenna
array conprising: a plurality of sub-arrays each
conprising a plurality of transmtting antenna 5

el ements and a plurality of regceiving antenna

el enents, said plurality of slb-arrays being arranged

on a base; wherein each said sub-array further

COMREL 6 Bl AL RRIAPRAERANST s on 11 ne

i nt ér connec of transmitting antenna

el enrents and at | east one prlnted transm ssion |line

i nterconnecting the plurality of receiving antenna

el egent s;s,3Rdnmhabeidhpleng:ne transnitting antenna

el enents of the plurality of sub-arrays are

| Nt er sperpSRgtaiiy Wi st @rdye eeihviofigriciy & HhRali®y efredismitiiy antenna
the. plurality of sub-arrays; and, wherein for each

SUb sRm eyt A ha#lite BM@oidgtytehus ddneis Coaidphirslits of eibaaiyls deing
for connecting the interconnected transmtting antenna

el eapak&i onkbDhatepwhereiant enna i nput; and a cable for
connecting the interconnected receiving antenna

.elenents to amclastiemhamaufgher. coxzpnsmatg fegmaprigied Hgnsmission
according to claim1, wherein in regard to each

s ub liag intgtpormsating theurality piEatmiEing apeom plagents dd hlask prgprinted

line intercgnnectin urallt of trans

ant SAHEISER BWéﬁ?EW%P%&“"ﬁg‘F’d’ ity of e V&ﬁéﬂ*ﬁ?ﬁa%&’am’%“d wherein
‘transm ssion | in | t

ioecel Vi ng ant eﬁ%a e"srr=n S a‘r&eelleg%gttcs:eg dgéu %%b:ll{yte?}ft ﬁjb-afmys are
. apagl& Qrs IR bth 3h ) rReifRS | R chaBiRMREs ofOthe pRRIAY. b Bub-areays; and

bet ween sai d respective transmtting an?enna el enent s
andysakg respective -

.JfD

for each sub-amay the antenna artay further comprises:

a cable for connecting the interconnected transmitting antenna elements
15 toan antenna input; and

a cable for comnecting the interconnected receiving antenna elements _to

an anterma output.

2. An entenna array acbotding to claim 1, wherein in regard to each sub-array, said
20 at Jeast one printed transmission line interconnecting the plurality of transmitting antenna

clements and said at least one printed trausmission line intercormecting 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.



recei ving antenna elenents. za 3. An antenna array
according to claim1l, wherein the base upon which the
sub- arrays are arranged conprises a plurality of base
nodul es, upon each of which is arranged a said
sub-array. 4. An antenna array-2aecording to claim 3,
wherein in regard to each pair of base nodules, said

at | east one printed transm ssion |line interconnecting
the plurality of transmtting antenna el enents on one .

sai d base nodul e, and said at | east one grinted hich the sub
transhi ssi 6n antmme aTRY eacerdingde PRy LUTETH UF 41 §opFen e st

recei ving antenna el ements on the otcg%r 10 sali}r‘gfwk}?&q arraned
nodul maywm%&cé%ﬁ%%ﬁﬁﬂ@ﬁéh%’é“ﬁ%° SrPOT BRI Nt AR
a desired anount of isolation between said respective
trans%ﬁatdtsfﬂ?r@‘raé’ntenna el emrents and said respective
receiving antenna el enments. 5. An antenna array

actording to claim1, wherein the plurality of

t itti 5 8 re oddabil Yair of base,
rans | %g agt%?mnnaygfxgﬁ]glﬁqg%ms,m i 8 repkdifoddabif Yair of bas

of recCeivi e ts are -arranged al ong

res pecg#u\fe% 92115 Gf Ak 29 KiGRE QRbdtifiol Uné BfitercbneAd@SBe plurality of
. modul 87707 an ant enna array conprising: a plurality of

sub- ap L AYSRARREOIPAES] G0 RldUsaed mbjulefand sad shictd iong printed
antenna 20 elenents and a plurality of receiving
ant enpasel:apeMeSntesaindotinl threalirilyy direwirngantmpsicment gn the other
arranged on a base;' wherein each said sub-array .
f ubt hesid paaprddsies aratsphoed seffigaelyplel praddic PHBHT (f g@%“’d’n"’m‘m" of
line interconnecting the pluraljity of transm tti&wg, .
ant enivelaidrebuntes @iddrosreotiyeclrpemig rpin ggmente and Said rospective -
transm ssion |ine i nterconnecting the plurality of
r ecei Werigrami@ahd @ erent s; and wherein - 25-

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

respective altemnating concentric curves.

