10

15

20

25

. WO 2004/ 088790 PCT/ GB2004/ 001297 1 Phased Array

Antenna Systemwi th Variable Electrical Tilt The

Wwo Begogs7eonventi on rel ates to a phased array anpeRa®2004/001297

systemwi th variable electrical tilt. The antenna
systemis suitable for use in many tel econmunications
systems, but finds particulag application in cellular
nobi |l e radi o networks, commonly referred to as 5
nobi | e tel ephone networks. Mre specifically, but
\Whi BV Arrbl V(h¥e?1hh@§/steWﬁltﬁ%ﬁéEI§ chicariref the
i nvention may be used second generation (2G
nobi | e tel ephone netvvorks such as the GSM system and
Thr eaﬁmcﬁ{\@hh&nreﬁe&@ '8 haSed 8haPRARSNG
as ptiilhe Uni ver sal que eephorng S spe%ty%%mﬁtﬁ%nable electrical
ety gnienpa %ﬂenuwaﬁunwmﬁi fos usgdn anavat t&b@qomr’gwmeatwlnlswystems but
ﬂﬁ@é p¥riichet fa BNH&tIQﬁ%@ c%ﬁtﬂér‘ %Pile radio G2 Rbkf R r%&%np%ferred to as

| east one antenna. |In a cellular
H&Nﬁﬁ%epfﬂ% nefvertRaldoreapreciicplly, ut withetstlisnitation, the antenna system

GﬁfHeninUQntﬁJnCrﬁM?rb@%eer\ﬁ% bé’cha' %\ ISW’@GZ%&&P& tteﬂeglhgﬁe networks

base station-"can take p ace. e are

gecteanthe/GEM sygtam. andathisd sereretion{3Glovebilaistsphgne eletvegrks such as
fRODNIASSAANSSIRAT MdHdNE géﬁeg@gwg antenna and base

station. Each cell cont ase station for radio
conmuni cation with all of the nobile radios in 15

Ub@fat@r%' of. cdiaRe nsduhbi raa r?étﬁoik@té‘én‘é%lg%ﬁﬁgy L?Helphulﬁrbase stations,

mmunj cati on, usual and- |

ﬁ?a?aﬁfg‘@@'c'i‘ ag aplepdt Qjle FreMEY '%@@@E'{"@fr @obilg raslm n@twork the antennas

BRPR! Riniayifasod i @éf%]’fgwé coVQr%g@eérlea (F@Wcﬁ'gﬁorﬁﬁ%ﬂlcﬁg?n to the base
conmmuni cat%éwl th each ot her asS wel

plafien HeRe E5et NIBF%  bD® ssaveradreates) !Su Igsﬁerﬁﬁbud“éd%dnt@ a number of
Bedrapblag de8s,| ddlchasEaUMb@ with @l rBsHLve ﬁK@nH@ 'aﬁa b%l§@ station.

phased array antennas are known: such an ant enna
conprises an array (usually eight or nore) | nd| vi dual
Eatienelbc@ltaine atoass wedioAdor rddi@cdo@r&n@ixcamhﬁﬁlﬂ‘ﬁall ditBe mobile radios in

b 890 288 ol e W ¥ReBRiteted bl Pidranes of eemy g caton, usualy

fidxesl land-inesarsardjetidre & ighid ob meshEd eumt&:@nandwwg h"lbbllé Padlos throughout
mai n

on _node an tedretla
ECR] OFer e Ao . bR Grts i, Baeh ‘ieal by with the public
tefephonp mefvestk yuisfdeah@balied nastileyadio ekt hat i f
signals received by 25 antenna el enents are del ayed by
a delay which varies with elenent distance from an
€eldaromobitee radio agtwarke whicheusenpleased aredynamtentiait a@nknown: such an

BEBIAA SotbE A OUPC B o SEHEP PPl e b sucnas
dipoheesqmqmbheg Tkne agienpa duad andiation pavtarm ntobrdting a main lobe and

ﬁ%‘lﬁéees TI'% c&gﬂgf?&% ﬁ\ag{ Igf:)'glﬂ]%gle endss( ﬁéec EE Qi%a%rr?l.flm sensitivity
in reception mode and the direction of its main output radiation beam in transmission
mode. It is a well known property of & phased array antenna that if signals received by
antenna elements are delayed by a delay which varies with element distance from an
edge of the array, then the antenna main radiation beam is steered towards the direction
of increasing delay. The angle between main radiation beam centres corresponding to
zero and non-zero variation in delay, i.e. the angle of tilt, depends on the rate of change
of delay with distance across the array. | |
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WD 2004/ 088790 PCT/ GB2004/ 001297 2 Del ay may be

i npl emrent ed equi val ently by changi ng signal phase,
Wereossis expressi on phased array. The mai n beama¥2004/001297
the antenna pattern can therefore be altered by

“adjusting the phase rel ati onship between signals fed

to antenna el enents. This allgpws the beamto be

steered to nodify the coverage area of the antenna. 5
Operators of phased array antennas_in cellular nobile

Palay @w&wmgmﬁat@e eguivalegiil PlepRagindosigng! poase.menee the expression
FRHseANaFay. VERd Ikah deadh af ithd a?n?éntn%r attérnecant 'ﬂ?erefo,:]e Sbe altered by

pattern S cross- section in the verti cal p ane
adjustingelbe phpse gelglionshin between sighnals tedfocardennahelements. This allows

t n 1 II’ i n
B AP TRt 1 BT Sk BN % e e
Such adjustnment nay be required, for exanple, to

OpERENsabe 6?%%th§1'?£@9 driferfidks! ¥ adolidi8r NAbYRY kragior %Wrﬁs have a
or nunber of base stations or_ antennas. Adjustnent of

@qvéﬂwanbma@uswew iantennas’ uesiad! FtiatioReRaitan cl-| e agdern’'s cross-

sdqichin ¢ \Léﬂlcafr Ptafr\@r'rh@@e NédéHé'érWo after! tﬂe%%hﬂa’ﬂqlé’ Bf the antenna’s
Ant enna ang y adj ust ed nmechani cal

e ?@a@rﬁl% aown e dtein oer o adkgae REVgAEe éFP@)G the antenna.
Stici %dfu%fn‘\“érfterﬁa)V ‘Bea@q@FBdU%r' éﬁrﬁjl@ t%néﬂrﬁpéﬁsate for change in cellular

mechani cal descri bed earlier, antenna
RRTYOE @trqunetorrfﬁwt% ohhpspsstations eictternas Pdiistraentiegiantenna angle
&1 s kRowe bdth MEctiiefy 8hd él'e@t'i‘lé‘él?l Eﬁﬁ’ertu@dlﬁﬂuélﬁfcﬁ'lﬂ 8&mbination.
fromeach antenna array el enent (or group of
el enents) wi thout physical novenment: this is referred

Aﬁteﬂﬁa %ﬂgrésdf 'tlﬂgné)h@e afjgsted ‘hfechaﬁib@lﬁyt ty ﬁél/mb'dnienna\@l@'ﬁents or their .
used in | ul ar nobile radi g network, a

BeysiRg é‘fﬂdém% § \?equ?rﬁe@ﬂ t‘? ﬁ aeiusting Mg taé\gha (o(/ p)echglglcal tit". As
Aedtribbe reafier S h@RhhA %ﬁ?b SfeiU rag s biajusiA électhbgh' by changing time

re rst de, | obe | eve
Olhf Bt Pl B Plods b3 eoslil b it siengraT avselement (or group
usélemeantst)aﬁnmo@t @hyamllmo@m:brﬁ.f BiseiRt ref@to tK as ?adjlﬁstln? the angle of
Ilrﬁ 8 r side | obe level sufficiently high to al

tions in the imediate vicinity of the

- antenna. 25 The requirenents are mutually conflicting,

e dist™ f oo ASLRORIS B Mo 8 pliatedid deipas pertoal radiation
pa'attmnINBE) haaﬁ/alnumbeuL aftsigrefidant teeirtraentsi ght | evel , of :

comphom BRI IR oy 5t em pert or mance.
2.  a first upper side lobe level sufficiently low to avoid interference to mobiles
using a base station in a different network; ,
3. a first lower side lobe level sufficiently high to allow cormmmunications in the
immediate vicinity of the antenna. '

The requirements are mutually conflicting, for example, increasing the boresight gain will
increase the level of the side lobes. A first upper side lobe level, relative to the boresight
level, of -18dB has been found to provide a convenient compromise in overall system
performance.

