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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

radi ating elenents in the formof helical antenna

el ements. 5 Background Antenna systens such as those
for use in satellite communi cations are often

required to operate on struatures for which space is a
prem um Exanples of such applications are a
satellite antenna on a warship, or on a nobile

terrestrial V@pROYEDANTENNAARRANGEMENE! so an

i mportant factor. to In these situations, traditional

parabolic reflector gRiiaRpaR 1avétdat practlcal as
they are both heavy and require a relatively large

vol ungy.0f ) SAPAGE ddles 3! filenh? aABR BhE partiC@edy & BEAYS, containing

ot her “Antenna systens have been devel oped for use in
IC fnteiHE BeReiyStEM i s a
nﬂgmﬁ%gﬁﬁgﬂﬁgﬁngﬂéFyﬁgﬁﬁé%gnﬂﬁﬁgngégtseo$ a plurality
of individual antenna eI gt&b hrough which the
antenna radi ati on pattern C e 15 controlled by

_contr I|ng e fe Aiahic )
el erre XRF S HE aﬁ c?%' gb\égrson ski Ir%%()ﬁen
in the art els I‘OVI edto SUpPpor fh

r?ﬂugp%t? toyerat'e é%}m Spagg ds mium. %d(amgles of such

of .a_network radlo fre ncy trans ts
SRlicHtcrs a4 weil&e PR S o P BERLS f%ﬂgﬁf“? RHieR.

signal s to . each antglnna el egitfnzt froma main feed input

or 2Mipimisipg Weights als Bs a typical helical.

SPL?2&%%%3@%%2%%@%2@%&@?# pa%%etnh%‘%%wﬁlgt gragfioel s
oy oSS PGS HERAVPA 1326 dolyHe i SEP A AT 0Bt
Aclcgr%?ngly, 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 metwork of radio frequency transmission elements such as printed
transmission lines to guide the signals to eaclt 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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-2- Figure 1B is a view from bel ow of the antenna 10
of Figure IA showing a typical feed network 50 to
feed signals froma signal splitter 40 having an i nput
for receiving a drive signal and nultiple outputs for
feeding the required signal to the appropriate
antenna elenent(s). 5 The feed network 50 is typically
fornmed by printing transnmison |ines onto the base
20 as will be understood by the person skilled in the

art. An exanple of a helical antenna array_js sho in
US 6, PiggroiB i ¢ o deops pelowiof the antpgna j Q%F&gw %%@mg a
are di sposed side by side, one array for transmtting
%@ﬂh‘iﬁeh 40 drying aa ngy for
Anot her problemw th prior art systens is the )
reliefving: al drive i signabiand audiiple outputsr ok feaging: theisqujtedngignal to the
pattern enmtted by the antenna array. Many factors
appiopriatb witenriz eletdents). di ffi culty, including the
variability of characteristics of feeding signals
appl i @He fead hbtevorlasa Bripgicalycommddbydirsting bransadsstonelines hafo the
base. These probl ens are exacerbated by the printed

. Ha§eIUpd¥ivER be tindet st byfthefersvhtskifledinghd &re f eed si gnal .

The degree of attenuation is 15 dependant on the

| engt AnQkarhfle opahblidahatterinh @rrsy BrsBdbwiRSUS 6,248 a52t0 Gbldsigin et
the transmssion line. Accordingly, as the feed

o516 Rilich twoanals Stefdispbetsiddi vyt A 6Be irfay' foR Glinshittiag Bignals and
el ements |located at different positions around the

tﬁé&ﬁé{ra}ﬂ‘a?mrtré@ivi@q,qjgdamput, the ultimate signal power
applied to the antenna el ements can vary quite

dr amaan6bs FrobISMORit Bl systahs i§ RRUHERukY B maintaining control
performance of the antenna in reducing the directivity

el 'B‘e‘éﬁaﬁaﬁémt aFitsd 89 the’ IntbACSray SOMBNYP FicRirs 8bdtribute to this
syst grrs ave attenpt eg to addr essyt hi s )gr obl em by

ER LN iRGudifl HiSYABGTIR] 6 SlatRiidlids WIStebdihe YghAY apfifRa to the

transhi ssion ['ine network to nmaintain a consistent

a!n?e\ﬂﬁ% efRhefih i écpgverqgg Bhdey  This Snd Grel B&icerbated by the

t
conpl exity o esi gn and manuf acture, and
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 ;each 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 perforrﬁance 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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is not always successful. -3- Summary It is an object
of the present invention to substantially overcone, or
at least aneliorate, one or nore disadvantages of

exi sting arrangenents. Disclosed are arrangenents

whi ch seek to address the above problens by 5
interspersing transmt antenna el enents and receiving
antenna el enents on a commo#3- base, arranging, in
sub-arrays, subsets of the transmt antenna el enents
and subsets of the receiving antenna el enents, using
respective printed transrusshaxy | i nes to interconnect
transmt antenna el ements and receive antenna el enents
on eaghs sukybpict 8F theagesehninveginco substadiolly Sutrceme,zor, at least
using cables to connect the interconnected transmt

a6 0! of HRR disalartéds bhexidting efrapements.ed recei vi ng

antenna el enents sub-arrays to the antenna input and

OUt PUH;jc RGO bl AehnkOmEHE vAsdhe §dekOfo id¥eesprihs @bbve problems by
invention, there 1S provided an antenna array

%2 Jréu?# :ilx?x)i/sng} RhtbiA! didier! aﬂ%?:ﬁ{/ih?)éﬁteﬁl?& Blemeiitp lonSd Bgnmon

a prura transmtting 15 antenna elenents and a

9

1B l e; ?1% n 111;(;, %xisué—ﬁ%%s\égﬁget?-e B0 RanBliCHRRhS elemBAtd and subsets of the

rrays being arranged on abase;

r%\c'g:?gvrh%ir Pr}%?engghetlé&in% %Emg %sﬁ@c%ﬁvra 8 trnQAREbS BRePlo inRARInect

I ansm ssron I ne 1 nterconnecti ng t he

qpaal %’Ié i? %%a%ﬁqn%{n%&%@r@c%iv@%@Hﬁaeé]&?erﬁé & EISh SuAitay? bnd in regard

| transmssion I'ine interconnecting
R Bhy o pHAER Vo RO s iy, et
B o i P R bl e
O?Iltjp?l-t.ar rays; and wherein
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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for each sub-array the antenna array further
conprises: -4- a cable for connecting the

i nterconnected transnmitting antenna elenments to an
antenna input; and a cable for connecting the

i nterconnected receiving antenna elenents to an
antenna output. 5 According to another aspect of the
present invention, there is%rovided a base nodule
for an antenna array conprising: a plurality of
sub-arrays each conprising a plurality of transmttin
antenna elasgelgifer W&ﬁlﬁ’r@eﬁ"f?‘}mﬁﬁe‘l é%sgflvﬁnﬁgnt&maeﬂ?@ems
el enents, said plurality of sub-arrays being arranged
tom atdnas mpulphet ei n 10 each said sub-array further
conprises at |least one printed transmssion |ine

i Nt er connectdablg fothenpécting Hietigtersbmected sepeivingantenne algpgnts to
el enents and at | east one printed transm ssion |line
ahahteim@@pacti ng the plurality of receiving antenna

el ements; and wherein the transmtting antenna

el eneAtsrdihg tdanqhed raapect yf e psesbatanvenyien,dheye is provided a base
interspersed with the receiving antenna el ements of

