1 DECEMBER 2006 -1 HELIX ANTENNA Field of the Invention The present invention relates
generally to antennas and, in particular, to helical antennas. 5 Background In Mobile Satellite System
(MSS) networks, antenna performance at the mobile terminal is critical in determining the
performance of the overall system. Considerable development work has thus bedrEpgeM8ERed0globally
relating to performance and implementation of antennadesigns that are suitable for terminals in such

networks. 10 Patch antennas were initially co%sﬂceggd mf their low physical profiles, and their

theoretical peart]k gaigs of gr:eater tha?] 7dB. In T afF tations, hovt\)/evgr, Ejmrl]Ch lower peak

gains were achieved. Furthermore, these antenpas have narrow frequency bandwidth performance,
S

and poor axial ratio performance at off- bore Hﬁ?ﬁ}ﬂfbally limiting their coverage to 25

d levati les. 15 The af tioned | inhas b dd d by ysi
phased array technigU8 WRSRAORAMERH e SR SIEMARES 1 BAFATBI LIRS Bibseo

drive network. This enables higher overall antenna gain to be achieved while accepting lower gains
from the individi&l&itenna elements. High gain phased-array antenna arrangements using patches,
with either manual or automatic antenna pointing, can 20 typically provide between 9dB and 18dB of
antenna gsain. The phased array drive networks iﬁﬁ %ﬁfé’ ¥lﬁdesirable losses into the antenna

arrangements, howevet, g ar %@ﬂlg'ﬁfﬁs‘%nﬂ'?ﬁm Retwor s?roa%gn%a{)‘ 8 Ol ORRraUnG IS sgey- Low
gain passive antennas using multfilar helrces or patcn elements have en
terminal is critical in determining the performance of the overall system. Considerable
development work has thus been performed globally relating to performance and
implementation of antenna designs that are suitable for terminals in such networks.

10 Patch antennas were initially considered because of their low physical profiles,
and their theoretical peak gains of greater than 7dB. In practical implementations,
however, much lower peak gains were achieved. Furthermore, these antennas have
narrow frequency bandwidth performance, and poor axial ratio performance at off-
boresite angles, thus typically limiting their coverage to 25 degree elevation angles.

15 The aforementioned low antenna gain has been addressed by using phased array
techniques which involve driving multiple antenna elements in parallel using a phased
drive network. This enables higher overall antenna gain to be achieved while accepting
lower gains from the individual antenna elements. High gain phased-array antenna
arrangements using patches, with either manual or automatic antenna pointing, can

20  typically provide between 9dB and 18dB of antenna gain. The phased array drive
networks introduce undesirable losses into the antenna arrangements, however, and are
complex to design across a broad range of operating frequency.

Low gain passive antennas using multifilar helices or patch elements have been

used in MSS networks, typically exhibiting antenna gains up to 6dB.



used in MSS networks, typically exhibiting antenna gains up to 6dB. 1 DECEMBER 2006 -2 Summary
An antenna concept disclosed herein provides a simple medium gain antenna, based on a low profile
helix terminated with a spiral. The antenna offers significantly higher antenna gain than patch antenna
arrangements. 5 According to a first aspect of the invention, there is provided an HerviaEentent
comprising: a ground plane: a cylindrical helix having @2uniform pitch, the cylindrical helix being
disposed above the ground plane, the cylindrical helix being connectable to a communications 10
apparatus at a first helix end, said first helix end b HH‘H}B ed near the ground plane; and a lateral

spiral substantially centred on the axis of the cylindrical helix, the spiral having a first end thereof

comected 1o A socond HeTHSHE: SIS N EIOS EbBING e pToRRe RSP (LR heii

to the first helix end, said lateral spiral thereby. terminating the antenna element. 15 According, to

another aspect BHhE VRO L B A AR AR b AT ASER ey fedn

network havin an eqllljigment feeltlj-line for connection to communication apparatus and a plurality of
EESnE ifs

element feed- ii o 8 Rk aﬁfﬁ%ﬁﬁ%ﬂ%ﬁfﬁaﬁém helix antenna elements, said phased

array feed network being 20,adaplecio collectively.connect salf pluraliy of eylindical heli anjenna
elements 1o the communlcéiﬁo% appara (¥ said pluratlll‘t)y’o 8y€iin ical helik ahtenna elements
arranged in a domino.tclxattern,

comprising:

a ground plane:

a cylindrical helix having a uniform pitch, the cylindrical helix being disposed
above the ground plane, the cylindrical helix being connectable to a communications

10  apparatus at a first helix end, said first helix end being located near the ground plane; and

a lateral spiral substantially centred on the axis of the cylindrical helix, the spiral
having a first end thereof connected to a second helix end, said second helix end being the
opposite end of the cylindrical helix to the first helix end, said lateral spiral thereby
terminating the antenna element.

15 According to another aspect of the invention, there is provided an antenna
comprising:

a phased array feed network having an equipment feed-line for connection to
communication apparatus and a plurality of element feed-lines for connection to a like
plurality of cylindrical helix antenna elements, said phased array feed network being

20  adapted to collectively connect said plurality of cylindrical helix antenna elements to the
communication apparatus; and

said plurality of cylindrical helix antenna elements arranged in a domino pattern,
each said cylindrical helix antenna element comprising a ground plane and a cylindrical
helix having a uniform pitch disposed above the ground plane, each said cylindrical helix

25  antenna element being individually connectable at a respective first cylindrical helix end



each said cylindrical helix antenna element comprising a ground plane and a cylindrical helix having a
uniform pitch disposed above the ground plane, each said cylindrical helix 25 antenna element being
individually connectable at a respective first cylindrical helix end 1 DECEMBER 2006 -3 located near
the ground plane to a respective element feed-line of the phased array feed netWORKEMHBIR b6
connect said cylindrical helix antenna element to the cédmmunications apparatus, wherein each said
cylindrical heh% antenna eéﬁment further comprises a Iate | spiral s stan{ %ﬂg ent don t? §X|s of
the cylindrical RSAY AR ISLBIAT AR % rﬁFB?%ttht &Pasit 88 Hed'td 8 #%'&hd being
the opposite end ofl}% lindrical helix ta the first # nd, said spjral thereh termlnatln the
antenna, Accdlehg T BiiRe ya%%aa%f%h : SETHEH. hd LSBFEA R AaBeah %%n%%lﬁ%%ma -
ground plane: 10 a plurality of cylindric sed above he (iié lane, each

cylincrical holiBd] &O%Efef&%%c N3 FELBRER LRt N Gp i e é)fﬁﬁgggasesﬁ i
network to a com Eatlonﬁ agat S, atk% res t| e flr tgellx Iot atT ar Ih round plane;
and a like plurgflltry 0?11 PR n reeac%rl s?anu% é’%(ls of i CIAL 188 rreasvﬁg%&lng

one of the pIurfalltty of c%{llndr cal hellc%sf said ea teral; |raI havin j[rst e(pd t ereg(lf C(?d ?cted to

a second helix EHd o? g%%rré)élblgﬁt mgooansee%(fl} e p drali é eéé) p G SECNd el Clﬁ‘elng

the opposite of th E lin mial helix to.the f| ix end sal eral sglral thereby terminating the
st X en ls,]ald S 1r e%r%% termin,

correspondlng ccor Ing {5 Shotiier & pec Sf theé THven on t &re'is prowded an antenna 20

comprising:

According to another aspect of the invention, there is provided an antenna
comprising:
a ground plane:

10 a plurality of cylindrical helices disposed above the ground plane, each said
cylindrical helix being connectable, via a respective feed line of an associated phased
array feed network to a communications apparatus, at a respective first helix end located
near the ground plane; and

a like plurality of lateral spirals, each substantially centred on the axis of the

15  corresponding one of the plurality of cylindrical helices, said each lateral spiral having a
first end thereof connected to a second helix end of the corresponding one of the plurality
of helices, said second helix end being the opposite end of the cylindrical helix to the first
helix end, said lateral spiral thereby terminating the corresponding helix.

According to another aspect of the invention, there is provided an antenna

20  comprising:

a ground plane:

a plurality of cylindrical helices disposed above the ground plane, each said
cylindrical helix being connectable, via a respective feed line of an associated switched
element feed network to a communications apparatus, at a respective first helix end

25  located near the ground plane; and



a ground plane: a plurality of cylindrical helices disposed above the ground plane, each said
cylindrical helix being connectable, via a respective feed line of an associated switched element feed
network to a communications apparatus, at a respective first helix end 25 located near the ground
plane; and 1 DECEMBER 2006 -4 a like plurality of lateral spirals, each substantiaHgi¢RERA0O the
axis of the corresponding one of the plurality of cylindical helices, said each lateral spiral having a

first end th f dt li d of th di f th lit
cytinrcal hiices, aid 1RErA AL el cTRIRASA: e LoTPRCAR RIS SR s

th tofthei tion, t [ id th Ny d tchi lindrical heli
antenna elemEHTVERII MR eyt GBI U S HBE CosSae QRO e o

lindrical helix havi [ itch, di d abgve th d plane, th lindgical helix bei
connectable 10 GO CHE SEDATLCRRY ThC e B S T 3 U AL el a
lateral 10 spiral tantial tred on th is of th lindrical.helix the lateral spiral [ first
end thereot oot UL o LeBa N R L Lty SERAETE CHE B e b Oa e Bnd of e
cylindrical_helix to the Rrst rgglix end %1 lateral S%iFatIhthereb IermiHéatin the cglindricaltﬁggx

S
antenna, 2aid method cS?ﬁpr}IslﬁlgtOthéél(gﬁeeprsagﬁegajustlnfj a Vlsté%rcl:’e, fom hper%‘floueﬂldapfgﬁe, of ﬂge first

helix end located near the round plane to thereby adjust the impegance f a tapered fransmission
e formed bURHEEN B BHTHLEpiac R T P B T Gt e IebRcrs of

the invention %Iil e%lgg € Iesr(r:llé)n egdm%ﬁggs[)g Sg%gﬁ}ll npfgntehea[)cgfq}ll\{l(ﬂgcsal helix having a uniform pitch

disposed above the ground plane, the cylindrical helix being connectable to a
communications apparatus at a first helix end located near the ground plane, and a lateral
10  spiral substantially centred on the axis of the cylindrical helix the lateral spiral having a
first end thereof connected to a second helix end, said second helix end being the opposite
end of the cylindrical helix to the first helix end, said lateral spiral thereby terminating the
cylindrical helix antenna, said method comprising the steps of:
adjusting a distance, from the ground plane, of the first helix end located near the
15 ground plane to thereby adjust the impedance of a tapered transmission line formed
between the ground plane and a first quarter turn of the cylindrical helix.
Other aspects of the invention are also disclosed.
Brief Description of the Drawings
One or more embodiments of the present invention will now be described with
20  reference to the drawings, in which:
Fig. 1 shows the disclosed helix antenna;
Fig. 2 shows side and plan views of the antenna;
Fig. 3 shows a typical azimuth radiation pattern for the antenna;

Fig. 4A shows a switched antenna arrangement using the antenna;



One or more embodiments of the present invention will now be described with 20 reference to the
drawings, in which: Fig. 1 shows the disclosed helix antenna; Fig. 2 shows side and plan views of the
antenna; Fig. 3 shows a typical azimuth radiation pattern for the antenna; Fig. 4A shows a switched
antenna arrangement using the antenna; 1 DECEMBER 2006 -5 Fig 4B shows sWHCAMEIHR QM6
antenna gain patterns for the arrangement shown in F?g 4A; Fig. 5 shows an elevation pattern for the
antenna; Fig. 6 shows d network fo has antenna usin x antenna 5 elements;
0. 7 shoves intor-olerié HISBRELE O B RP A ARIERACEBIT T SO BRSO O Riow
the antenna of Fjg. 6; Fig. 9 shows an antenna radiation pattern for the array antenna of Fig. 8; Fig. 10
depicts an arra'yl/igﬁl a using helix elements each having 20 helical 10 turns; Fig. 11 shows an
antenna radiation pattern f r the arra antenna of Fi 12 shows two antenna arrays disposed
on a common ground §ne gn oL ARPRGTHE %P{:tvf’e SPﬂ?e transmit/receive array of Fig. 12;
and Fig. 14 shows angther arra antefnn usin r{(h hellx nte na elements. 15.De alled D scré)tlon

including Best Mode F\%rg rehf%resn%e MG A an alrs‘?‘n ofe of Pnée%%o lf)l ylng ¥ drAWINGs to
steps andéor f%f\etr%réensé.whlch have the same reference numerals, those steps and/or features

Fig. 7 shows inter-element distances for the array antenna of Fig. 6;
Fig. 8 shows an isometric view the antenna of Fig. 6;
Fig. 9 shows an antenna radiation pattern for the array antenna of Fig. 8;

Fig. 10 depicts an array antenna using helix elements each having 20 helical

10  turns;
Fig. 11 shows an antenna radiation pattern for the array antenna of Fig. 10;
Fig. 12 shows two antenna arrays disposed on a common ground plane;
Fig. 13 shows an isometric view of the transmit/receive array of Fig. 12; and
Fig. 14 shows another array antenna using the helix antenna elements.