The effect of adjusting either the angle of mechanical tilt or the angle of electrical tilt is to
reposition the boresight so that, for an array lying in a vertical plane, it points either
above or below the horizontal plane, and hence changes the coverage area of the
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The effect of adjusting either the angle of nechani cal

tilt or the angle of electrical tilt Is to 30 .
weposidsso the boresight so that, for an array gofés2004/001297
in a vertical plane, it points either above or bel ow

the horizontal plane, and hence changes the coverage

area of the WO 2004/ 088790 PCH GB2004/001297 3

. antenna is desirable to be able to vary both the

and the electrical tilt of a cellular

g%d@%l'aaﬁa'%w ke gbledpiMary hoth Heanpehanicabtiit anehthe electrical tilt of
fd eedlubirlradly bd%e%@étidﬁ?sséﬂté% %s afiGhd F%??ﬁ%rﬁQ%xnbﬁl eﬁn%otlmlsatlon of

an|

se forns of tilt have ferent e cts on an
gﬁﬂ\ﬁer ég%esr'%‘g?etheﬁ?]fﬂ?r@fs%t”bha\(ﬁ tilereaheféamtmen antehha ground coverage
ﬁndtalsvbr‘soﬂhﬁﬂaﬁﬂeﬁﬁ@s il thid Qiaﬁéfn rﬁle (%lﬁlé% . Opgjational efficiency

?‘% If"%grlcoggg Bfesrﬁ‘dja[]@?e‘gfoi\?/'gﬁtﬂt?%ltw fz‘&fbll?ﬁt&tbusiad eralmtely from the antenna
assanblw WN&é@@%naéht@ﬁ‘r‘ie?Q%ﬁ e @fnﬁ'leﬁhéﬁlcaetﬁprﬂﬁal ﬁ% adjusted by re-

be adjusted by re- positioning its
&Hﬁ'ﬁiﬁ”’ﬂé i5radgimg) ehastging é%tangl@aqf elgdtrical gitjuegeees additional electronic

i
gﬁ?lgf% M?gslﬁbgﬁ%éﬁgn%ngﬁ Ic{aé’tLH o tn#? >§Ttg Fﬂﬁﬁ%ﬁ%‘?@ malsangle antenna

ShelaR ervﬁe%'h%ﬂé@bsépiﬂmatarwymuvefeoab!ep@pmwma idifférent angle of

pleetrapiit or bacipeeMhflp, @ different angle of 10
EI ectrical tilt ‘f%cgr each operator. The need for an

i ndi vidual angle of electrical tilt froma shared

Theamwed manhintimrubp an@l@SdfléI@éinééT D R OPRH USRS £ht{a£}?a has hitherto
gerfor mance of the antenna. The boresight gain

sted did @H’%?'@E@Pt'f‘ dhe tReripFBaRGSs phithiepantenga.afle dondsight gain will

titreaskiin propertior @l ¢id €ddindbitheagdib %ﬁll't UGe t@Q%&d&l?P U the effective
this i.s. unavoidabl e and happens iIn

%R?@Lﬁgfﬁ’ g@s?réﬁ%’)a (thig i ynavoidable @ad heppers inrallentensiagiasigns). Further
grductionssyin besesight agiremagp Rssefl e %r@éq&é?ﬁe@ﬁﬁ@ﬁ‘neﬂ%%%s%@ to change

fthte angle of tilt. R C Johnson, Anten
&nﬁﬂﬁge?st Handbook, 3rd Ed 1993, MG aw Hill, ISBN 0 -

- 032381 - X Ch 20; Figure 20-2 discl osesha ‘known

ng a phas
.ﬁegggg*ai%%éhﬁﬁ%%?fﬁagg’GSF oot 5 B 1955, M, e 0 - o7
A8236dd- X, rGli2m; Zﬂgdmeﬂmﬁnmycléé%%éag{r@?mmg{e?ﬁgj tfcg“ltbbélfy or remotely
ribute

S80S0k, Lot Bkl S ST SRt e (e
ﬁeq@gpyédﬁﬂéraphmﬁtermmdr&ﬁgnaa%md & @b &hiehn?tadnﬁoglgfg?gted to the
§nt9@rzalss pgﬁéﬁﬁgt@e&rﬁe}tg dt%cz'{ sgtgﬁﬁa %lérg%ﬁt I%)sn gﬁ@sgéqsgwe phase shifter
@gsegiataccwith ttisotthafTighal ginase tarubé adjuefednaye l‘l‘uﬂc‘ﬂon of distance across

t the a n ilted Is
LR LB P S oL L il B e cliron of pomer
e gllemegsa wheDihe mumnnans hot tiledd itsfmogts}gbﬁd)éo tslth set the side
con 0 ed

8 kLR UAER; LB, CBIEER, PSR ok eCEuin S s Looed e

mhﬁ@eémé(‘s controlled for all angles of tilt so that the side lobe level is not increased
over the tilt range. The angle of electrical tilt can be adjusted remotely, if required, by
using a servo-mechanism to control the phase shifters.

This prior art method antenna has a number of disadvantages. A phase shifter is
required for every antenna element. The cost of the antenna is high due to the number of
phase shifters required. Cost reduction by applylng delay devices to groups of antenna
elements instead of individual elements increases the side lobe level. Mechanical
coupling of delay devices is used to adjust delays, but it is difficult to do this correctly;
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over the tilt range. The angle of electrical tilt can

be adjusted renotely, if required, by wusing a .
waeideogeshani smto control the phase shifters. pEidB2004/001297
prior art method antenna has a nunber of

di sadvant ages. A phase shifter is 30 required for _

every antenna el enent. The cogt of the antenna is high

due to the nunber of phase shifters required. Cost

reduction by applying delay devices to groups of

BRINRR MecBariedls linkss tasdd gears |k vieduised greuiting sin a non-optlmum
disFibeds e HBRyS | fife Iu B&: 5i8Y §bbe %S‘é{‘ﬁ@?e%@%utvﬁ%;ﬁp He"$htSfna is tiited

del ay deV|ces IS use to adj ust
RWIYards thysocawsingra @owtlale&que Of\/imezfemme%?@ﬂalles usmg other base

SElBIPUY QALARL ds%l‘@?&%{f%\zeé nuﬁﬁ)‘"epaé?'%t?ératow‘(tﬁe gperators have a

gears are required resu gin a
Anamen gogieoi edﬁctrml WmStqa%OfmewﬁnmnmeS Flreally e ¢he antenna is used

i oM MM oty RO BEE i ot oo

ggqqngmgﬁ Hiequnney divisien duplex system),ethamr@m af elecsical #itlin transmit is

Jme,@n%qutrmpéce%erators the operators have a 5
common angle of electrical tilt instead of different -

angles. Finally, if the antenna is used in a

lﬁ%ﬁi@nﬁﬁbﬁ%% Aﬁfﬁi&zﬁf@nhﬁ& ng ﬁ%éﬁmﬁ) attP PTéB2002/004930

| ink at ferent re uencl es requency

fﬁﬁ%f’%ﬂ? !%‘aﬁwﬁ'l "eekncgwtaélmstm@ BB amigjing’soAngls etelecmaal tm by means of a
differehé@ M BHask Betvibidhl £Hp&PEH stlggm.ti %Hﬁlgenﬁéﬁ@d 5he antenna.