. thd¥RleIbidnaintdia faydebpaisingys; and 15 wherein for each

sub-array the antenna array further conprises: a cable
for comnesity g sublrby edchoRPekiag 4 planditi bf mgnating mntenna
el enents to an antenna input; and a cable for

FRMARGhE APy b FREiRIBAGRhEM1ER6 RS, whil @haalite DN sub-arrays being
el enments 20 to an antenna out put; wherein the base

ARREd W iablsd RBeretb- arrays are arranged conprises a
plufality of said base nodul es, upon each of which S

arranged a gaj ghi® Wis-Ardyirth A fipHbditt 1Rstedietpiiied afuastission
of the present 1nvention, there is provided an

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 transmifting

radio frequency signals and a plurality of receiving antenna elements for receiving radio
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antenna array conprising a plurality of transmtting
antenna elenents for transmtting radio frequency
signals and a plurality of receiving antenna el enents
for receiving radio -5- frequency signals, wherein the
transm tting antenna el enents and the receiving

antenna elenents are interspersed with each ot her
Preferably, the plurality oP-transmitting antenna

el ements and the plurality of receiving antenna

el enents are arranged in sub-arrays. 5 Preferably, each
fiqieney Eigyald) athesdin thedwnsiiting aviensaielerenty and tlsyeqeiving antenna
el enent and at | east one receiving antenna el enent.
cRiRhE artihtersp@ssdhwithdaclapthery has a plurality of
transmtting antenna elenents and a plurality of )

r ecei Plefgably) tth PRiratity 0F Rtssmifing faateatn ylemente apil dhapugajity of
of transmtting antenna el enents in one of the

r MR doffa oldflerd e GRANRE ibiblatragach ot her via a
printed transm ssion |ine and the printed transm ssion

line PRAA eschesdblafap héd &N@dst oA tHinsiitting afifenst eleméitend at
and the plurality of receiving antenna elenments in

1806 %lﬂ%bf%{ teth£elemanect ed to each other via a second
prlr?te tr [

nsm ssion |ine and the second printed

tr ansg}egeg.gbgyd gkémblﬁay‘ AR LpluRfty &F tAnsthigiid anfuhd elementaand a

a secon e. 15 According to anot her aspect of the

p@%ﬁﬁ?&r&&%ﬁ@ﬁt}nﬁﬂme&éﬁ%ﬁ is provided an antenna array
npris Y

ing a-plurality of antenna el enents for
transgi Lt Mol¥ ing 3 | efenfinfh iR oné 8£ME Mibdr:
raldi_omfereé%qﬂagr% {éllgldﬁ’g s, t ?nﬁﬁ‘}rggﬁ ty o% an?en_na éys
el enent s. bei | siri by HAasg ' N@ansmissi

aﬁeag%mpcgec}rgaacé&? Pthg} st 4 % it s@fi‘%ﬁc aﬂﬁ‘ﬁlfeeﬂrﬁltéd ssion

om a ase nodul es
t t.her.t . . of
1R anconeebOh T Pt i AR et by o rialving antenna

e'felrrlljern?sl ilnttxe g{b-arr%)n/ta?en Qo%ngét%néa%h 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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Preferably, the sone of the plurality of antenna

el ements di sposed on a single base nodule are

i nterconnected by way of a printed transm ssion |ines.
-6- Preferably, the plurality of base nodules are
connected to a signal input or output by way of

cables. Preferably the plurality of antenna el enents
include a plurality of trandmitting antenna el enents
for transmtting radio frequency signals, and a
plurality of receiving 5 antenna elenents for . .

r ecei Riefegabiya dho pluralify) o dpsesmgdulpss arepsoppestednioya sighpl, gt or

the plurality of base nodul es has sonme of the

optput Iyt wayofedbles. ransm tti ng antenna el enents and sone

of the plurality of receiving antenna el enents. .
Pr ef ePrbrably theephwolity offantehna plements includefa plEralyneft frasgiting
antenna el enents di sposed on a single base nodule are_|
ahRhel clenaes fedraaymittifg radio flequatcydsignalinsed e gilwplity jofgeceiving
and the 10 some of the plurality of receiving antenna
AleRRESfen® for icbdiging eadieéqendysignalsecond  pri nt ed

transm ssion line. Preferably, the plurality of base

. modul egrasly, GRANEE tehlialis ofi ysamotulghasaomeaftthe plupality of

way of cables. Preferably, the first printed

thhaReiHoSalcath dithtdidisbRe 5F Mg bRrdigpef rowilibgaritema Ements.
connected to a signal input by a first cable and the

secon ?re@érm&eiﬁ’e LA 61108 PhAlity oh Qalshittia g ateniaeelethentadisposed
si gnal output by a second cable. Preferably, the base

dn% BBo18 La Y HBiId LRURErcBhRRRd 9T a fiRepihted &hnsmissivn line and the

antenna elenents. According to another aspect of the

sgfngs ?'JJ;I%E]R&' FrecdifiRg @nfefind ERMEALS Gra i@ 6stnecte® Byf DEecond

ase an”antenna array, the nodule conprising: a

é%ﬁﬁ%ﬁ#%?ﬁﬁ&f&ﬁlng at |east one antenna el enment for
g or receiving radio

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

' Preferably, the first prinfed 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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frequency signals; a printed transm ssion line for
conducting signals to or fromthe at | east one
antenna elenment; and -7- a connector for connecting
the printed transnission line to a cable for
el ectrical connection to an input or an output of the
signals. Preferably, the nodule further conprises a
second port for receiving a’second antenna elenent. 5
Preferably, the at |east one antenna elenent is a
transm tting antenna el enent and the second_ante
el emandonneton foreomeetingjthe priviad transimissiontline po &¢ableBY %13"““’31
the transmssion line is for connection to the
cdrihadtits 4 inputan e output of kiersigualsand t he nodul e furt her
conprises a second printed transm ssion line for
CoNnnembfeBly, thet hodule firihei ognpizee asecord g for reggiving a second
Preferably, the connector is for connecting the
attb:@aeEnad.on line to the signal input and the nodul e
further conprises a second connector for connecting

the seeRRdly, iHeaNRalt 95 Aflernk BRnieht it B Grassigitial antetraiefement and
Accordi ng to anot her aspect of the present invention,

. ﬂe@@éo%fi'aﬁteﬁ{a%‘t'én%gls%r}eceﬁﬁgi‘ﬁﬁém@Efeﬁ\MntCOn‘prI sing a

l'urality of antenna elements for transmitting and/ or

15 refr@% oYdb tl‘iéa‘ﬁlé&n{lé'sfoﬂ%q! 161 EdAbdtion Wb ek trinshiiiting antenna
pl ura f antenna el enents are arranged in

e&{’ﬁ%n@raﬂ(? e nﬁ)rdﬁfeeﬁﬁﬁﬁ@’ colnPfised N RBdAd SrRdN rénspfissing lifle for

Ingle array are connected to each other by a

-egﬁonqowquc%ww&nhbﬁﬁempr eferably, the printed

ansm ssion e 1S connected to a signal input or. a
Si gnai’refe a%l)p W gcgnngé‘to?ls%i) IcS‘nuec::tmg the transmission line to the signal