15 Detailed Description including Best Mode

Where reference is made in any one or more of the accompanying drawings to
steps and/or features, which have the same reference numerals, those steps and/or features
have for the purposes of this description the same function(s) or operation(s), unless the
contrary intention appears.

20 Fig. 1 shows the disclosed helix antenna. The antenna comprises a conductive
ground plane 106 above which is disposed a helical coil 104 (alternately referred to in this
description as a “helix”, a “helical coil” or the like) that is electrically terminated at the
upper end of the helix 104 with a spiral 102. The helix antenna is depicted as having a

vertical axis 100.



have for the purposes of this description the same function(s) or operation(s), unless the contrary
intention appears. 20 Fig. 1 shows the disclosed helix antenna. The antenna comprises a conductive
ground plane 106 above which is disposed a helical coil 104 (alternately referred to in this description
as a "helix", a "helical coil" or the like) that is electrically terminated at the upperi@CBHMiBERM26lIx 104
with a spiral 102. The helix antenna is depicted as havihg a vertical axis 100. 1 DECEMBER 2006 -6

In a preferred embodiment, the helical cojl 104 cqmprises bet 1.5 and 3.5 turns. However, other
imbors of turme oan Do DA RO ERINEIECH s HEIEEA £ b oA o VFSUel o s
minus 10% of a wavelength in circumference. In addition, the spiral 102 comprises betwe and 4
et iy 1 e e Rt D R e (e
having a circular shape in Fig. 1, in fact the extent of t round plane 106 is not critical, provided that
e o aros TSN 6 MR OO 1 ooty P B U SI 248 of the
helix 104 and t iral, 102, a so a plan %O view 232 thereof. Turning to the side view 224 the

el 104 o ACEBE i o B Y G S ol A S s R s SRS B e

end 214 05f theﬂpelix 104 has a radial position about the axis 100 as depicted by a reference numeral
214" in the planevﬁlé\l/\sl . The helix 104, when wound in a clock-wise direction produces right hand

15 cw_culgr polarlzatlorll)gﬁﬂodpvxfp en (\%vr%l]dﬂal IBTa%eC%] ter-cloclé\anésehd|rect|onirglrl?egus glsjel%l;t Pf;grad 1%rcular
polarization. The number of turns e

IX can )}E)i%%ﬁ’llﬁtvarysbgtvvlvne%%c
fact the extent of the ground plane 106 is not critical, provided that it has an area greater
than two thirds of a wavelength in diameter.

Fig. 2 shows a side view 224 of the helix 104 and the spiral 102, and also a plan

10 view 232 thereof. Turning to the side view 224 the helix 104 has a first end 214 that is
disposed a distance 216 above the ground plane 106. This first end 214 of the helix 104
has a radial position about the axis 100 as depicted by a reference numeral 214’ in the
plan view 232.

The helix 104, when wound in a clock-wise direction produces right hand

15  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.

The helix 104 in Fig. 2 depicts one example of a helix being wound in a counter-
clockwise direction commencing from the first end 214 and comprises three and a quarter

20  turns. The three and a quarter turns comprise a first turn 212-210, a second turn 208-206,
a third turn 204-202, and a final quarter turn 200. The final quarter turn 200 of the helix
104 runs from a radial position depicted by the arrow 214’ to a radial position depicted by

the arrow 238 which is the upper end of the helix 104. The upper end of the helix is

connected to the outer end of the spiral 102 at a radial position 238.



1.5 and 3.5, however the number of turns can be varied outside these limits. The helix 104 in Fig. 2
depicts one example of a helix being wound in a counter- clockwise direction commencing from the
first end 214 and comprises three and a quarter 20 turns. The three and a quarter turns comprise a
first turn 212-210, a second turn 208-206, a third turn 204-202, and a final quarte™EeCRMBBR To® final
quarter turn 200 of the helix 104 runs from a radial podition depicted by the arrow 214' to a radial
position depicted by E row 238 WhICh i égg u E heli 1f gﬁ %3 f the helix
is connected to the o % R SP?HS ? aﬁ‘%gf B’g’ﬁ? ﬁé I\}/‘I{g% g é) ©2rhe
first quarter turn ofgg lix 104, WhIC ds from the first (?{iAt t 246, descripes an
angle 244 wi PO S S 106 AR5 A FERRARIbr e 1R 334 APLATBIGEBLIE with o

itch le 22 et d7 d the h ntal ref
222 The ang %4@9%%% e e e

Although the ac{%%lég glg a?(fe(%%%ldga Elmg ter errlgrpcthlen% d&n Cnplg 220, tB &lsé a{illuitrag]\éesa%gl% and

other angles ca "§edired inipeda ermore alt rupt

change bsetwee thea Ies 44%%‘%2209 geurs att g%rﬁ % ractlc{ %moothd
angular tran3|ta8n1%\éen eﬂgeedlr% &4 eez%R“ oge erew dIS an eGan REHERATSt end
214 from the % und plane 1 6e abI| sadl 228 \thItChtIS loc ted arter turn frorg the
helix first end 214 Fhe' radial locatio he%ls n(’:e Qszlé IS e%iéﬁgdog)ytﬁél reference r%r%erale 238 1in

the plane wew& Q%C%rr}%ﬁqg %t%rl etu({ spegme @afngseno %hl%%él %e%"[vc\%‘ T‘n 2§ e4§ﬁ?n fggrrll"lgse a

tapered transmlsé)on line withthe grou ane'n
advantageousbyt JUSt%% ggélgg(%f i 8y2381%§gu1% ﬂlet}?en (l)?n%%}% in Fig. 2, in practice a smooth

angular transition can be used.

10 The angle 244, together with the distance 216 of the helix first end 214 from the
ground plane 106 establishes a distance 228 which is located a quarter turn from the helix
first end 214. The radial location of the distance 228 is depicted by the reference numeral
238 in the plane view 232. The one quarter turn segment of the helix 104 between 214
and 238 forms a tapered transmission line with the ground plane 106. As noted, the

15  distance 216 can be advantageously adjusted, for example by adjusting the angle 244, in
order to match an input impedance of the helix 104 as desired.