I nternational Patent Applic
CT/ GB2002/ 004166 and PCT/ GB2002/ 004930 10 descri be
lﬂ?’c%” Jest O?ET?DPF@W”%@JV@@{OFWQ RIAViEAtaenalteraativeglosmadf phased array
ait@tiardyedm.tilt by nmeans of a difference in phase
between a pair of signal feeds connected to the
antenna. It is an object of the present invention to

Threqyrbskent &m/eahcbrepmtdby% gH68Y afrap BAGAHa §{/§t@1¥1 WIW:%%B% electrical tilt

5 The present vention ovi des a
¥ ng 3n Aoy PLEGRNUR pRTP TBrarenssdr skt pomorates:
and dividen fbrngvidingas rrafioofreUdnep NRF |c§m§r‘t§fgnal into flrst and second
characlterlsed in that it incorporate di vi de
f oP'98R%1 di ng a radi o frequency (RF) carrl er si gnal

)na O/aﬁablstpmad shERe 6 intrb8lldihg a \fé}laﬁleVl%Tdn@Q' a@@%‘ﬁﬁt between the
fer for |ntroFIuc:|ngavar|abIere ative ase

shf'rfs anglpeaoBA signals: 20 first and second si gnal s, ¢) a
cp)hasm'la!se toop@werC 6aRFHBE forl 86nveRingeld PlathBfy bﬁé@é 'sr(iﬁleéf first and

phase a lft d first an second signals into sig

WhBse" Blaieeidnais Neesehore eres facien olhgreigtve phase shit,

d§ hfist andseboridspowerdsisite N dr pNERg S bér‘i\ﬁeh%dfé?énals into at least two

I
dlé/eltsdlo?%wuﬁe% con erted Slln% nals into at | east

signa s the total number of divided signals in the sets being at least
equal to the number of antenna elements in the array,

e) power to phase converters for combining pairs of divided signals from different power
splitters to provide vector sum and difference components with appropriate phase for
supply to respective pairs of antenna elements located at like distances with respect

to an array centre.

In its various embodiments the invention can be configured to provide a variety of

advantages, that is to say it: ‘

a) requires only one phase shifter or time delay device per operator to set the angle of
electrical tilt; '
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sets of divided signals, the total nunber of divided
signals in the sets being at |least 25 equal to the

wulpdeeiosgybo ant enna el enents in the array, e) poweh/dr2004/001297

phase converters for conbining pairs of divided
signals fromdifferent power splitters to provide
vector sum and difference congonents w th appropriate
phase for supply to respective pairs of antenna

ke di stances with respect to an

bemants ocat e 0§g
E NaMdP& 9 "F‘f?' %d%&bpéugpr@ﬁ%@s. ments the
cnvmat 4 e@nteoaued bpp@mié BYE %%F WhdH Mdddtfonhwirbd ety of

ﬂvanta es ﬂ is to say f{e@;e quires only one

a 280 Bvidectiitghent prgles @t égﬁ f@é\‘ﬂi 'ﬁeﬂ?P@cb@i@rSawbentL@es!eas a shared
thegrdaghe of electrical tilt; WO 2004/088790

PCT/ GBZOO4/ 001297 5 b) can provide a good | evel of

&1 2N RIBYAS §fihRrdecs i rémmptenaenteol ebiheeoblecd elaspial titde

holgan By @hpehrAtdd Witieth o
d)l fferent é@{g}a@g of ti vatcg?:‘,&g\réﬁg%? f%ﬁ%ﬁﬁgsg; gr;(t'gﬁﬁgsv\ﬂ%\ﬂng a similar

usdavelof ge 8¢ aisk enna; 5 e) can provide either
b Cadn, hele drﬁﬁfﬁﬁl@ of élféﬁttnbé’l' tlltoét tH?]%nﬁtg\%e@eﬂ&eQ ltﬁ‘c&té bfifidr the same as

%{ can | emented wth cost
corﬂre?f% 8} §° g?ﬁ éﬂ@l’ﬁs‘)fh%lﬁﬂﬁga'at”ts Bhreceive frequanciss, at the operator’s
perdpibAance; and g) can have an angle of electrical

ti It at transmt frequencies that is either the sane

The s@éteﬁlll dtties Rvéntlon rﬁi&eha’i)wér?o&f nL‘%S&IJf aTgénnta' élém@ﬁt?hcompnsmg a

?@EI ve frequencies, t he operator

fal antgnneg ?r’?‘%ﬁ\f/&‘?ﬂe@r@ﬁﬁ”wﬁxﬁécaﬁk@d@taﬂmnblenf ehtenna elements. It

myemtmmeeé SHTRIY Swet @FIMtdr YoRBedled BSMe%ﬁlthéghgég‘ﬂ) GO hverter and

Iocatﬁ ntraII . of each |like distant pal

éﬁ@ FEeCnd Rowergplitteiz pidarrangas tedliyssierthe central element a
pobbitioR lof G R SS DBk WABSe tdWowrli a8 Bvdrizr POVer

converter and one of the first and second power
splitters and arranged to divert to the central

' Ehepbase do pbﬁ/epraoﬁq:*dWe@ﬁoqfhabe:oﬁ%rsfrﬁ@ﬂbbr&rﬁlﬂﬁéﬁons of phase

t h ovver and
B VL B TP s el s o pov
& powerstogpithsd Gonvertsdd ade porer SiterIme el &-RcatERsnith the array of

hi f h
L R e A

Impmﬂpm fead feom afrematet soupee. el enent s ‘as an ant enna
assenbly, and the assenbly nay have a single RF
The divider and phase shifter may alternatively be located remotely from the phase to -
power and power to phase converters, the power splitters and the array of antenna
glements which are co-located as an antenna assembly, and the assembly may have
dual RF input power feeds from a remote source. They may be co-located with the
remote source for use by an operator in varying angle of electrical tilt.

The system may include duplexers to combine signals passing from or divide signals

. passing to different operators which share the antenna system. The power splitters may

be arranged to provide for the antenna elements to receive drive Voltages which fall from
a maximum centrally of the antenna array to a minimum at array ends. |

One power splitter may be arranged to provide a set of voltages which rise from a
minimum to a maximum assoclated with the antenna array centre and its ends
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20 input power feed froma renote source. The divider
and phase shifter may alternatively be | ocated

w@pmiseksred r om t he phase to power and power t o pelASE2004/001297

converters, the power splitters and the array of
antenna el ements which are co-located as an antenna
assenbly, and the assenbly mayg have dual RF input

_power feeds froma renote source. They nay be

ated with the 25 note source for use by an

-1 A
ERReai . o SRRPIRGe 4nGPDI GIRRATERDke Phase fromhaaross the antenna

ayay, emen?b(aseﬁﬁbrhtd@elﬁ’gl@hBéQQﬁt%IIPQIn@QW@‘s% %h@l@abfstllt IS increased in a
rom or_divide. passi n di f nt

sin

g’ﬁ %Qg@gﬁhpfcﬁ'”srﬁa?r ée‘i%@dafﬂrefﬁ‘?éoﬁ%lﬁe r%m@tpwerand side lobe
sopprebsibs. ey be arranged to provide for the antenna
el ements to receive drive voltages which fall from a
mcentrally of the antenna array to a mninum at