O

\
o

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 prov.ided 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 2 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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Preferably each sub-array has at | east one
transmtting antenna el enent and at |east one
recei ving antenna el enment. Preferably, each sub-array
has a plurality of transmtting antenna el enents and a
plurality of receiving antenna el enents. -8-
Preferably the at | east one_transmtting antenna
el enent is connected to a §§gnal i nput via a first
cable and the receiving antenna el enment is connected
to a signal output via a second cable. refera€I¥6 ienal
the piraieeblyitye afleast apeSHIHEE FEERFFIFEREATLCE 1A 280
of the sub-arrays 5 are connected to each other .vi

4 SheoeqiYing e glement is gonpecied-fg i gffut
line is connected to a signal input via a first cable
viarachetdnd cgiileir al ity of transnmitting antenna elenents in
the sub-array are connected to each other via a second
pr i ntRrefetablyn theiphmalisy of rinsmittinglantenaa slemenlg inonepf fig sub-arrays
transmssion line is connected to a signal output via .
aft @anend to cadll @her vida Grihted taspeistion life andethe prieted frapsmission
are al so disclosed. Brief Description of the Draw ngs

 liBoiRommpRa tea Sfndl putpvia o firshcdbleand thepluelityrd fransmitting antenna

enbodi ments of the present invention will now be o
elarakiibad sobhaftay efecommetedtito chdheotbieravia agecond girinteé transmission
APPENDI X, in which: 15 Figure I A shows a prior art
1iaé bRNEE B8Rhd poitedirhibisivh lae ingonacteito a;signkl guipus viag: second
shows the underside of the helical array antenna of
chdigure 1A, Figure 2 is a perspective view of a helical
array antenna_according to an aspect of the present
ilznvenb'tﬂ%fléspgdtgwtﬁeﬁv&ﬁioﬂawmd«'técmeedaf the antenna of
igure 2;

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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20 Figure 4 shows a conceptual representation of the
array nodul ari sation aspect of the present invention;
Figure 5 is a view fromunderneath of the antenna of
Figure 3; Figure 6 shows a nodell ed beam pattern of

the antenna of the present invention; -9- Figure 7
shows the helix antenna disclosed in Internationa

Pat ent Application No. PCF9t AU03/00690; Figure 8
shows side and plan views of the antenna in Figure 7;
and APPENDI X A contains an extract of rel evant o
mat erfighrd 7 HBwsthe heldd imtermh dRelosed in HieAp{ibnal ReteonApplication
PCT / AU03/ 00690 (WO03/107483). Detailed Description
NoNBEHiAR®3/B86d0; Mode Where reference is made in any one
or nore of the acconpanying drawings to steps and/or

featu o2 siABUAd PIREviISHEBS the hRERAGE FipureT;2ind
thoseﬁgﬁgep%\éﬂgﬁ’gflor fe%tures have for the purposes of

this gﬁ?ﬁfgﬁ)ﬁfb?@aﬁtﬁﬁs SO Era bt WRed1E R0 Rdtes] fFRBEMrhaionsl Patent

unl es’s contrary iIntention appears. As will be

Alelish 880PLY  WBRIRBSAR s oayi n the art, in the

el ca anten contruni cation with

_ satellites, | E{)étﬁﬂgfﬁr@%ﬁ@ﬁ%‘gE@g@%&w‘f&ffer ent sets

of helical a na e Ide full duplex

Lon, L.e. to both ] | : i
St or I i i bl R o Gy Rocolpalyfy domnings o

el Ve romthe satelll
In particul ar, .t C d [ ]
B S e B2 A bl o SRS s

particularly, ransm t. freguency . th
gyt Siearegigs %S%ﬁ"é‘@é?\‘zg‘“’fsﬁ‘é‘a %cﬁ@i#ﬁ%%?ﬁ%@’ﬁ ubfss °
3.625 and 4.2 CGHz. The helical antenna elenents are
cRBlEary (HeRUeP PRS- br oad band to cover both transnit

and receive frequency, bagnds, so.t di stinct t .
hel i cés vallebe waflersiad by ey °Brﬁ‘q}¥£épttﬁ%§g’t lélrrél%sl%g%g-gghcal

di sclosed in US 6,243,052 to CGoldstein, et al. e
antennas for communication with sate%htes, 1t61% necessary to ltlave twb cfitl%erent 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 GI-iz. 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 ﬂom 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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20 two sets of helical antenna arrays are di sposed
side by side, one array for transmtting and one
array for receiving. This physical separation has
traditionally been necessary in duplex systens. The
power of the signal fromthe transmtting part of the
array far outweighs the power of the signal received
at the receiver, by many tems of dBs. -10- According
to a first disclosed arrangenent, the transmt and
receive helical antenna elenents are integrated so as
tof UN&:&?&in% @6l uChrst BRcEParF@gethemtdthe craemitaind modivd helical
dupl ex satellite antenna. Figure 2 shows an integrated

ARLENNAn kS ABUREERAED &5 506 FirBiter kedutdihe Rfcaseauired fo contain a full

disclosure. The Tntegrated helical antenna array 100

[ lurality of helical antenna elenents

%ﬁgeﬁélgtﬁ%éﬁﬁ%agd supported on a base 200. Ot her types
of ante L&oeat; b tdhDiE DrrafEUARYE b doﬂiu?%’ ko the present

cases?fﬁqﬂgztsﬁlgnsm tltife%yegniﬁgnna elag%ents %nd_t e d
%%fo%{n%élz a e(a)iﬁ%ee PG felligﬁeﬂteﬁga?‘ Qt%'}t fod isBPHO0$ blu@ality of helical

o 1Tnprove 1 I'nt'er- el ement isolation,

S5 HE LS bl 200 R A e

osed arrangeient,
ransmttijn ni enna. el eren ' '
SRR i b BB o il S0 Y o8 BRESE blopliplihad tho
tw) separate areas or .reqgi ons t ' ot
FaeRYiR wojsarn pimans Al v enisle SRS & dbrove tho pter
by any suitabl e  heljcal.antenna as _k 2

qhmant ioleRen. pRigssithe DRETLSIES Ry AHET ﬁféaﬁ‘?ﬁ’%t%?%fé‘?g%“é’ % tmode.
International Patent Application No. K PCT ./ A&Q%‘O&@eg%med
(W03 11 dia gisplosqd,grrang Pg‘ﬁ’t Fangpittng aijtgnig, elomerlty rq, 10Kl

i ncorporated by reference (se APPquglr | X %tlt :)1@ I lregtfgnsto
wtsheeeelmaﬁméwl%?en%@%lﬂ?@%ﬁe el FRF VS SHALL G B/
than others. In this particul ar se he shorter .
ppadpaal dien ceraipandhients simas BT SHoTHE b faypitble
el enents are the receiving el err,erc}ils. This di fference di
Irdisalranteparies KOwh 1@ e prredetiilled; Bdpe sy e n‘%‘%‘n@ﬁ ed m
%@p)@%@é&t Apagﬁigﬁcgfﬁcgg’dl ¥ IlX 0;/806(:9|0%&lﬁobgllay4%%,tﬂ?eecontents 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 basé 200 is constructed from a

number of base modules 210, 220, 230, 240 (as can be seen in Figure 2) and also base