The helix 104 has a second end 242 that is situated, in the present arrangement,
three and a quarter turns from the first end 214 of the helix 104. The spiral 102 is
connected by an outer end there of to the second end 242 of the helix 104 at a radial

20  location depicted by the reference numeral 238. The spiral 102 has a uniform inter-turn
pitch distance 236, and spirals inwards from the aforementioned outer end that is
connected to the second end 242 of the helix, to an inner end 234 of the spiral 102. Other

types of spiral can also be used.



order to match an input impedance of the helix 104 as desired. The helix 104 has a second end 242
that is situated, in the present arrangement, three and a quarter turns from the first end 214 of the
helix 104. The spiral 102 is connected by an outer end there of to the second end 242 of the helix 104
at a radial 20 location depicted by the reference numeral 238. The spiral 102 has$ BHIFGBERIRMEE-turn
pitch distance 236, and spirals inwards from the aforerfientioned outer end that is connected to the
second end 242 of the helix, to an inner end 234 of the spiral 1Q2. Other types of spiral can also be
eedt 1 DECEMBER J006PS 1 B DTN AGAREHT T2 SolPai Ee s WaRsc PO B O zontal
to the axis 100..T|ﬁ piral 102 owever, in other arrangements, be formed.to have a conical
shape pointind RHOP U RIS HOASAR BROKS Vet A TEARERR Banes RIS REBEAGBIME

using the one quarter turn 5 stﬁ ment of the helix 104 between 214 and 238 and the ground plane
106, other imf) SRETHAEHING BRAATGEEE SUURY Guarter wave transmission line matching sections
can be used to conne(it the irs% end Zldac%f the helix 104 t%the irgtendgd comr%unicationarta paratus
thereby achieving the SIS dolmapé%)gﬁ%e rrr?gfé?lli%sé(.ml' EheT'eaR bE made %v?’/iroen,e SRS R low
loss, low dielectric cons?fnl;1 10 for to support rih heli I%ggj spi aéhAlternat ly, the helix can be
etched n CopsEFBATh, T TouH0ss LA eHHE R WEicHTe ih FoHledto RTS SJifel il method
provides the ncessary meghanioal suppon for reisble operation, and causes, minimal, distuborce to
the radiated wave. This antenneelement can pe a(ﬂ/arIﬁageously usedin tlﬁelfrequencygbandaoetween
151 GHz and 8 GHiz, Ngueven P 2B Peo kO LS iR TEAYS AR A e T RSN ion
apparatus thereby achieving the desired impedance matching.
The helix can be made of wire, wound on a low loss, low dielectric constant
10  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
15 1 GHz and 8 GHz, however it can also be used outside this frequency band. Furthermore,
the addition of the spiral 102 to terminate the helix 104 is found to provide improved
beam shaping and a significant decrease in the antenna axial ratio. The antenna is ideally
suited for two-way communications via satellite to vehicles, vessels or aircraft. The
antenna is a compact, low profile radiator exhibiting circular polarisation, making it
20  ideally suited for use where size and performance are paramount such as in marine,
aeronautical and land transport services.
Fig. 3 shows a typical radiation pattern for the antenna of Fig. 1. which is seen to
have high radiated power gain compared to other types of antenna of similar dimensions.

The antenna of Fig. 1 has a low profile and a compact structure, thereby making

25 it an ideal radiator when used alone. It can also be used as a radiating element in an



the addition of the spiral 102 to terminate the helix 104 is found to provide improved beam shaping
and a significant decrease in the antenna axial ratio. The antenna is ideally suited for two-way
communications via satellite to vehicles, vessels or aircraft. The antenna is a compact, low profile
radiator exhibiting circular polarisation, making it 20 ideally suited for use where BiZECANBPRA@Nance
are paramount such as in marine, aeronautical and lafld transport services. Fig. 3 shows a typical

radiation pattern for the antenna of Fig. 1. which.is seen to have high radiated power gain compared
(0 other types SUSHBATAL! Bl ST QIOHE A B b BIG S RSSO BT PRI Ebmpact
structure, thereby making 25 it an ideal radiator when used alone. It can also be used as a radijating
element in an TBECERIBERS008 SURRS: AL S R i e PO e SR
provides highey individual . antenna gains han,forle mple, patch antenna el meréts, the complex
Phasing netwdfkb AafcbitFaniratth GriiG BHUER RO B SRR R ePh ks ARAYe ARy can
be replaced with a simple low.lo ntenna switching network in order. to select individual. 5 anfenna
clements acodTaNE o AL SRR TS AFaa I T GO AN U hED DR ARG

owd'a paﬁ/%li sWitthéd-8ément'a rangement
400. A general _omnidirectionpal antﬁnn angement uses a series of 6 to 8 switched elements
clements accordi

ar
comprising sall Anténnas accor |nélgaototﬁeearrrgﬁté%%rgﬂ%?q:ig. 1, each antenna having a peak gain

of at least 8 dBi after switching network losses. The depiction in Fig. 4A is dire to g 10 single 90
guadrant between dasff;léd I?r‘f%sSEBW%n% b 1ﬁ)r Se%{%@l 8@ C (i%rgﬁlﬁ%io#rall}%eergergm%ﬁ(?ia e en%ﬁltesfg 06,

402 and 420 are disposc o an anienna housing 416, The apienna. clements. 406,402 and 420 are
B §i P e S daseT B W 404,

arranged SO thoaI.{Hﬁ’l'lelr eam angles poin respecﬁ% Saﬂ’%sc 1ons deplc
424 and 422. 'SI'IPIEH’:IQI% e%%%seggcrp)re 1¥1$g (()) ?he arrangement of Fig. 1, each antenna having a peak gain of
at least 8 dBi after switching network losses. The depiction in Fig. 4A is directed to a
10  single 90° quadrant between dashed lines 404 and 422 for ease of description. Three
antenna elements 406, 402 and 420 are disposed on an antenna housing 418. The antenna
elements 406, 402 and 420 are arranged so that their beam angles point in respective
directions depicted by the dashed arrows 404, 424 and 422. The antenna elements 406,
402 and 420 are connected by respective feed lines 410, 416 and 414 to a switch
15 arrangement 408, and thence by means of a connection 412 to the communications
apparatus. The apparatus can be a transmitter, a receiver, or a duplexer to which both are
connected for simultaneous transmit/receive.