6. A base module for an antenna array comprising:
.2 plwaﬁty of sub-artays cach comprising a plurality of transmitting antenna
20 elements and a plurality of receiving antenﬁa elements, said plurality of sg_b-arrays being
arranged on a base; wherein each said sub-array further compﬁseé at least c{ne printed
trapsmission lin.e interconmecting the pluxality' of tra.usmit_ting antenna elements and at
least one printed transmission line intercox;necting the plurslity of receiving antenna

slements; and wherein



the transmtting antenna el enents of the plurality of
sub-arrays are interspersed wth the receiving antenna
el enents of the plurality of sub-arrays; and wherein
for each sub-array the antenna array further
~conprises: 5 a cable for connecting the interconnected
transmtting antenna el enents®¥to an antenna i nput ;
and a cable for connecting the interconnected

recei ving antepnna elgge

wherei n the ba'%“@ﬁﬁ%'Wﬁ%%ﬁ&gﬁgggﬂg?gﬁggég%gbg&;§m%”m” e
d ' _pl ural i i '
porageneo i fefgod il s b pPI, PR BRy e

An aalgnna array conprising a plurality of
transn1?ting.antenna elements for transmtting radio

fr eque”%?xgé?a{m-%naﬂﬂe RuRhdraY ldeQbmp S Vi Ng ant enna

el enent s recel’ving radi o frequency signals,
wherein the transmigldRRcRRHRNAREhBAR EDaRiRtficlaiRnna clements
recei ving antenna elenents are interspersed with each ,
Ot heJ an 2h@mh inMR st €NNa array according to claim?7,
wherein the plurality of transmtting .antenna

. elements and t&qebpltahictingdlie ineseinstinhreaitigangenna elements to
el ements are arranged in sub- arrays. 20 9. An antenna

ar r ay agawoe papwgwhaeit thaibase Tponigeleihn subsectayssabarsangedcoppagses a
at least one transmitting antenna el enment and at

| eapturalifyeofistid bisy madilesntnen pash af whighs arapged amgid sph-wiya
array-according to claim?7, wherein each sub-array has

W oplurality of transnitting antenna el enents and a

plurality, of .receiving antenn le ts. .11, e
Bt dnna. 4T Sy S8 SEVUTAE0E SIPRFR, O RHAPLTHY piine doments for
“pl u'ﬁ%.shﬁﬁ’mé’(-ad{or %Eﬂcgr tsig@ﬁs and a plurality of receiving antenna elements for 4

réceiving radio frequency signals, wherein the transmitting antenna elements and the

Teceiving antenna elements are interspersed with each other.
15

8. An antenna amray according to claim 7, wherein the plurality of transmitting

.alitéﬁna elements and the plurality of récciving antenna clements are arranged in sub-

arrays.

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

transmitting antenna clement and at least one receiving antenna element.

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

transmitting antenna elements and e plurality of receiving antenna elements.



antenna elenments in one of the sub-arrays are
connected to each other via a printéd transm ssion
line and the printed transmssion litre is connected
to a signal input via a first 5 cable .and the
plurality of receiving antenna_elenments in the
sub-array are connected to eats other via a second
printed transm ssion |ine and the second printed
transmssion at is connected to a signal output via a
second cabl e.

11. °  An antenna array according to claim 7, wherein the plurality of fcransmitﬁng
antenna elements in one of the sub-arrays are commected to each other via a printed
transmission line and the printed trangmission line is ¢onnected to a signal input via a first
5 cable and the plurality of. receiving antenna elements in the sub-atray 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.