10

15

20

20 nature of the transmtting and receiving antenna
elements. In practice, all the antenna elenents could
be the sanme length or in fact, the receiving el enents
could be shorter than the transmtting el ements.
According to a second di scl osed arrangenent, the base
200 is constructed froma nunber of base nodul es 210,
220, 230, 240 (as can be seen-in Figure 2) and al so
base -11- nodul es 250, 260,270 and 280 (as further seen
in Figure 3, being a plan view of the disclosed
raddufss 230260270 afd 280" @is Dhrthef veqeinbRigaraddbding aqdarhview of the
support a mx of transmtting antenna el enents and

diRfRLViRGene b PigRlesnyENt s. Specifically, referring
now to Figure 3, and consi dering base 5 nodule 210

for expimluase mbdfid edlR safM 4 bk ob @afsniliingl Mtedid) elements and

supports four transmtting antenna el enments 320 and

g%gjl éaﬁlg&%% %lgﬁieﬁgt §;ﬂ£ﬁic§lll}e PEEing ReW to Pitife IRHY b&RideARY base

t oget fining the outer perlneter of

Sfe 20%r &amgllea ! dhn Y Q%rtilatrb%%ﬁﬁdlé’ 810 $9pdrtPfour transmitting

ransmttin nd recelving antenna el enents. Base 200

skt BefRF o0 B Yoy bk ‘5‘“? 39%‘2'8‘* ATGPF102 Tose Biculee 780, 230

;-
v o

aé‘ﬁ Ct ' Sdeﬁmoé | rcﬁﬁ& I e{ég 8??%;2%5 Cdidii gy ag’i’&@ E‘é&gecﬁve

e un base 20

d.nn d f nb
B Ay 'ﬁe%%eﬁﬁ 0, U, N e
Furth I
S S R R 250 B D e

AR A a;aq%gc€v38%h°zmaf%&gzﬁﬁzgécgg& o

used for transmtting and an antenna array solely used
qdFrenisecei vi ng. Furthernore, the nunber of antenna

Che T Sl Re SR Sons GRS dn ey b an PRV RS bognade

base nodul e
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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maki ng up a base need not support the same nunber of
antenna el enents as anot her base 20 nodul e maki ng up
that base. It will be appreciated however, that

manuf acturing benefits will be achieved by having
base nodul es of the same configuration. In the

enbodi nrent shown in Figure 3, only three different
nodul e designs ((210, 220, 23(,-240), (250, 260, 270) and
280) need to be inplenmented to provide a full base
200. -12- This disclosed arrangenent provides

si gni fiii§ apsclashd antragRmehtn medi@n siguifivafita cklvanitapgs in design,
storage, transport, maintenance and installation. In

nigh étﬁﬂlllé”storé’ge;c’ bragh6rt, RAGRNHRE 4h@ inseilatien. UReparticula, a single
* nunber 0

antenna arrays and lends itself well to

bggé%ﬁie m?}ﬁﬁé S92 A0S niRHY R GhtdfiriaGray S AlANbAGSelf Well 6 todular
e clear at storing and transporting a 5 plurality
f- i A . O ar § 1 Iam rt-
g B nRu Syl TR Iy BN B0 CLh A SoRht BB dappne ©
p e i astalled.. m i e0AHEnlRY S Rofify (488! drinkssdriifs whole
Wl BT S

design in that 1f parts of the antenna

d d . i -
iSRRG oy CREP s QMR o mpy s b Bl

-

one nodul e rat her .t ha a o,.tenl ' '

er‘F‘S)??O%f%I Aeyign i1, fhat éﬁ%\lﬁt 6alltgtehteoﬂ‘m Chi S %% %Fﬁd aur a?re come
esign is_that .antenna arra [ t

TP PrETIEST ol NG PP BP QIR AR oEE HERHE ryner han
For ex%nple, .referring to Figure 3 again, nodule 280

hays togeplareal oY%l f to provide an array with .12

antenna_e] enents. | n_another desi . modyl e [

Conbi Ak cRbige 45 DBE ComBTa Gy pl X ity Byl ve
di fferent t confi tion. | th

cBHaR Il i - G S U BRI TGE (e oufiia For example
nodul e 280 to provide t anqt her, .ant enna design. .
rpfeEringde Higure3 y&m\momﬁ e ISPV ﬁﬁc@grggﬁ? 'al?fuﬁag with 12

design of the antenna arra . .
antenne? elements. In another design, 1)1/1odule 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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all ows the use of a conbination of printed
transm ssion lines and cables for use in connecting
the antenna el enents to the feed conponents. The term
"mnted transmssion 20 line" is taken to include
mcrostrip and/or strip-line inplenentations. As
illustrated in Figure IB, traditional fornms of
connecting each radiating ellenent to a feed el ement
is by way of printed transm ssion |lines. One drawback
of such systens is that printed transm ssion |lines
nQOrks 88 dhibled Systn@h Firkipanbres digtiab afienastioanmy ocemkindmgdracks of
i nterference between adjacent |ines of transm ssion or

phfE@liNds sl ﬁﬁ%ﬁmaﬁséﬁd?@ of p&ver of Bre sipmlpphed forthelansénms element
syst ens. Furthernore, si gnal attenuati on can occur in

?,r}egﬂt%giu prlnted lines, resulting in variations
power the signal applied to the antenna el ement

from W4, proBleRfs€¥ieObslsyd Uius Ctés FIgd variability of
pr obl‘é%’jr&rg‘}r}{)aﬁlas agisl,éeg&d%’epto tﬁe \?arl gbl lity of 5

g%gc‘%&l% éc?s {JfS b f\é %Ezﬁns s B & e%l @B h&nfd Bleln8fts [distliBiged over the

nna el enen over the 'base. These

R A i g s e

theed T °?Peg§ea%f%ﬁ?m%?r Lis Pferit5H3h T Plenk B¢ 13 gt that the
s@?‘;\fellé‘? §P gﬁ&%gingt z ‘él’%:‘ﬁﬁgn?{é%na E %ﬁat%lsfe 4 Sl%‘tmls fravel
Bl {({lﬁgag,ggstpgrgs'“%ns SR Kh5d D AEA tgg@@nmgmd we
SORY A 'fvgeeﬁéﬁéﬁg{ﬁm@% #ﬁ%?@l’ i dpfgn Uefhents can

reduci ng the directivity.and | ases.the | .
VYo qitef fically. SHohs VepRilty, 1 tlFFéfW%‘}?? Irﬁqit%ﬁ‘" 8*’%%3‘” mn

lines al so produces vari at i in the phase of the
reduging thedirsriidty ang “EFF@F'@F%‘?‘&“?“QHPeénna el enent s at

di fferent | ocations about 5 the \lﬁw furth ”

r educ &he differengss|ip signal paths Fﬁ’bﬁ“};‘“&‘o’%eﬁ ?RE’% Vana ons
pattern. Accordingly thls d| sclosed arra

ip the\phare of ther thesignalapplied-igdiffment antenns elements at dffferent Iocatlons about
the array, which further reduces the ability to predictably control the beam pattern.