Qﬁag)@ mpdive ggp ethﬁoq,(éeerg Fxﬂn{epp@p p a5ca émetaqa@@a prqyiding variable

BreotrlcéEtllalrﬁétphﬁéed/ Qﬂr&)ﬁaﬁt@nﬁ‘@ bgﬁehgﬁtélgﬁﬁg@éf?rg? gié %Hl‘éhna elements
e

d t
a'fa%rap{%se% dhoidhe gt a‘?f%'swwemla@ﬁ"esfm/qﬁng? 6
ap sdding \eerayiio fesuBREY IF) icakrRr bRn8Sh@HritSthdBsecond SIgnalﬁ

h f t th tenna array,
Bl 8Sqikine = bt wialie ahtoarniy beheetha g and sgrndaignls,

b) |donlv§rtiln9(1h6&§l@ﬁvélﬁ Base\Bfiitted Girdt aMes&onti didn l@%tg signals whose
ired Tor _reasona Ie bor esi ght %;l n and Ssi

VRIS A2 funclion ghing relativeaahase shffpect, the present

dmsyﬁg PO spr ttdr%&o lem ﬂ@%dﬁ@er@é@&n@ﬁhl@ gnth‘)ae[t'lééet &wo sets of divided
el ectric ased array antenna system

i na'w'%gthsﬂoféf LR L6k 2 i Brive Seim prinet o leselgequal 10 the

i N riundertolanERhé ebricheOinNG at@s the steps of: a)
carrier signal into

Pl ermelitnd cafoatrungRses pm direintiestey SN Jereitapieide veator sum

r elsatd ddﬁerpheé eorﬁ;bbrfdntdlﬁfth/\émﬁoél’i‘aie bhasd amd %uﬁﬁl?ﬁ’n@dche components to
signal s ert| the relatively phasé shifted
fi Peendine @H)Brf’g domapls lopgiRdI & '%ﬁo@étanmmte respect to an

ar eareayfasneti on of the reI ative phase shift, d) using
power splitters to divide the converted S|gnals into
at least two sets of divided: signals, the total

Thetmtenfia dindydrthyshaveahba édi homtester é}ﬂtaﬁﬂaaeﬂeh'%?t?éa {EO to ETL)
e a

fo th nb f antenna el ements in
‘??%‘T@)"SE&TBG%W@P eareeg@%oelemantdg@) é?@ﬁi&ﬁ§%(ﬂﬂv of each pair of like
6isiérﬂr§]ﬁbnﬁg"é¢éméﬁis' Tﬁe\?\f)ﬁﬁééh By g/ Kﬁgt I‘Paagnr‘?lclude a third
fference conponents e ph e an
sgwgr gpligen tenrechend e netcseu\tenone @sf ke tsugnal@ WHGSeO[ﬁower is a function
&1&}? r at‘fvl(eeg Qstessrluﬂcaaﬁde %e mekhode lnciuéeasntﬂ:s;%gvenutch splitter to divert to

the central antenna element a proportion of the power in such signal.

Conversion of the relatively phase shifted first and second signals and combining
of pairs of divided signals may be implemented respectively using phase to power
and power to phase converters incorporating 90 or 180 degree hybrid couplers.

Steps a) to e) of the method may implemented using components co-located with
the array of antenna elements to form an antenna assembly with input from a
single RF input power feed from a remote source. Alternatively, steps a) and b)

‘may be implemented using components located remotely of the array of antenna
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array centre. The antenna array may have an odd nunber

of antenna elenents (EOto E7L) 20 conprising a
wendosabs7amt enna el enent (EO) | ocated central | y pefr/cgoobu/001297
pair of like distant antenna el enents The phased

array antenna systemmay include a third power

splitter connected to recei veyone of the signals whose
power is a function of the relative phase shift and

PRI S SR RE R HbIRG SpRBnenterowsinn earBppacRts co-located
WthStlh@haﬁa;@%'d fo%%n@fﬁé%\ﬁitﬁ%rfémfgﬂga rieﬁwlg \ﬁ&?%al RF input

fted fiTst and second signa
pawes feedai fvomed Bargotal sourag. [Sep rip) mm,nﬁlmﬂude varying the relative

vel to p and power to phase
E@ag%%bg‘r ?’%@hﬁ%@? g@tr@@mgo degree hybrid
couplers. Steps a) to e) of the nmethod nay
iL.npl enent ed _usi ng, conponents cQ- Iocated wth the
IPR.ge @ﬁv@Mn@%@qd@EEﬂmerag UGTAI8NP#ReB #50ms SBriviging signals
u
Py e e, FodatTs WPy Sndr it SERha Sterts Iy include
prqwd;ngribedhesamtgnnamjemntss ) wemwel drem)t/elta af wHieh fall from a
f a n 2004/ 088790 PCT/ GB2004/ 001297 7
Bl AN I & Bertsniaausy o ATy RERE LA SN Shssng
conmponents co-| ocat ed vvlth the array and forning

h h RF t
Eﬂ%?ﬁﬁ”ﬁ a“ﬁ%«ﬁﬁ%”%@ﬁfs\%e Ao F‘%Zgé ggé&u sieﬁavlgﬂﬁt% trigise from a
Hafiyiue tohe rhﬁklﬂ{drﬁ %3365@&56 W‘thflthet Qnﬁ‘é"f‘ﬂé érl?S %ﬂ r% 24d its ends

electrical tilt. 5 The nethod may i ncl ude co
KBspeslivelyassi agprapsieteto (ﬁstakdlsngasprgxgjadass.lvequmsegfrbnt across the

N e T TR ACTIE R

inecsasael it & Workingtraegs oMii Cls feﬁfldlre’d Wréaséf?dﬁl@%@reaght gain and
central I éBof the antenna arra O a mninmumat array

PESSSIRL i ncl ude providing for one set of
divided signals to rise froma 10 mnimumto a

{THXI mum assqci ated with the antenna array centre and
demnihat thedayrition waight beggorgfgihoprdessteod ceralaedimpntsihereof will now

Bé gesebetyBy RRgoe okafple A/ Q\ﬁtﬁ rE\%‘?enc%ntBEiﬂé‘ 2cBdh né/lrjrﬁ&rawmgs, in

Fase front” being substantially |inear as an ang
Yhie increased in a working range of tilt, as
reqU|red for reasonabl e boresi ght gain and side | obe

u lpr gln order that the invention m ght_ be
RGP T 198 A ABRSCLRRY WHBNIRS Natal {ARAtast Pallert (VRR) with zero and

non-zero angles of electrical tilt;

Figure 2 illustrates a pri_or art phased array antenna having an adjustable angle of
electrical tilt;

Figure 3 is a block diagram of a phased array antenna system of the invention in a
single feeder application;

Figure 4 shows relationships between voltage outputs and input phase difference in a
phase to power converter used in the Figure 3 system;

Figure & is equivalent to Figure 4 with power is substituted for voltage;



10

15

20

25

be descri bed, by way of exanple only, with reference
to the acconpanying drawi ngs, in which: Figure 1
wh oo/ 0gsPhased array antenna's vertical radiatipgi/GB2004/001297
pattern (VRP) with zero and non-zero angles of
electrical tilt; 20 Figure 2 illustrates a prior art
phased array antenna havi ng ag adj ust abl e angl e of
electrical tilt; Figure 3 is a block diagramof a
hased array ant enna system of the invention in a
E NGt € Pwes exampissidf Roseible voltgge disttibgtiowesat outputs of a voltage splitter

rel ati opsdu ﬂ%@‘ﬁ%@@sﬁ H?ge outputs and input phase

difference in a 0 pomer converter used in
the Figure 3 system Figure 5 is equivalent to Figure
Highe h~ Sonblock liagrpen eftaiped of erfuriben phpsed\aray antenna system of the

2004/ 08&7/8&10%%419%6%95@@ Ohad 8hlﬁm§i $£ 19 'we?%o?\ber?‘lgn and power

exanpl es, of possi b vol tage di st |on
of a vofVBR splitter used in the Flgure 3 system
Figure 7 is a block diagramof a part of a further