It will be apparent that antennas according to the arrangement of Fig. 1 can also
be incorporated into a phased array by introducing a phased array feed network, instead of
20  the switched feed network shown in Fig. SA, to thereby form a phased array antenna. This

is described in more detail in regard to Figs. 6-14.
Fig. 4B depicts antenna beams 426, 430 and 434 that are associated with the
respective antenna elements 406, 402 and 420, the beams being orientated along

directions depicted by dashed arrows 404°, 424’ and 422’ which correspond to respective

25  directions 404, 424 and 422 in Fig. 4A.



402 and 420 are connected by respective feed lines 410, 416 and 414 to a switch 15 arrangement
408, and thence by means of a connection 412 to the communications apparatus. The apparatus can
be a transmitter, a receiver, or a duplexer to which both are connected for simultaneous
transmit/receive. It will be apparent that antennas according to the arrangement bbE{FMBEar2 @IS0 be
incorporated into a phased array by introducing a phaséd array feed network, instead of 20 the

switched feed network shown in Fig..5A, to thereb%/f rm a ph dfarra}(/ ant?nna. his js de Bribed in
more detail n regard IR EOP AR BRI S b8, e B ks Gs! 456 X8 e ) 28 HRigclyd DY

iated with the . ti | 406, 402 and 420, the b bei ientated al
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directi 404,424 and 422 in Fig, 4A. 1 DECEMBER 2006 .-10 F ional tive th
e 426, for SEAHBTe, H8 R TE SR By~ SRTIER R T T 7 GRSt i B r (e
switching arragg;;}lnentio& Similarl%l the beamré§4 c%n be selected by switching the connection 412

to the feed line lﬂglﬁge tsh“éltg\t/{/lf%gh ﬁrﬁnér?rarll ate4 nt %08’ 8hd so on. 5 Fig. 5 shows an elevation

pattern for the antenna sh in Fig. 1. The peak antenna gain is in excess of 9.dB, with broa
Coverage ber clevatiGangRs om0 A0 g Rt VS Mo HO s S hay S Mebtoved,

if required, by incorporating an extra a a element pointing to the zenith. This element i
connected 1o (LTI 165 10D AP oA ) RS SOt IOR Shdfe helix
with only appr%igg%%%ersnanual pointing of the antenna would also

The coverage at the zenith may be improved, if required, by incorporating an
extra antenna element pointing to the zenith. This element is connected to the switched
10 array 400, for example, to provide coverage at the zenith.
A single helix with only approximate manual pointing of the antenna would also
be attractive for non-mobile applications.
Fig. 6 shows a feed network 600 for a phased array antenna using five helix
antenna elements as previously described, these antenna elements being arranged in a
15 domino configuration. The feed network depicted in Fig. 6 can be implemented in a
number of different ways, including microstrip and stripline, for example. When the
array antenna in Fig. 6 is used as a transmitting array, a signal 602 is input at 603 and
flows through a divider network 604. Energy flows to another divider 605 and is
distributed along feed-lines 613 and 614 to respective helix antenna elements 601 and
20  608. The aforementioned helix antenna elements are shown in dashed form in order not to
obscure details of the feed network 600.
The input signal 602 is also distributed by the divider 604 to another divider 606
which provides energy along a feed-line 616 to a helix antenna element 615. The divider
606 also provides signal power to another divider 607 which provides signal along

25  respective feed arms 610 and 611 to respective helix antenna elements 609 and 612.



be attractive for non-mobile applications. Fig. 6 shows a feed network 600 for a phased array antenna
using five helix antenna elements as previously described, these antenna elements being arranged in
a 15 domino configuration. The feed network depicted in Fig. 6 can be implemented in a number of
different ways, including microstrip and stripline, for example. When the array anf@ftEMAERGO®is
used as a transmitting array, a signal 602 is input at 683-and flows through a divider network 604.
Energy flows to another divider 605 and is _distributed along feed-lines 613 and 614 to respective helix
antenna elements 60110 50 68" fHe IR ESRIALAMERK Ahfrih4 IBIHETHS Hrd B 1 Bsshed

form in order not to .obscure. details of th%fe d network 600. The ingu#si‘%snﬁl 602 is also distributed by
the divider 60&‘?&%\&‘8@48‘(%%&%?%6%6'%%Fo%ﬂﬁ’eesa&%‘?bayaéﬁ%é L RS TN E 1B 16 I Mtenna

element 615. The divider. 606 also provides S} ri)al ower to aﬂother djvic(iier 607 which provides signal
along 25 respé%rt%ye%ge&% rﬁ%sgilaeaaﬁg)gﬂ%aes?p(glﬁ?ﬁ}g%lgli SREEIRA NN 609 and 612. 1
DECEMBER 2006 -11 The f : k 600 is depicted in Fig. 6 tinat itti

]5 ?f%ggf%ﬁ or is e§dc}(ra in Fig astg)gompo entin a transmitting
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600. Furthermore, the,energy, delivered tq.each of the radiating elements is equal, and thus "upiform
amplitude welTAEeagth Bhotts itk empnt S cahat ™ thas “lugroin amplindd 4"

I e B S bRt S RS SIR eprcs
line lengths and/or amplitude weighting can be used to achieve specific array antenna
characteristics. The antenna elements 601, 608, 615, 609 and 612 are disposed on a

10  common ground plane such as 1211 in Fig. 13.

Fig. 7 shows a plan view 700 of the helix antenna elements 601, 608, 615, 609
and 612 without the feed network 600 and in a domino pattern, i.e., pattern of domino
pips, here five. The central helix antenna element 615 is located at a radial inter-element
distance 702 from the antenna element 601. The radial inter-element distance 702 can

15  vary between 0.5\ and 2.5\ at the frequency of operation of the antenna array. Radial
inter-element distances 705, 706 and 703 are equal to the radial inter-element distance
702. An inter-element distance 701 between the helix antenna elements 601 and 608 can
corresponding vary between 0.7\ and 3.5A at the frequency of operation of the antenna
array. Inter-element distances 704, 708 and 707 are equal in length to the inter-element
20  spacing 701. The inter-element spacings described in relation to Fig. 7 are also applicable
to the other array antenna arrangements described in relation to Figs. 8, 10, 12, 13 and 14.