Accordingly, this disclosed arrangement provides for a combination of cable
connection from signal input or to signal output ports, to sub arrays of antenna clements,
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-atrays 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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connection fromsignal input or to signal output
ports, to sub arrays of antenna el enents, which then
connect the cable output or input to the individua
antenna el enments by way of printed transm ssion
lines. This disclosed arrangenent is shown
conceptually in Figure 20 4, where there is shown
three sub-arrays 300', 300%14nd 300"', each having a
series of transmtting antenna el enments 320 and
recei ving antenna el enments 310. Looking at sub-array
tr3fhissidn’ RS P24 Iritergompétingniae elansimitting SRHna roleneotsnidd ed the
together via printed transnission |line 225 and

 pHARE inhhRfssRIAlIRRNA]1 @lteroRibaing 1R @Edving antentebmhehfs 310 is made

together via printed transmission |ine 221. The
seffitfch@ REHUE UL ddiBed binBlif &f -iddtatioh RIVAEh I6¢ AAnsiiftiag 2Atenna
i nterconnecting the transmtting antenna el enents 320,

e?eﬁﬁi,-nis h90 AR kit REkiYihg BfERSdIGHentd 1. 22intéd rRHsRREIOR tink 1205 is
e receiving antenna elenments 310 is made sufficient

t
c%x‘ﬁle@tre&?%h de e i1 408 %R BRI 600 fanll SRInRld RhshsACHnd DB is

ransmtting antenna €lenments 320 and the receiving

. cglﬂgegﬁg g% ?tg%g?orl)tug)u% 560 ui'chulk 8, [uBRSEYS 500 ki 1306 gl%%ilinﬁaﬂy

ntenna” i nput 400 by cable 600 an
rinted transm ssion line 221 is connected to antenna

‘U ef)ﬁ’ 500 by cable 610. Sub-arrays 300" and 300"' are

simi| rolgyerité: gm:lr Sk ﬁl% de%i&d%egrg% {)f‘ 1901% e%%n%ﬂ%mq;ﬁérﬁ&ﬁs on

degre al | on bet ween enna el enents on

i.f f t b-.ar . Sl ' ' i .
il 377 g Rl KapeigRlabnL on P e b R Btk finted
|ines.as., I i. gl b- . ' .
bR R ol o SR Sy . e s L o
th i et Lh i nt i SSi ine.: . 1
Y P Ao GO0 G R0 o RARDE hghicRl ok cPHAR rphfiion. line
.th b- 30Q', dth i nt tr ) S5 '
i EORERRET RPN PECHRA MGt P P ERERRL, 4 o inted
sub-array 300", is,, de sufficient to provjde bt_he 3007, i
GRS LARTBREOBICS Y PSR SRR Pl O fhe Sob-aitay 3007, is
thréiggfxgc%tl tggﬁr@%a%‘t%g} pedlf tag_o%nngsgft igolaz,itﬂ)% btepv%:eic’l %llledsaid 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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The use of nmultiple cables to connect sub arrays
directly to an input signal source reduces the
effective length of printed transm ssion |ines thus
reducing the instance of signal degradation, and al so
reduces the amount of radio frequency energy | eaking
into the receiver tracks. 20 It wll be appreciated

that in sonme prior systens-uhich use only cable
connections to each antenna array elenent, a |arge
nunber of cable connectors are required to connect

ever yriad HRapededreaBditert @rdvives ianmiduedilendadf slyanteges from both
i ncreasing manufacturing and installation
sﬁﬂﬁglexities. -15- This disclosed arrangenent

provides a uni que bl end of advantages from both

SY St fiBiculal thPide| JFehisEs ackdiing 36 (HY disoddabd arragementipagyides the
t hi's 'di scl osed arrangenent provides the follow ng

vant ages. 5 a) The use of connecting cabl es provides

ﬁgg “%ﬁggﬁﬁﬁ?gor providing a high level of radio

(1 C0USIGY S ONald AL B R RO ol DY E1gh ove

T
trans dvery receive signals. This is

. o?ia g)n %ﬂ?!f%c%]%igﬁ’lgup&%%og %hb?eﬂ :ﬂ?érrlgéltx ﬁ%f@g%ﬁ;ﬁ&@ﬁt%d WhilyQbw level

urrenment 1o band
R S BlF U a STl Ei s b PP A imcAARG Wl i o systom
A e Reahie ShEINRt e orr ey modles
o r ecb Bherype g cpompstmearepre i 4 irRGel Al der connestion,from
bt B B A R L9y e o

I ons

bet ween array_ el enments and.the antenna f .. s
redformeaacs i§epiipized & feuas 0318“%21%%5 &ﬁr&e%}at“gﬁ%g%‘ﬁyo“r?d\ﬁﬁm’ﬁzc 08
Is proportional to the length of the transm ssion

the sngenng sid lobR%t

¢) 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, sqch that
remote antenna sub-arrays would not have identical signal amplitude as to the closest -
clements - 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
optinﬁzed 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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renot e antenna sub-arrays woul d not have identica

signal anplitude as to the closest elenents - the use
of cables to bring the identical signal to a smaller
array of elements reduces this problem d) By having

i ntegrated sub-arrays wth small nunber of antenna

el ements 20 connected by classical transm ssion |ine
techni ques, enabl es the nurtfer of interconnecti ng
cables to be reduced and al so allows the antenna
performance to be optimzed by ensuring . the antenna

can bBhusdersxempleckaving rasasdia Bgues 3, deeeiying ntpiug slement 310
with different spacings of Tx and Rx el enents at

ik hémberof a spgof 1eriving aenna plamentsonddhegsmiting,Fjtenypa element
regard to Figure 3, the receiving antenna el enment 310
306 isa mesndber oD& riagrdfigmenittingcaitenna glements that ligs dngidg of, and is
and the transmtting antenna el ement 320 is a nenber
cOfcetrit i with, ahe ting ngmivhith mlop sactizingaanddnpastament B4Q is jaggember.
inside of, and is concentric with, the ring of which
Sirharlye gRirvdefvinghatitenn alesicrnisotis 2 Menter af aein of recgiving antenna
Simlarly, the receiving antenna elenent 330 is a

. lBREhR thA licd ifisidtdo ind BC@invénnge aithpethaaingedfewtecit thet thasmitting

lies inside of, and is concentric with, the ring of

b1t hgit BR@RSiefnbag Siilheythe ehemitihg 3@enraselanent 340 is a
menber. Simlarly, the transmtting antenna el enent

13fbel §f 2 ringRFBesnBfind ahiehth Elbmértataliiss inside af) taad faconcentric
elenments that lies inside of, and is concentric wth,