Pllared R4 BcRNISHAM oY ﬁfeerréh%hncfel?%f tné‘éﬁgééoogrra)zgﬂtenna system of

i I'Tustrates ghase shifting, ase conv
and powElgures7 dang sheis PPngoePf@SﬁsCOéJV@ISMk phiasayshiftingfand antenna
t he rengehfddts; of the phased array antenna system of
Figure 7, and shows power to phase conversion, phase
ifting and antenna elenents; Figure 9 illustrates
?J'él:'fﬁ 9 offusteies laegtiem $raeing @nglngM%ISlqmbB@S@f of amntenmazelements in the

el enent pigufe ¥ Bested® Figure 7 system Figure 10 is a
bl ock di agram of part of a still further phased array

temof the invention, and illustrates a
floure Tl Pofsirarmmeasran sfihgibRaGEassd rrangenna system of thé

phase tRvesital aHENNE & a ! ﬂé?a‘éﬁf |r9bl¥ﬁ1%hfé'ﬁoﬁ‘”l}sp‘ng phase shifting,
generation of an additional sign a centr

ant ennaP @SERRPWe] SoRyespiPR 259 pPY"Ph@'t"F‘QPé@”‘t grneration of an additional

r emai ndsignalfiortdneeritht aaénaa ERYnedtt €nna system of Figure
10, and shows an antenna array with a single central

el.enent (el ene a i s not to scale)
RRLE LS R el relibt e BB RhnecY AfahEmsHT Pt of Figure 10, and
single sﬁf@‘d;ean antenna array with a single central antenna element (element
spacing is not to scale); |

Figure 12 illustrates use of the invention with a single feeder;

¥

Figure 13 shows a modification to the invention allowing angle of electrical tilt in transmit
mode to be different to that in receive mode; and

Figure 14 is a block diagram of another phased array antenna system of the invention
illustrating antenna sharing by multiple users with dual feeds and joint
transmit/receive capability.

Referring to Figure 1, there are shown vertical radiation patterns (VRP) 10a and 10b of
an antenna 12 which is a phased array of individual antenna élements (not shown). The
antenna 12 is planar, has a centre 14 and extends perpendlcular to the plane of the
drawing. The VRPs 10a and 10b correspond respectively to zero and non-zero variation
in delay or phase of antenna element signals with array element distance across the
antenna 12 from an array edge. They have respective main lobes 16a, 16b with centre
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Fi gure 13 shows a nodification to the invention

allowing angle of electrical tilt intransmt 20 node
WwzWesh79d erent to that in receive node; and FPQU/GB200%/001297
is a block diagram of another phased array antenna
systemof the invention illustrating antenna sharing

by multiple users with dual fgeds and joint

transmit/receive capability. Referring to Figure 1
(VRP)

(K Sofbeir 038 1 clebo s, UBpeA pEAD R bl 60 At dger sclobes

QPa,i Zati; vigd uﬁilca@éﬁ 188 reigHTRArE&tidnet zéIBQ)éﬂﬁlhtlonT rhedelay for comparison
centre 14 and extend

12 i h
Bih Jon o2 cbiyEnk 1 8- MaSh I aTAs todM A hige SRR ARFs, ¢.0. sidelobe
20 2eigHed oifﬂﬁ?e MRS Pain bf feﬁ-ﬁﬁ&ﬁé '|é/ SélMg tr@fe?r%ﬂ Q? afthout distinction. The

ari,ation hase of antenna
URE £ BaGiemdiarms G i tateaheteig, | VR dOaarodsererie an angle -
m@i@ﬂm@oﬂﬁltf- beMmedN radih MeafigshtreiiRY 188Vehd $8PGMIchMRis a magnitude
obes 16a 16%}3 wth centre WU 2004/ 088790
BRReheaab o316y aiscAt WhSh dele agies it UStaReh aoTosaie argenna 12.
first upper si del obes 20a, 20b and flrsL | ower
t he boresig

5he S B to 5 Tsiy At af PN ) AT oerp OB tae irt upper side

lwibe2a Sieuitbbe aewewu WW ah@ﬁﬁh b Bhid wli%{)hg" ﬁg%fér&ﬁ’cteti% mobiles using
| obe ei t her

BRONRLDes okt =pd ol reirrsliewietiies |obeigdiShgukbhe ot & pvebsutitent or

eorhhmicatibres |t<mc!be opossibie ih W8P ahfinks 126 fefediately vucmlty These
s as il strﬂ §%%1relat|veto VRP 10a, i.e
8% d

[ErEMRL B Iyl bEBimls, exiTining Batesight gain increases

bidanotmano, 22, | Relative Bla BoksibBE (evbi Cdhdiasf %aﬂﬁﬂ?%rh U@, a first upper
varlies w

t which del
GHERONER 0 L i e v ST T
aysnemtperfonﬁarmm Beresight gdin diegleabey lﬁi’pr@iﬁm@ﬂtoﬂhe Qbsx’h@ ®f the angle of

UpRer S| i de
U Gl 10 PEauh I tne, e s lipeteP ameelico BB iedibnsyin boresight
gﬂnmm feeult Bepsddivigadn twow therahgl) ofttiltés thdrigfedl ower si de
| obe 22 should be at a |level sufficient for
conmuni cations to be possible in the antenna 12's
Theretiectiof gjusting eiihey theTaregeof mechanicatriitbstharanghaibiusaddtiical tilt is to

AL byl 0GP GorEOMIL B BPE 3 8y e, anc
henasl adjustagthh Qﬁvemenadeaém t‘né) antaniia.r Bdr mammum Sletibility of use, a

EQB?ar r§¥|8|ba9£ statioh prof3rphAe %\%ﬂgtﬂg b&)'g ﬁbamcg\ tilt and electrical tilt

convenr ent nprom-se i n over
pioee eamah@%a CB‘:are'ﬁlq[jf&bt gagmuddccoeemgs and amroocpm bthepAntednas in the

enb Qs Ipduct | in .
FRECARBLABA] 0F AL Bt 1l dn SHEph AR B bo s
temdiely romythe antgaina. Fma%errmstd if acmmugée dhiegnats stewed between a number

B0t L 60 e LSl g REbARY B escn cpertor,

gtheergh lthuabompicrnlses drdenna performance in the prior art.

Referring now to Figure 2, a prior art phased array antenna system 30 is shown in which
the angle of electrical tilt is adjustable. The system 30 incorporates an input 32 for a
radio frequency (RF) transmitter carrier signal, the input being connected to a power
distribution network 34. The network 34 is connected via phase shifters Phi.EQ, Phi.E1L
to Phi.E[n]L and Phi.E1U to Phi.E[n]U to respective radiating antenna elements EO, E1L
to E[n]L and E1U to E[n]U respectively of the phased array antenna system 30: here
suffixes U and L indicate upper and lower respectively, n is an arbitrary positive integer
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reposition the boresight so that it points either
above or below the horizontal plane, and 20 hence
vadpwsivss ine coverage area of the antenna. For mwetigBRo04/001297
flexibility of use, a cellular radio base station
preferably has avail abl e both nechanical tilt and
electrical tilt since each hgs a different effect on
ground coverage and al so on other antennas in the

[ is also convenient if.an

i digate vicinit g
g%n’i@ W l%aﬁefmqst Phagedparrayjsies eand detted dings such as 36

- Indoatin g reaeleeamaslernefit Mgy BB t&hlicatbd dr ?érﬁ@\}e% ?splte%m?é’d for any desired

shared between a nunber 25 of operators,
‘BFaY&F&bl e to provide a different angle of eI ectr| cal
tilt for each operator, although this conprom ses

t enna performance in.th:@%ﬁrlor art. Referri n& now to
éﬁf}lﬂhés agay, @nignng, $YSHHA W oReTRley amidigia. &pstEntramitter carrier

mgn@lh@fm{ toth&\powér dishiBuidtoh@wefk B @gtkd bt 8b: |the g%t#ork 34 divides
g‘dg ust a I e. The %’Tt em 30 incorporates an in

SIKIRL (79t RReERRATTY Raraly Hriween dhe Phase eshi rgn%tm EO, Phi.E1L to

PhiE[hJLpatid Pai. B&JQ@W d, Which r q
<§""°]fn£ PN s A c@%cﬁ@pﬁ\%l?é‘e’hg&% divided signals

pd pass thepj,pn mith se pshifis totq)sspﬁpteg[qﬂtan@nglemqantﬁo LE1L to E[n]L,
Ed)U%HE nbdpelcovel H !