Fig. 8 show an isometric view 800 of five helix antenna elements 801-805, each

having five helical turns, that are disposed on a common ground plane with inter-element

spacings as shown in Fig. 7. Each helix antenna element 801-805 is shown positioned on



10 common ground plane such as 1211 in Fig. 13. Fig. 7 shows a plan view 700 of the helix antenna
elements 601, 608, 615, 609 and 612 without the feed network 600 and in a domino pattern, i.e.,
pattern of domino pips, here five. The central helix antenna element 615 is located at a radial
inter-element distance 702 from the antenna element 601. The radial inter-elemeREAR@IET@2 can
15 vary between 0.5k and 2.5k at the frequency of opération of the antenna array. Radial

inter-element distanc s 05, 706 and re equal to the radjal inter-element distance. 702. An
inter-olement HidtaHad %sﬁﬁgsmrgé?@ A oA B i BB e B s Uiy vary
between 0.7k and 3.5k at the frequenc eration anten rray. Inter-element distances
20t 708 and FENEIE SO SR  F Ebs %@Bé%}ﬁ‘léﬂo%f%eﬁtt@ Slement spacings
described in relation t 7 are also a licable,. to the other enna arran eme described
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depicted by reference numerals 903-905, are shown in Fig. 9, depicting the gain for the
10  array antenna of Fig. 8 measured at relative lateral orientations of 0, 45 and 90 degrees for
the array antenna 800.

Fig. 10 depicts an array antenna 1000 similar to that shown in Fig. 8, but using
helix elements each having 20 helical turns. It has been found that as the number of turns
in the helix element increases, the antenna element axial ratio decreases as well, thereby

15  reducing the need for the spiral terminating element. The helix pitch angle 220 (see Fig.
2) which for low profile helix elements such as are illustrated in Fig. 2 can vary between
3 and 7 degrees referred to the horizontal reference line 222, increases as the number of
turns in the helix element increases, the pitch increasing to a value lying between 10 — 14
degrees. The array 1000 comprises 5 helix antenna elements 1001-1005 which are

20  disposed in a similar pattern to that shown in Fig. 8. The helix elements 1001-1005 are
disposed on a common ground plane depicted by 1006.

Fig. 11 depicts an array gain radiation pattern 1100 for the array antenna 1000 of
Fig. 10. The radiation pattern is plotted against a vertical axis 1101 depicting power gain
in dB and a horizontal axis 1102 depicting angular deviation in degrees from the boresite

25  axis of the array antenna 1000. Three gain patterns 1103-1105 are plotted in Fig. 11,



depicted by reference numerals 903-905, are shown in Fig. 9, depicting the gain for the 10 array
antenna of Fig. 8 measured at relative lateral orientations of 0, 45 and 90 degrees for the array
antenna 800. Fig. 10 depicts an array antenna 1000 similar to that shown in Fig. 8, but using helix
elements each having 20 helical turns. It has been found that as the number of tUPTECENBEER Bedix
element increases, the antenna element axial ratio dedfeases as well, thereby 15 reducing the need

for the spiral terminating element. The helix pitch angle 22 gee Fig. .2) which for low profile helix
elements suc SR SBACATRSAITEIG: BUAAVEIY BENHEH "Sar e SN B zonta
reference line 222, increasEé?gas the number of turns in the helix element increases, the pitch
increasing to ﬁgg}'uaélfﬁﬁ]ﬁ een 10 - 14 degrees. The array 1000 comprises 5 helix antenna

elements 1001-1005 .icggr%‘zo dé‘%posed in a similar atterg to that shown i% Fi%.& T{e }aejciq<
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arrays such as those depicte igs. 8 an &an & tis5o28Y 61 & comnion ground plaie N order

to act, for example, as re tive .5 transmit and [ rays. In Eig. 12 one array is depicted by
arge hashed TS0 DY J5s SR e e 2R 2 Tl ol S B TR e

1206-1210. Tg?r%;r%gnsisting of the radiating elements 1201-1205 in order to maximise the inter-

element spacing between elements of the two arrays. The inter-element spacing within
10  each distinct array is consistent with the inter-element spacings described in relation to
Fig. 7. In Fig. 12 the relative inter-element spacing for the two depicted arrays is
different since they operate at different frequencies, one frequency being allocated to the
transmit function, and the other frequency being allocated to the receive function.
Fig. 13 shows an isometric view 1300 of the transmit/receive array of Fig. 12.
15  The individual radiating elements 1201-1205 for the one array and 1206-1210 for the
second array are shown mounted on a common ground plane 1211. The central radiating
element 1208 is located within the central radiating element 1203.
Fig. 14 shows another arrangement 1400 of an array antenna using the helix
antenna elements described in relation to Figs. 8, 10 and 13. In Fig. 14 helix radiating
20  elements 1401-1416 are arranged in a rectangular grid arrangement with horizontal inter-
element spacings depicted by an arrow 1418 and vertical inter-element spacings depicted
by an arrow 1417.
Industrial Applicability
It is apparent from the above that the arrangements described are applicable to

25  the mobile communication industry.



constituted by the radiating elements 1206-1210 is laterally rotated with respect to the array consisting
of the radiating elements 1201-1205 in order to maximise the inter- element spacing between
elements of the two arrays. The inter-element spacing within 10 each distinct array is consistent with
the inter-element spacings described in relation to Fig. 7. In Fig. 12 the relative inb@CEMBERTSpacing
for the two depicted arrays is different since they operkite at different frequencies, one frequency

being allocated to the g[l:gm mit funct(i%n, a[?rlld the other fr%gﬁﬁn% being% llocated to the received
function. Fig. 13 showd %h 2SR AN A0 0F (98 SHAPRRIFERAR, @ LS POFEN. 548 Pr 40
individual radiating elements 1201-1205 for the one array and 1206-1210 for the second array are
Shown mount G BB GRS HORS e TP A e T LB BB T R oAy
within the central ra(iialtlin element 1203 F!# 14 sgo.vvs @mther arra %ement 1400 of an array
antenna using HHE USRI ARYSANT e Bi AR SR B T8 NGNS B RS G5, 1 Fig. 14 helix
radiating 20 elements 1401-1416 are arranged in a rectangular grid arrangement with horizontal inter
element spacings depicted by an arrow 1418 and vertical inter-element spacings depicted by an arrow
1417. Industrial Applicability It is apparent from the above that the arrangements described are
applicable to 25 the mobile communication industry. 1 DECEMBER 2006 -14 The foregoing
describes only some embodiments of the present invention, and modifications and/or changes can be

made thereto without departing from the scope and spirit of the invention, the embodiments being
illustrative and not restrictive. 1 DECEMBER 2006