WilkStHe iaf oPivhith hﬁfieae%gl':aﬁmhu ERAleA B30 iV BmehbaENt 330 iS
a menmber. 10 Although Figure 3 illustrates an exanple

in WhiAftEo' D erigiteCs Musthted ¥in LRBnpIE in GiHiGHI RS antdnhi® array 100 is
appr oach ‘%?eﬂgi\i/&iteng I nt egrated s%b- arrays with smal |

cE}W :tnhé; fsi]])pgﬂcfcﬁ NWohav ik SR BlafedCABIRGYE tith YsntdllpmEheR | of antenna

rans i ne techni ques enabl es antenna arrays

e?e%ignggcf‘o%g@ 8 %ﬂﬁﬁs\ﬂ i“tgaﬁmtﬂﬁsi% | iRt ﬂe&ﬁi%ueé? lenfHI@&Narft€Hsar frays

or rectangul ar; e transmtting and

I A 008 RN 216 RrRBEORE il i v
t?a%gﬁ%r{gi gltdereééﬁiﬂg -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



Hence, the configuration of the individual helices
remains fixed in terns of constant pitch and design,
and the spaci ngs between elenents is altered to
optim se the antenna performance. The use of standard
helical antenna el enents. is advantageous from both
performance and ease of nanufacturlng 20 Figure 5 is
a view from bel ow of base 2Q¢;.of Figure 3 and shows a
speci fic enbodi ment of the concept illustrated in
Figure 4. There can be seen the disclosed arrangenent
of  plirduzh edpdeti@rignis 284, (Penhdctimgoinh227 Ipeovides/murisput coppeciipn ferra
- side of base 200. Looking at base nodule 220 for

ex arvphl«e(nottsmnp)wmmwldtheamhqdwnemdlatwt 32nd st the iofgieng to

E ra%é{&a??é iy i ihed et Sl GG tho hi
tra 2 .

o RSt VL R s s BORE ) BB o SRl BY bl

wpmd%dg%_attached at one end at point 222 and at the

other end to a-signal splitter (not shown) itself

provi di n@rigte@tiishiadiondin€2vdlon bap mibdulle20 frevidss tigyransizeion path

. signal splitter will split the general input signal

t 0 duhibe receiiiheantduy elérerntdi 31 vispconrealan noint 822 9 wﬂﬂ% gepngwdon

Printed transm ssion |ine, 2 qn base rdeIe
Eon e

" pr 0\110'%%23&?1 Eansmy, e Hegaly Hepivg prtennd plements toa g% combiner

o b G B HETE TR e SRR el e tand ey
- (l@ce' ved fyes ﬁ@ﬂ&%@&mﬁm&m fhi GHRAha aamms BEBase

-(not shown) via cable (not shown) to.provide the

. genezoo_l out put of the antenna array. 10 Hol es 224

provide a nmeans to nmechanically retain the antenna-
el enent s. Rigrbhisdhe C2pdar mef@elwmsﬁ therantenna array

e R A I e e
gggr ;ngatcigg'q{ %’p%%gf&m%%s@g{g? ?I cu arcm{é | irsrwesir:%(tewnl ig the
' SIELO Vianthl) of A€ second disclosed aangement, being the modular dc51gn of base 200, this
. aspect of & combination of printed transmission lines and cables may equally be applied .

toanintegral base design.

" Furthermore, this disclosed arrangement may be-equally applied to an antenna
array providing only a transnitting fl.mcti.on or onllv a receiving function, and need notbe -
- 20 . lLimited to use with an integrated axray. In this embodiment, the disclosed memmt
WOuIﬁ appear as m Figure 4 with gub:an;.ys 300", 300" aﬁd. 300" having only the
transmitting antenma elements 320, printed transmission line 225, cable 600 and antenna

input 400 for a transmitting antenna amay or in the case of a receiving amay, only
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context of the second disclosed arrangenent, being the
nmodul ar desi gn of base 200, this aspect of a

conmbi nation of printed transm ssion |ines and cabl es
may. equally be applied to an integral base design.
Furthernore, this disclosed arrangenent may be. equal ly
applied to an antenna arrar providing only a
transmitting function or ontd a receiving function,

and need not be 20 - limted to use with an
integrated array. In this enbodinment, the discl?ged .
reseivinggatenns elowents)3 b peinted srgnsmissionylines224 apdicable 610 connecting
sub-arrays 300", 300" and 300'" having only the

therlme sovrtti¢nnagutpuit s®Ana el enents 320, printed

transm ssion |ine 225, cable 600 and antenna i nput

400 for a transm ttiingusiniabAppliabiiky or in the case of

a receiving array, only -18- receiving antenna ]

el ementis apgddent [frdni ttied abbova nbati the i diseldsed err@emantsl desapibed are
610 connecting the line to antenna output 500.

ab%lﬂ:kﬂﬁé td 1t tehRehinuabationtiydustry. S apparent from the above
that the disclosed arrangenents described are 5

. appl i B3kl 8 Lddrdisod tRAQROVATIONE Gspleitd Bf the Gussét ynvehtionnhavk been

be understood that the various aspects of the present
dedAVBAE iR Nt ANBLREDD spd€iSE N dnidirhétd faRd Cbatt enahy Ofariations and
speci fic enbodi ments and that many variations and

MR LEGRT 8 osAbR RABAI hk Escbpd lof Nhé RRriewOppeats dfhthe present
vari ous aspects of the present invention. 10 Thus,
iNehfigigh the description has been directed primarily

to helical antenna elenents, other antenna el enents

such $fiusP Wﬁ&@&@ﬁmﬁ% Beli A86bted ABmardifREMWSLiOA Antenna

"Figure I scl osed helix antenna. The

e?eﬂieﬁ@?&h&%ﬂ@ﬁﬂase?én&ts such as printed patches can be used.
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conductive ground plane 706 above which is disposed a
helical coil 704 (alternately 5 referred to in this
description as a "helix", a "helical coil" or the
like) that is electrically - term nated at the upper
end of the helix 704 with a spiral 702. The helix
antenna is depicted as having a vertical axis 700. In
a preferred enbodi nent, thethelical coil 704 conprises
between 1.5 and 3.5 turns. However, other nunbers of
turns can be used. Furthernore, the helix 704 is to
approxi matel y one wavel en§PPRENDIX Ari nus 10% of a

wavel ength in circunference. In addition, the spira
702 conprises between 2 and 4 turns, in a flat
configuration normal to the axis 700. Although the

gr oungisRkAne s il dRBlosddcdelas dhrtdnd)g The iantentaacomprises 2
shape |n Figure 7, in fact the extent of the ground

cBhdtve! g;% ﬁﬁ& 706 | dbb¥eRlwhichIi0 \Hisebdt  Bélical cdiRI0ANalternately
area 15 gre ter than two thirds of a wavelength in

gl et Reldciticall
r% ngﬁsfr?gfx iﬂﬁg Hgsgfl@a(ﬁl 2NOWRIA, 8 i“H8ick] &I 32 theike) dettically