LU e Tt A Lo S0 S Bt e

£ ‘émﬁﬂé GPuinCRt rP8W§{/§?'@‘fﬂ99d  RBtaaNa elgmente E0Lete. when the

amngle bof N 226 & ¢HUREh taRe: theVdrie leé Wc,ﬂ}ét !aH@"b}éresfbh‘t Yait appropriately.

CeRreabHpR iAol B SRPAEH T REIANeR Wheryliecinase front across the

dhedy asmerpéms €0 &16.IeWorRtAed frRdl aAglekofl tik k8 %t%ﬁ@@igé%b%qevel is not
indicati the rel evant el enent nay be replicate

PEEOE sl icarfly ¥Ry srt"tawgae;fh?ﬂgleap?& cicaklilt TAB be adjusted
m"aseiyl, irequiredirbyensiag syssresimdBhansmab @enes! thel gHaws shiflers Phi.Eo,

fed to th
gL TR b fBPE M PR ERE). ik mae bS rreshabiabractusted.
34 divides this signal (not necessarily equally)
B BERR NGy BMARRe i g = pymbey ol redhehder s it
t heia) a pqmecitiiftee isliredubed foi gml antedvil el L 41 Bs8 réadvantageously)

%%}%ﬁ%ﬁ,@%@n{ls to associ ated antenna el enents EO

%?t 'Uto E[n]U respectively. The phase
S h| fh)Sheac@st ohtheemt¢rmasie hightduarto &mommﬂberaimhawbh‘iﬁ@% ré(ﬁh.red

B T L N T e g

ante na el enen
zer onstead biopdinidual asr&d;nﬂak@emente u’ndbém;elselv@éld@ﬂtﬁbe Ievel

bor esi ' e t, t rol
ang| '%P éhqgu?c!gf F 8@@ n%t ?hqsfyﬁrﬂ?% tgds sth(éorﬁ?%és ‘dificult and
fr onnechanunalshnkb end @eaasyarefusedi wmahtrssmeatmn d);ﬁlmum delay scheme;
contJ l?p feor %{ I‘ n%r of tilt so Q_fﬁa he
| obe”) ReE sl Tohen Vel itpasey Yiene ?Qtec‘}%r'sttﬂféd downwards
til tcaualnga poldrtiabs@iree of interfemsnce &nobildd udiddofP€r base stations;
ad Uf)?’B‘eaOrll antenna is shared by different operators, all must use the same angie of
electrical ilt; and
g) in a system with up-link and down-link at different frequencies (frequency
division duplex system), the angle of electrical tilt in transmission mode is different

from that in reception mode.

Referring now to Figure 3, a phased array antenna system 40 of the invention is shown
which has an adjustable angle of electrical tilt. The system 40 incorporates an input 42
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15 renotely, if required, by using a servo-nechani sm
to control the phase shifters Phi.EO, Phi.El L to

wWhodfosgee and Phi. E1 U to Phi.E[n]U which may g GB2004/001297
mechani cal |y actuated. The phased array antenna

system 30 has a nunber of disadvantages as follows: a)

a phase shifter is required fpr each antenna el enent,

or (Il ess advantageously) per group of elements; 20 b)

the cost of the antenna is high due to the nunber of

P ReRE Hianprojtier paigar igpal: te l@@gt42rlé&eem%ed BY Ingsib ks R pgwer splitter
ﬁh%ﬁ@vnéﬂbfﬁv@r&tétﬂ eﬁ@%% bV919rvﬂﬁcE}§aR-:f iPLESRALS to a varlable phase

i nst ead i ndi vi dual -ant enna el enents |nc§§ases

shigier I“@k?@dlaefpéﬁld pf@senfémﬁarﬂ%r@rsp@cdwglm hie @haméb@ers 46 and 48 may
%thfvél%hﬁy Bé’ c§ﬁ§1d&€bl %‘é%n@@ﬂélﬁ% | Yhéys pﬂﬂvfd%' Fe%éctﬁ/@q)utput signals V2a

mechani cal |inks and gears are used resu
ABHA VEBite mahage t%@ovs%rrs@néerter@ w)wlobh@tlup ;@é@Vl@Sd@JtPléikﬁégnalS V3a and

heyab tivé %bﬁ@ﬁ@;ﬁlﬁw& bhe 5@%@&'&9@!? THe ﬁf%ed@%‘@@'r %nverter 50 will

causing a potentla source of interference to nobil

Beidegernaskin e lekaildatesnEne powertsphtierarfi2eiths4 Havh arw@puts such as
Qia ‘HnﬁfﬂaeFHSFQé’c%@t %%g %l méﬂveuiﬁfeg{ep%ﬁﬁé\% f‘rc‘)gln‘forgf and dotted

el ectri cal temw th up-|

aBRN.- PitRKtsag2kiRN¢ h4énin qaé%@@@iuﬁiéﬂ (i r@?be@ﬁﬁ mag be replicated as
%dﬂu%ki%} %@e@?ﬁeé%ﬁé&e@arﬁg&%@nw e of electrical tilt

in transm Ssion node i s rent fromthat in
recepti on node. Referring nowto Figure 3, a phased
%r"a ant enna sﬁystem 40 of the invention is '

Wieh SPIAIRT QUPHSHSUSh @S a173) %‘%54%P’@¥'PP|%%HUT§FQFFIS #kto Va[n]-and

VI3 tte VbfE) respRtiray ahRh A8 graliped id palOVvVAPOL ®88748%), one signal from
PCT/ GB 4/ 001 %7” 11 for 9‘an RF tf%ansm tter@carrl gr 9

SPEHSPHTerHR &34 L&almf% PaBielanals YaYhigatcangeetegdiel shown) to a
mﬁebﬁ\ﬁi poviér t@&fh‘ébé“cﬁ@vérb@ gl AP fist gb@@:a{ospﬁé%eacon\éért& 56, receives

R B AL Samal i ol Tosg P ohrs 520 and

BBBS €0 & Hirdttpalrof 4GuispatedhizrEd afgyiavRnfatdiamdérfls 60U1 and 60L1 which
consi dered a rovi de resgect|v

8ir |ng§r6}9§? §|9W28t35°f£%a%3b|8$ dngl qu{apg@qea pigapa elements such as

60UV edrtcﬁeoﬁoare/\bpabbdl dpauby apéé?ﬂﬂedq&gglgt 621t A He88ad power to phase
an

V3 tters
ER0 s o oot on o0 SSUETE VB GRuVHZ B Gy gignals g respective
Heed phds.wsmftermeez deidasgl2ltataegecont @a@@t\@haﬁd hirdyPafteRra elements

B0pchd PUFs whh Bis “p¥ 30 sE8pectie Miraser clripents 9 and eoLt.
azmemt:gree anamh pdeiet &5l phady eanverbpBss réi:%h/eéﬁﬁbLﬁ§b/a[n]Nb[n] it provides
9% SR S BS R PR SAREa Y S eSS o phasec
array antenna elements 60n and 60Ln. This nth pair have centres 64 distant (n - 1)
centre spacings 62 from respective innermost elements 60U1 and 60L1. Here as before
n is an arbitrary poéitive integer equal to or greater than 2 but equal to the value of n for
the power splitters 52 and 54, and phased array size is Zﬁ antenna elements. The power
to phase converter 56, and outermost antenna elements 60Un and 60Ln are shown
dotted to indicate they may be replicated as required for any desired phased array size.