-15 The claims defining the invention are as follows: 1. An antenna element comprising: a ground
plane: 5 a cylindrical helix having a uniform pitch, the cylindrical helix being disposed above the
ground plane, the cylindrical helix being connectable to a communications apparatus at a first helix
end, said first helix end being located near the ground plane; and a lateral spirallSDBSEMBIER Y ®Wentred
on the axis of the cylindrical helix, the spiral having a fitst end thereof connected to a second helix

end, said secqpd helix ey‘#}em ﬁpre,lo opposite enﬁ f the cylindrical helix to the first helix end, said
lateral spiral tﬁﬂ?gk‘f P! HHH% 831%%‘?‘&‘3‘&5 "B antenna element according to claim 1,
wherein the axis of the cylindrical helix is substantially perpendicular to the ground plane. 15 3. An
antenna element according to claim 1, wherein the lateral spiral lies in a flat plane that is substantially
perpendicular {o the axjs of the helix. 4. An antenna element according to claim 1, further including a
tapered 20 transmissi A ARSEBHREREY beRbEsH he communications apparatus and the first end of
the cylindrical helix located near the ground plane. 5. An antenna element according to claim 1,

wherein: 1 DECEMBER® Pi8'the cylindrical helix has (a) between 1.5 and 3.5 turns, (b) a pitch

angle of etween 3 and 7, degrecs, 0 (8 8. umISTENse O REWARR A A L A gisnglhs:

above the ground plane, the cylindrical helix being connectable to a communications
apparatus at a first helix end, said first helix end being located near the ground plane; and

a lateral spiral substantially centred on the axis of the cylindrical helix, the spiral

having a first end thereof connected to a second helix end, said second helix end being the

10  opposite end of the cylindrical helix to the first helix end, said lateral spiral thereby

terminating the antenna element.

2. An antenna element according to claim 1, wherein the axis of the cylindrical
helix is substantially perpendicular to the ground plane.

15
3. An antenna element according to claim 1, wherein the lateral spiral lies in a flat

plane that is substantially perpendicular to the axis of the helix.
4. An antenna element according to claim 1, further including a tapered
20  transmission line connected between the communications apparatus and the first end of

the cylindrical helix located near the ground plane.

5. An antenna element according to claim 1, wherein:



the lateral spiral has between 1 and 4 turns. 5 6. An antenna element according to claim 1, wherein:
the cylindrical helix has (a) between 3.5 and 40 turns, (b) a pitch angle of between 10 and 14 degrees,
and (c) a circumference of between 0.9 and 1.15 wavelengths; and 10 the lateral spiral has between 1
and 4 turns. 7. An antenna comprising: a switched element feed network having ®EEEMBEREND6
feed-line for connection to communication apparatus &d a plurality of element feed-lines for

connection to a like 15 plurality of cylindrical helix antenna elemenis_according to claim 1, said
switched element feed eﬁﬁﬂ%&i@?ﬁé‘g& d(% CSHHER a}§4e ae%’%ﬁgrg?’t@c?/lﬂ&j%ﬁpﬁEiQ f
antenna elements to the ¢ unication apparatus; and said plyrality of cylindrical helix antenna
clements. sicOEFRHEANA DS G A RS UGS Bhepsdt A0 il Bl el saic
cylindrical helix %ntenna 20 element being individually connectable at a respective said first helix end
located near tf& ground plane to a respective element feed-line of the switched element feed network

to thereby connect to rl?e communiqe{ﬂﬁ%rgseta éJar tusd g.tAn antenna array comprising: 1 DECEMBER
! .

2006 -17 a phased artraillflé%ré e VNG An §&U|pmuéP1%'feed-line for connection to

communication apparatus and a plurality of element feed-lines for connection to a like plurality of
cylindricalshelix antenna elements according to claim 1, said phased array feed network being

llectivel nn id plurali cvlindrical heli )
adapted to co %e ctive yACr? ant%%}lg%iglge%taact 0%1%% todcfgl%l ,ew)ilerem:

the cylindrical helix has (a) between 3.5 and 40 turns, (b) a pitch angle of
between 10 and 14 degrees, and (c) a circumference of between 0.9 and 1.15
wavelengths; and

10 the lateral spiral has between 1 and 4 turns.

7. An antenna comprising:
a switched element feed network having an equipment feed-line for connection
to communication apparatus and a plurality of element feed-lines for connection to a like
15  plurality of cylindrical helix antenna elements according to claim 1, said switched
element feed network being adapted to connect a selected one of the cylindrical helix
antenna elements to the communication apparatus; and
said plurality of cylindrical helix antenna elements, said cylindrical helix antenna
elements being disposed above said ground plane, each said cylindrical helix antenna
20  element being individually connectable at a respective said first helix end located near the
ground plane to a respective element feed-line of the switched element feed network to

thereby connect to the communications apparatus.

8. An antenna array comprising:



5 antenna elements to the communication apparatus; and said plurality of cylindrical helix antenna
elements, said cylindrical helix antenna elements being disposed above said ground plane, each said
cylindrical helix antenna element being individually connectable at a respective said first helix end
located near the ground plane to a respective element feed-line of the phased ari§CiegaHREI0OrK to
10 thereby connect to the communications apparatus. i9.-An antenna array according to claim 8,

wherein the plurality of cylindrical helix antenna elements are arranged. in a domino pattern. 15 10. An

antonna ity comrEHALa it AR WO Ay e L SFGHE e AR Eohection

to communication apparatus and a pluralit o{ element feed-lines f r.conr}ection to a like plyrality of

cylindrical hel BHRIIGA BahARRAS i IhARTAEL Ho ST RERM SR BN | SbsSR S olieculby

connect said pIiJraIf't lindrical helix antenna eg%ments to thg. 20 co murlicati.é()ln EE‘%ES atus; and
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connectable atn rES{)qctivenIir?t a}llindri%?l helix end ZSE]%cated near the ground plane to a respective
element féed-fihe & ﬁe%ﬁ’as%& ar?ac)? eed L DECEMS, %66‘8 -18 network to thereby connect said

cylindrical helix antenna.glelme to %he co(i’nmmi ations a R ratus, wherei edach Isﬁ"(ii C)élindrical helix
Sal ura lg (§) (ig%ll’l r|1ca eliX antenng. %men Sa Crpf?hn rica ?H‘% ntelmna .
antenna element further comprises a lateral “Spiral 'substantially centred ofrthe axis of the cylindrical
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element being individually connectable at a respective said first helix end located near the
ground plane to a respective element feed-line of the phased array feed network to

10  thereby connect to the communications apparatus.

0. An antenna array according to claim 8, wherein the plurality of cylindrical helix

antenna elements are arranged in a domino pattern.