702, and also a plan view 832

- "-m at £ %J[llg%e? ‘%gﬁ%f ttlgbehé"‘lixd’ﬁm\’bvﬁﬁv 28pfrall 702, Nehd KelikOghtenna is

i s disposed a distance 816

0 706 This first end 814 of the
i%lm%n igp N

as a ra |a p05|t|on about the axis 700 as

d?‘p' ChES pRYerRa BIRGENGE tﬁe\jﬁ&fc@l oot 14 dothphllS befbhbeR 1 3nd 3.5

VI ew woun | ock-w se

: t
W VR0 S PR O oo BE AL PlpaRRndt GRoRR 704 s

| ag{)r%gi'lce y lasgt geﬁﬂ'@%} plus fu Cu_ln?{/ b@’? q%r | %ﬂeﬁeﬁ@%: lxmﬁcmﬁe In

vary-bet ween

and 3.5, however the nu r ,of rns.c
aditiap.Fhe saveL 02 qopmppises o %m%ﬁsd%m 15§ f kil ngrml o
depi.cts one exanple of a helix being wound in a

thot {0 c| ockwi se direction connen0|ng fromthe first

end 814
glrl]g?n t%g &%ﬁh Sl%met: 1%66 is daeplcted 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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a quarter turns. The three and a quarter turns
conprise a first turn 812-810, a second turn 808-806,
a third turn 804-802, and a final quarter turn 800.
The final quarter turn 800 of 5 the helix 704 runs
froma radial position depicted by the arrow 814' to a
radi al position depicted by the arrow 838 which is
the upper end of the helix-Z04. The upper end of the
helix is connected to the outer end of the spiral 702
at a radial position 838. The first quarter turn of

t he hpld pelifO7b4 intligirees tepicts ofie examiie of arhslix deing gnoynd dn a
a point 846, describes an angle 844 with respect to a

cSlash e ckiiae ddstion toamending fromrthofirst brel 814CGmA ebmprise threesand

uniformy wound with a pitch angle 820, which can vary
298408 8ns3 Bfadhrée ARDA ?ﬁﬁer fnftfs @bmpfisel a0firsihtern 81081 0,% sbond turn
reference line 822. The angle 844 can be adjusted to

8?83-%0@\5%1 QEs804e8h2 BRESBAS Quater hiie 300D The fifal triwetehim K00 of
04. ough the angle is depicted as being greater

tﬁehlga'ﬂé 3% nﬂistﬂ"c{%(\e angHifl pddton HPicted By theldadlvr $1U! teca fudiay position

ther S can be adopted according to the

AT R R B ot

ﬂtco S%Qtecll B it g\ggreenﬁ 8f h{% sgi aﬁblﬁ &6, AadialPRekidn sg1gul ar

nsrtron can use e 844, together with

or oundEt RAE SabinBlot (PLIR 104, Whiof bxBRE (i aliRTehAS14 to o

groun stance 828 which is

PP %i%ﬁsafl %%ééﬁéls‘r%”%?"‘? rabey E"?%%%e“%fg?%sg%%aﬁ’%b"yﬂm
oehEBF ”“q”u%?ﬁhgheagﬁ% et 4405 wBlchtn Y7 o 3 ud 7
SR PP DI or»zs%af REFEE Ut B oTES éﬂ%%a*nc%&%taﬁ‘“md b

| a?ﬁg advar;]té a ]gg)%ﬁ ?‘%‘/‘re ust e{j(gt%%%e&]ﬁ@gpﬁgtgg%/ghl Iélggepwted

i i apés bl 3 e e
sirpiod posiog 1o Gerid iopediare ShhalOm afufeh U abhbP bange
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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connected by an outer end there of to the second end
842 of the helix 704 at a radial |ocation depicted by
the reference nunmeral 838. The spiral 702 has a
uniforminter-turn 5 pitch distance 836, and spirals

i nwards fromthe aforenentioned outer end that is
connected to the second end 842 of the helix, to an

i nner end 834 of the spirat2iz02. Other types of

~spiral can also be used. In a preferred arrangenent

the spiral 702 is located in a plane horizontal to the
axi s THRGelTR64 58 4 @bontlRdT4R thub\iesitmted,iin ths present arrangement,
arrangenments, be fornmed to have a conical 10 shape ]
RS Bid B Guiick s WoHRRASEEN afiDBIwO! e helin<t0éadThsf spiral 702 is
tapered transm ssion line being fornmed using the one

r A oPfo thbBedvalliexd 382 ob dievtetin B4t arrddial
C%g&g(ggyt;‘gé’%errgg%(%pl gng 706‘,3 ot her i npedance
mat chidl %ﬁm' G SncaYfotheRS 89812 The Epith@V62 hdsansifoss iimer-turn
H%ﬁ%§¢ﬁ§§ﬁ% g éecti%%s gan be useJ)to connect the

p{}%ﬁ%@%@?éﬁa&fl gﬁlﬂl‘fs Beldrds f0fh HR LbRniehfieHedeshter end that is

apparatus thereby achieving the

' cdesi t’rec??&)tl[l}gg&gﬁg gneq éﬁq‘f%&'ﬁlﬁ(g@v‘%ﬁ Blet ¥ndC882 JTehoWREE! T00. Other

0SS, ielectric constant
forner.to su rt t.he helix and spiral. Alternately,
W@gﬁ@l“?&aﬁﬁﬁgggu Fehed in copper on a thin low |oss
dielectric _filmwhich is t l. inf £pdhéhorizontal to the
cyl i nte? Pregg eﬂéxpaxh%epﬁgéﬁeggﬁi@géé ‘t%gaét&glélcefésar yonzona
mechanj cal . s ort.for reli J 81 ©H4A$ES conical
o O e e Gy B g ot SRS, AU LRI (TER conic
ant enna, el enent cag@p advant ageously used in the
shapeeEHES eiieh HPTE Wni"a@lz and 8 GHz, however it

can al so be used outside this fre nc

Fur t hiasieed of a taneedERRISSiAD Jipe tbﬁ‘é’%gg‘i"%% ‘E%gth? gue quarter turn
termnate the helix 704 is. foyng to provi ' \%

sommemt oo 0 begrn i i . a5 pitipd BRARVRIS, oter
axial ratio. The antenna is ideall -22-.suited .
impedanes melshing HHchrigRes Fach A5 QUaLF FAVP Fransigs c?ﬁ%asf‘fh%g sections

vessels or aircraft. The , .
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



antenna is a conpact, low profile radiator exhibiting
circular polarisation, mating it ideally suited for

use where size and performance are paranount such as

in mari ne, aeronautical and | and transport services.