The phased array antenna system 40 operates as follows. An RF transmitter carrier
signal is fed (single feeder) via the input 42 to the power splitter 44 where it is divided
into signals Via and V1b of equal power. The signals Via and V1b are fed to the
variable and fixed phase shifters 46 and 48 respectively. The variable phase shifter 46
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The power splitter outputs such as 52a and 54a provide

output signals Val to Va[n] and Vbl to Vb[n]
WE2i80ss7ve! y which are grouped in pairs VaVWbi pcip/éaados/no1297
to n), one signal from each splitter in each pair; .

each pair of signals VaiNbi is connected (not shown)

to a respective power to phase converter 56;. A first

power to phase converter 56, receives 15 inputs Vale

and provides drive signals via respective fixed phas

aplies @nsorasaier 'aﬂ'SCtaB'QLPPaF% shiff ofy @'Pe siefay, gpd é@%ﬂ@%’&@éﬁ phase shift
Wé&%e@é b@ﬁr&@ﬂ@%@bﬁa@ahéaﬁmt& tRé) ghée%lam &fant8hfa elements

i nnernpst el enents of an array 60. Pairs

%ﬁﬂbé@n?h%ﬁi\% RB2SS LY 48 applies %\§X9439*Dﬁ§eaﬂ'ﬁﬁ B’b@m far @onvenience is
SR B0l g SRSl I8 e RS o it
A Zhis allgwVildde bdniavieblsiinphase in therraspe et/ &0 2f/Rirglative to V1b,

h r gL2 t ir of .
HE38sE M 30 e e B IR B BT g e ot
fmretlmap&ha&eosl”nfeemé&amd& nner nost el emrents 60Ul and

60L1. Likew se, an nth power to phase converter '56n

receives inputs Va[n]No[n]: it provides drive signals
Theaphasspioqrowes chivesigr ph ssmbistesfitsénput 5@ioalsaiRh 81 M2b and generates

o
@%z%éhﬂqﬁlb u%ut%gfﬁ%ﬂé%agéﬁccgﬁ ?@é@@g%gﬁ)eﬁ;%%%qu %T?%ggther which
@@ﬂndeorsw@cnewgue Ppase differansp detwaan ithimputso The glowee splitters 52 and
1 r
SO odkovadehd b 1S & Gipl bn@B P AN e Wbt to vl
tespedivelyawhere fthen ppoer of Ieecrp@mal gpleach eet Va2 andarswm etc is not
r [ t S . ) :
AL PP 1 e B0r68olof rRAE M, FLETE SpinflSe s an ampiuce
iapenspiitier’ eomnolmreen_rra elementrponver agdtspliitertSd i$ adilicsriider’ controlling
ﬁ,ﬂey may be replicated as required for any desired
phased array size. 30 The phased array antenna system
40 operates as follows. An RF transmtter carrier

BhdWatatch bedignal B&Jw@rsf&%’é%r )hevbétst@ﬁ leBPHRd At @tct Redifferent for
power splitter 44 where it is divid into signals

dyffgr eRhBUVPers off ardefina elpmrats. B0the el 'QﬁB‘P &gy 69, and eyamples will be

é’és%nfa@&jlatt&fbhﬁrrayé%f'ﬁi‘éﬁ gz8d fixed phase shifters 46
and 48 respectively. The variable phase shifter 46 WO

2004/ 088790 PCT/ GB2004/ 001297 12 applies an
vmmbof sxgﬁﬁls tvtafmllm @hﬁé{ﬁ] & Vi 1 @rvmn]rme deduped ipsird fiém different

eiieecet wR ke rirbgtect fbiaMaLBabaRs 43 VoVS hnY EAnEE dic. The pairs

ehﬁ'rmm $tc. 5%J1e<fto<:resaétﬁwélp@wér w@@ﬁsséboweﬁeré%aazel ivitich convert -
fixed F'hase shift whjch for convenience is_ arra

ed
?thbga'ﬁa‘ fo fe FRiEINRuRiepIRas CrivRi 18N YEp R Flglve B se difference
bétRedRticth! RBadh@Re sidhal ﬁ@ise@ viAa reEbé&w@'fix@M\@hé@e shiftér 58U1 etc. to

be variable in phase in the range -4M 2 to +4M

R EAREFiIE AeNTa BomeRh0 hete TP Gred Bhaserstifiesn 581 e fmpose fied
PReEeNBhiNARNIBR BeiwRnatiidias esihasabidemtke®U1®tE Ridhy linearly according

to element geometrical position across the array 60: this is to set a zero reference
direction (18a or 18b in Figure 1) for the array 60 boresight when the phase difference
between the signals V1a and V1b imposed by the variable phase shifier 46 Is zero. The
fixed phase shifters 58U1 etc. are not essential, but they are preferred because they can
be used to a) proportion correctly the phase shift introduced by the tilt process, b)
optimise suppression of the side lobes over the tilt range, and c) introduce an optional
fixed angle of electrical tilt.
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fromthe phase shifters 46 and 48. The phase to power
converter 50 combines its input signals V2a and V2b

wodoogesemwat es  fromthemtwo output signals V3Q’C"1‘Vt§182004/001297
V3b having powers relative to one another which 10

depend on the relative phase difference between its

i nputs. The power splitters and 54 divide signals

V3a and V3b into n output signals Val to Va[n] and Vbl
respectively, where the power of each signal

ftrPaé‘a'B% sgeyn (g@|de§§r¢be@!rla\¢ﬁ)i thet &g angigtof electdsaldilt biythe array 60 is

e&h&\ile Engl Qy%w SnPlarlbe Bﬁa@%rsrﬁf'té}n?riesﬁr{hulé Bha& shifter 46. This

Splitter Is an 'a rrpltude taper §
€ P@@ﬁl"Y'Wg‘hSrﬁf enAl requiresent tﬁob@fe f@hﬂlpbpvarlabta ptatei ghifters, one for

e\‘}ér&te}ﬁ@{riat &igfent CWEéﬁ’ltlllé Eﬂaselé ;fel'elﬁce |;1r{?8d%%ld' %{ kl-?ein gglrlable phase

powers across
ﬁwlgwe%mpqsgwe tae fiﬂt@ﬂ@ﬁﬁ”tﬁw@rﬂi‘@r@re@flomﬂmwhereHemphase difference is

BEYALivE tite AitehR& IR Ao BfhosBdirstRAP! €s wi Il be

descri bed later for arrays o i xed sizes. The out put
signals Val/ Vbi to Va[n] and Vbi to Vb[n] are grouped

if Bhetaidrs af ﬁLﬁﬁbeﬂ' cfffu%l%nbacl"zgse? Phdyf K& Va? ?é%%? l\tn{]/g%se\c}bajray antenna

| i ke- nunbered suffixes, i.e ﬁalrs
em e srf}aé'velsoa@‘ t Igpquined thalr Gefusers emploype coimmeon antenna 60,