15 10. An antenna array comprising:

a phased array feed network having an equipment feed-line for connection to
communication apparatus and a plurality of element feed-lines for connection to a like
plurality of cylindrical helix antenna elements, said phased array feed network being
adapted to collectively connect said plurality of cylindrical helix antenna elements to the

20  communication apparatus; and

said plurality of cylindrical helix antenna elements arranged in a domino pattern,
each said cylindrical helix antenna element comprising a ground plane and a cylindrical
helix having a uniform pitch disposed above the ground plane, each said cylindrical helix
antenna element being individually connectable at a respective first cylindrical helix end

25  located near the ground plane to a respective element feed-line of the phased array feed



5 helix to the first helix end, said spiral thereby terminating the antenna element. it. An antenna array
according to claim 9 or claim 10, wherein: the radial inter-element spacing between the centre antenna
element and antenna elements at said corners of the domino pattern is between 0.5k and 2.5k at the
frequency 10 of operation of the antenna array. 12. A transmit/receive antenna ampagEMRER)2006
comprising a transmit antenna array and a receive anténna array each according to claim 9 or claim
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end located ear Xthe groHrggk%lﬁgg' nd.gllke I rallpl_(%f lateral s |£als each slubstatptlally centred on

. t t ht . :
the axis of the %orrté)spgncﬁng orne o thséuplS ra y SECANAEArHE ée%,aseﬁgnge?cﬁl?g eral spiral having a

5 first end thereof connected to a second helix end of the corresponding one of the plurality

11. An antenna array according to claim 9 or claim 10, wherein:
the radial inter-element spacing between the centre antenna element and antenna
elements at said corners of the domino pattern is between 0.5A and 2.5\ at the frequency

10  of operation of the antenna array.

12. A transmit/receive antenna array having comprising a transmit antenna array and
a receive antenna array each according to claim 9 or claim 10, wherein:
a centre cylindrical helix antenna element of the transmit antenna array is co-
15  located with a centre cylindrical helix antenna element of the receive antenna array; and
the transmit antenna array is laterally rotated with respect to the receive antenna array,
said lateral rotation being about a common axis of the co-located centre cylindrical helix
antenna elements to thereby change inter-element spacing between antenna elements of
said two antenna arrays.
20
13. An antenna comprising:
a ground plane:
a plurality of cylindrical helices disposed above the ground plane, each said

cylindrical helix being connectable, via a respective feed line of an associated phased



of helices, said second helix end being the opposite end of the cylindrical helix to the first helix end,
said lateral spiral thereby terminating the corresponding helix. 14. An antenna comprising: 10 a
ground plane: a plurality of cylindrical helices disposed above the ground plane, each said cylindrical
helix being connectable, via a respective feed line of an associated switched elemEqElRERPOMVOrk to
a communications apparatus, at a respective first helix®&nd located near the ground plane; and 15 a

like plurality of later I h substantiall tred on th f th di f th
ity of ey HEHATRETELRC ol S ACTHAHEVAR G URY el SRE S ST o e 05 dcond

helix end of the cor[r[gzs ond one of the plurality of cylindrical helices, said lateral spiral thereby
terminating th&%¢0 @r%' ﬁléffi’)? 15. An antenna comprising: a phased array feed network

having an equipment fe I|n fo co ctlo to .c cation apparatus and a urallt ement
feed ines for connectbiks & % ?y%% yﬁ“ﬁ@?bﬁ???éﬁ’x gﬁ%@é’ﬁf ORI RALEh Ty
feed network bein Pted to C ectl Xﬁﬂﬁ % of C) |ndrhc?l he X ant na elements
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helix end, said lateral spiral thereby terminating the corresponding helix.

14. An antenna comprising:
10 a ground plane:

a plurality of cylindrical helices disposed above the ground plane, each said
cylindrical helix being connectable, via a respective feed line of an associated switched
element feed network to a communications apparatus, at a respective first helix end
located near the ground plane; and

15 a like plurality of lateral spirals, each substantially centred on the axis of the
corresponding one of the plurality of cylindrical helices, said each lateral spiral having a
first end thereof connected to a second helix end of the corresponding one of the plurality

of cylindrical helices, said lateral spiral thereby terminating the corresponding helix.

20 15. An antenna comprising:

a phased array feed network having an equipment feed-line for connection to
communication apparatus and a plurality of element feed-lines for connection to a like
plurality of cylindrical helix antenna elements, said phased array feed network being
adapted to collectively connect said plurality of cylindrical helix antenna elements to the

25  communication apparatus; and



end located near the ground plane to a respective element feed-line of the phased array feed network
to thereby connect to the communications apparatus. 16. A method of impedance matching a
cylindrical helix antenna element wherein 10 the cylindrical helix antenna element comprises a ground
plane, a cylindrical helix having a uniform pitch disposed above the ground planeDatE@EERIIOal helix
being connectable to a communications apparatus at #first helix end located near the ground plane,

d a lateral spiral sub II the f the cylindrical helix the lateral [ h
frst end thereo! conneRSeN A BB G HERK SHh S SLeita %?&%aﬁ%gweﬁféfgséé s of
the cylindrical I|x to the flrsLehellxe d, sal%laterzal spiral ther terg1 %{Qg th§ %}/Ilndrl al helix
antenna, said ﬁ}é‘& EBHﬁ‘pF Wﬁlﬂ’? ]fspé)af st ﬁva@ d%{ g?’g ﬁf}ﬁ? 5t te first

helix end located near the oundéa}éeto the adjustt eim edance? (ipered tr nsmission

line formed bé‘m%%“ He g u%ttfi aé{H]cgafl qu%a}fél?'gtu g RoViligtelteEi ctangular gr1

pattern and a second spacing between columns of said rectangular grid pattern, each said
5  cylindrical helix antenna element being individually connectable at a respective first helix
end located near the ground plane to a respective element feed-line of the phased array

feed network to thereby connect to the communications apparatus.

16. A method of impedance matching a cylindrical helix antenna element wherein

10  the cylindrical helix antenna element comprises a ground plane, a cylindrical helix having

a uniform pitch disposed above the ground plane, the cylindrical helix being connectable

to a communications apparatus at a first helix end located near the ground plane, and a

lateral spiral substantially centred on the axis of the cylindrical helix the lateral spiral

having a first end thereof connected to a second helix end, said second helix end being the

15 opposite end of the cylindrical helix to the first helix end, said lateral spiral thereby
terminating the cylindrical helix antenna, said method comprising the steps of:

adjusting a distance, from the ground plane, of the first helix end located near the

ground plane to thereby adjust the impedance of a tapered transmission line formed

between the ground plane and a first quarter turn of the cylindrical helix.