5 -23- The Cainms: 1. An antenna array conprising a
plurality of antenna elenents for transmtting radio

frequency signals and/ or teceiving radi o frequency

signals, the plurality of antenna elenents 5 being
distributed on a base, wherein: the base is nmade from

s{hioll 8 Bhd oky ConealREGRNViE shatsies Wotkbichs, semel ok eifcraft. The
ogether to" formthe base, and each of the plurality

aRe SiolsroRRMadiafor teRRibRIngT dilciilay polerisatibenmaking it
‘ag%g%bﬁﬁgg&%%kg.oAn antenna array according to claim1l
i%é?lg% %xléige LRS SO Wheftf sii{&@b&fcﬁﬁtaﬁ& &6 paRbRaisuck| MR nhaine,

on a single base nmodul e are i nterconnected by

way of a i nte Lssion lines. 3. An antenna
agpﬁﬂgwﬂfﬁgﬁﬁgﬁﬁg éﬁgialﬁgl, wherein the plurality of
base nodul es are 15 connected to a signal input or
out put by way of cables. 4. An antenna array according

~to claim1, wherein the plurality of antenna el enents
include a plurality of transmtting antenna el ements
for transmtting radio frequency signals, and a
plurality of receiving antenna el enments for receiving
radi o frequency signals. 20 5. An antenna array
according to claim1, wherein each of the plurality of
base nodul es has sone of the plurality of :
transmtting antenna el enents and sone of the

" plurality of receiving antenna el ements.
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25 6. An antenna array according to claim1, wherein

the sone of the plurality of transmtting antenna

el enents di sposed on a single base nodul e are

interconnected by a first -2printed transm ssion |ine

and the sonme of the plurality of receiving antenna
Thedlleémsnts are interconnected by a second printed

transmssion line. 30 7. An antenna array according to

claim1l1l, wherein the plurality of base nodules are
l. cormestiada tgan comppirarig 4 ppealitopf anienpateldmenizgpr Gansmitting radio
feafihlh Shoni oy ARGAAC R AR RE AR bR ko cloments
beingidisglbeteth as & basodultcecii:s connected to a signal input by a

f I 5 ﬁ‘et ba%@psl Iﬁac%nlgjontl t—} lucfglﬁg e?fac&%%%asé&oﬁtﬂ@s‘ '&Hh&%&'dQGgether to

I's connected to a gn out put by a second

ﬁnm&bbgeanQ4 9. An antenna array according to claiml1,

wh %581 dF tﬁeﬁﬁ*r@lﬁg 6t }ga(s’«-r: HE% tﬁesq)%'wﬁ{é og bR R%' Q%tenﬁéjélex&taﬁs

plurality o tenna e ement s. epl aceab

nodul e for a base for an antenna array t he

r e%rﬁgxﬁ&lﬁg @n@g&hﬁx o CRiIP r1I %&gm the Me off ) pﬁl%@ ¥fi dHebnna

at ‘l'east one antenng el enent radiating o
elemegts@isppsag on adingle bhsearpdalsaye igterpaanested By py af elérlﬂted transmission
mw%ransnission line for conducting signals to or from

he at | east one antenna elenent; and 10 a connector

for connecting the printed transmssion line to a

cab t t

5. Ut e oY skl COIRET Mg BhRE or BiseDilodules e
congeqted treesignal iaputge ewpeibyigray of eablgbm 10, wherein the

nodul e further conprises a second port for receiving

a second antenna el ement. 15 12. A nodule for a base
4. f orAmantereciiny aaeqrdipe 4e cbimiln gvhersinc thainlyrally offetena, elements

inclﬁ(nbea ﬁ‘i(lrali@atﬁ{transmitting antenna elements for transmitting radio frequency signals,

and a plurality of receiving antenna elements for receiving radio frequency signals.

5. An antenna array according to claim 1, wherein each of the plurality of base modules
has some of the plurality of transmitting antenna elements and some of the plurality of

receiving antenna elements.

6. An antenna array according to claim 1, wherein the some of the plurality of
transmitting antenna elements disposed on a single base module are interconnected by a first
printed transmission line and the some of the plurality of receiving antenna elements are

interconnected by a second printed transmission line.

7. An antenna array according to claim 1, wherein the plurality of base modules are

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

8. An antenna array according to claim 1, 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.
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one antenna elenent is a transmtting antenna el ement
and the second antenna elenent is a receiving antenna
element. 20 13. A nodule for a base for an antenna
array according to claimZ4wherein the transm ssion
line is for connection to the transmtting antenna
9. el ememtensaairay heconduisfioslafiran 1 Wesrein hepieiferes agonaws gepund plane
Qe line for connection to the
fort% I’taﬁtg' O‘kgrﬂ&?jgﬁ%gl el'ement. 14. A nodule for a base
for an antenna array according to claim10, wherein
the t i 8,.f.or co tip I ARSIELESIaN d
b TRRERLE i) B Ch e ORASH et Mt BRTRRASAOR modue
componmglses a second connector for connecting the
Seconq‘t tt“c{ralgc‘?er@l 55, kalt! 88 e{n?enfxah Cle elgtnf%lr er'ﬁtfﬁ%t or t:!zéemg@ radio
nt’efna array conprising a plura ant enna
ﬁmmmwﬁBQM$ for transmtting and/ or rece|V|ng radi o
fr eg&ﬁ@e‘a a%&&@%&lshnev%? E:&{dﬂctl gc&xgtngl@t xufrgljn liiheY atqgast one antenna
e el eNent & are arranged In sub-arrays t
dammtemha el ements arranged in a single array are
Corlln go%lgcgor ﬁ) ec%ﬁrﬁc@ﬁ fl ;m{lte% 9£dsﬁ“s§ign 1ok aBSITesbi @8 electrical
d transm ssion line is connected
comteotual tg g mgiit quapgmtpuiroféleelggﬁal out put by a cable. 35
16. An antenna array according to claim15, wherein
each sub-array has at |east one transmtting antenna
11. el ehprduladet sbast Exsn anteenarasesiagdordingiot dHmal Oe Maereitthe module
furtl\iA%] g’om;;r?ses mﬁ&ﬂﬁﬁﬁ & r@t,refv% aasg&ﬁﬁ th@&atefénféhla' m 15,
erein eac array has a plurality of
transmtting antenna el enents and a plurality of
12.7ecg ImV hfg Y SEFQ ﬁ’or%%%ﬂﬁa%rra? al&rdiftATAIRNTIR WAkfeRthe at least
accor |ng to claim15, wherein the at |east one
onetantgmgnélemént ds aﬁ@eﬂﬁn@lng enterrarflenent aithihe sewad pateanasslgpept is
rmﬂn&%%%&%h@déné 4rst cable and the receiving antenna
I's connected to a signal output via a second
cable. 19. An antenna array according to claim 15,
13. V\’heA & Stuld $orPh LUa?eJ IedrY arPantb kANt bdch@ir@Noe B 190wherein the

el enents in one of the sub-arrays are connected to
trangistiorolineeip fai camaacﬁm AR TRINE 9P ClPme and the module further

comprises a second printed transmission line for connection to the receiving antenna element.

14. A module for a base for an antenna array according to claim 10, 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.

15. 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

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

the printed transmission line is connected to a signal input or a signal output by a cable.

16. An antenna array according to claim 15, wherein each sub-array has at least one

transmitting antenna element and at least one receiving antenna element.
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and the printed transm ssion line is connected to a
signal input via a first cable and the plurality of
transmtting antenna el enents in the sub-array are
connected to each other vi-d5>a second printed

transm ssion line and the second printed transm ssion
line is connected to a signal output via a second

17. CabAne antenna array according to claim 15, wherein each sub-array has a plurality of

transmitting antenna elements and a plurality of receiving antenna elements.

18. An antenna array according to claim 15, 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.

19. An antenna array according to claim 15, 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 cable and the plurality
of transmitting 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.