MQwﬁéadwou@?% 8 RYEddtifE %e@@ﬁ e?etn@ents W3 fohsé%\é rl‘h ,Fgpre 3, and a

eactéj air into two antenna el enment drive SIg
FE‘Q

RASVBIHIE deaitaddpapEbinesigurle riranm e r@a:mmgoplmety of sets of
phaaathiRSSSSSU V.étél f@r FERRFd W Bhithfla 237’%3’962 OB&Bﬁsrhed International

ective antenna el
‘%’%8“? X&@WB%%‘@ 5%’8@%5858%?1%510613% SR Netwodd 25

phase shifts which between different antenna el enents

QR Fow) BoBiahis dn ik <Badng RO, g UIRORRISI the plmse to power

c@ivederz euiput dg&famwea dhd ¥6bi Mottddl a82a GUndiA b diffefHc® in phase

bée)t\evggrp e\}r%:aﬁr r%gﬂr@?ﬂﬁé& gﬁbfz%get e hqfﬁseblerqrb(gge@nd V3b are

foymaligediard abkienyphaseveh IThte@haé@ah@leg of the sTdH%als (/Bé 8Hd V3b remain

é’r{l@? g?épé{;fﬁag@segga% ﬁg gowﬁ%%r %reggg%gg %Ig%t pt)tfga) other |¥10reases as a
pqu&ncemf cbamgmg the refativeppiasse diffdrbhicd PétvedH 028 44 V3eintroduced

tf)) kéré % égher 4%t &/ Seliuﬁgﬁégeastﬁ/h?\?%tgfg@tgggp{%lbdrepresents a 180

dq@e&)pladse éhlft(eﬁmaaslg;ha rélitivelteoBai cal tilt. WO

2004/ 088790 PCT/ GB2004/ 001297 13 It can be shown (as

described later) that the angle of electrical tilt of
Figeredy isagqub@lérs to Figurallexceptiipdtyit isya piot bt poner, vorhalkke to 1 watt,

Sl TIPS R A —

byuP84 @ind PR3 weetﬂeetl\mmasitaslsdswé theat svhepnthef @fitenna is not tilted, i.e. when
phase = 0, P3a is a maximum and P3b = 0: therefore all signal power is fed to the first
splitter 52 when phase = 0 and the second splitter 54 receives zero power. Hence, the
distribution of voltages (Vai, Va2,....Va[n]) when the antenna is not tilted determines the
boresight gain and the level of the side lobes for zero tilt.

The effects of different voltage distributions across the elements of a phased array
antenna are well known. Figure 6 illustrates three different voltage distributions for a
phased array antenna having seventeen antenna elements, voltage being plotted against
antenna element number: here the antenna elements are considered to be arranged in a
vertical .plane, a central antenna element being numbered 0. Positive and negative
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every antenna el enment. \Wen the phase difference

i ntroduced by the variable phase 5 shifter 46 is
wioBivsu¥Eyd he antenna tilts in one direction, apdrgdto4/001297
that phase difference is negative the antenna tilts

in the opposite direction. If there are a nunber of

users, each user may have a ngspective phased array
antenna systen140. Alternatively, if it is required

a commpn antenna 60, then each

at th l o
srdEine, SEmes aupBers ole GeTOTAY MGG & whelnsr 8Bt /RetANHRrElement in

Eoucase3is ab@l/eaoﬂ(@)efdwfﬂ#@baﬂreﬂeén@ﬂé bRnichElY, reﬁﬂi Eﬁtenna element
conbi ne &&Halsfromthe resultlngelura|t¥ sets
DS HRRANXIAPip Sa8N £8P & BroPPEiPNaldedh® gepeatior batwasnriae relevant
éléﬂh@bit &% thRubdHtah e ridnt S Mah P \

N S SR richt AMGIeDOBInen AL IEBHhARGL By division by
tﬁ@fcéf"f’?'n@"tﬁ'@\ﬁ plsmeing yeliage, s mies C@mmmamfngﬂcﬂ}enemieo has voltage 1.0
reRltivagesthef antBAnPERARNL power converter output
signals V3a and V3b plotted as a function of
difference in phase 15 between V2a and V2b introduced

by phasepbaag abdrinaas pﬁﬁ*nan%;‘ﬂ?@uﬁ@ﬁtoﬂ%e\fabxﬁfu% boresight ]gain then a

normal ised to.a maximumo Vol The hase angles o
RENGYIgR SR TDgYEn ZhantpaRe esraent vobagen 1S ARG AUt HHAGEIETRS elements
dlheaveomersagie e Veltheeass nﬂﬂu@al‘éﬂéﬁy HfinddtnoP88E! plot 70. If maximum
i ncreases .as, a E sequence of changing the relative

HRRIESStaN;af Jdsnioke AR, ankine/pis! Aistrioytier: €a of lgptenna element
mg@@ iseusﬂaia&ﬁeﬁﬁmf/él?fa %tnﬂdﬂw\?&fma)a bBRERY '\MﬁCH’Q p&¥Pectangular

) ’H{a B E{J'ezﬁﬁlﬁi b 20 de"gree phase shift of
FiLpart pigRafia SEbFtPn AR RHheSuB plthe giistuawtions Aand 72. In
distgbit 726 o RPinobhwiémbhtsissardd -l r@éel\ﬂ:f z&0 MR Wer Bﬁ(ﬂ BBh b& @thitted from
agai nst phase difference V2aN2b f

t%’?@hﬁ?%&Vé@’ and Vb3, their powers being denot ed by
Pia and P3b respectlvely It shows that V\,hen the

I?H5§ rBrg?tnn gcﬁug'agé e%/%ﬂ aﬁgpge &V\‘Eus lpyé)rﬁloa thsde\)éej of ghq; gae lobes to
be)optimnséd rasuhéma(phwmtaglésﬁf elbetricql Hits Side lbbendvémwu then be less

A TR L —

Befegingatoi Bigat 3toridee:d10m3ttertﬂt| thespHdsed dﬁmye@mtghﬂia @i dlectrically the

BB M8 s 5 UG 1% S e ol an v
aritenmenglemelfitsa6@bicesebQLi (iay! toan)tteemeecaive dwed kigkalBwaving phase and

et b} b7 VESohgh SR Btys YRLARE VL, thg phase gutd o
thesignticfed t@mea'ﬂn@p@reMm 60Vli¢ aiven bgi ng pl ot t ed

agai nst antenna el enent nunber: here the antenna
el ements are considered to be arranged in a vertical

pl ane, a cen VBﬂ] ntenna el enent bei ng nunbered O.
P05|¢N[Kle=tan 'geﬁ? ive WJ 2UU4/ US879O PCT/ GB2004/(®p1297
14

The phase shift ¢[i] of the signal fed to the ith lower element 60U[i] is given by:

#lli]= — tan (V.amj @

Equations (1) and (2) show that the phase of the drive signal applied to the ith upper
antenna element 60U[i] is in the opposite direction to that applied to the ith lower antenna
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antenna el enment nunbers are assigned according to

whet her the antenna elenment in each case is above or
wehowosgocent ral antenna el enent 0, and ant eNGB2004/001297
el ement nunber magnitude in each case is proportiona

to the separation between the relevant elenent and

the central elenent. Antenna enent voltage is

normal i sed by division by 5 the central antenna

el ement vol tage, so the central antenna el enent 0 has

PP eSOLh Now|the  pkiages euipst framt dimacenshsplitter 54 ase chosen to
e ﬁrbfna)(/b@ntbe%ﬁ]' Be.PUb 'Wﬂgﬂ F§d>t\9bha¥8nsequently, from

EF\Z@
maxi num bor esi gai n then rect
dGerensutl) 8rd & Mreamsee ohesr frool lﬁaﬁ}é@“ﬁbedls@dpsa the. antenna 60

tcﬁ@s@@tt%‘ﬁé\/eeé ﬁ&?@&ﬁ) ar?le ft@é@nd??ﬂ]’cm %g%e fl}’eoﬂaﬁa%%qront remains

as i ndi cat ed i ne orlzonta
ﬁﬂ%tﬁdfﬁl'xdne%rp%ﬁ E@sm«\e 6f tiigimcressed, uhewres’fegvmg boresight gain and

rsﬁiéqbﬁ@gupp?e&'ld?\omc%h Hd ﬁeﬁ'fw EBUat?o%sQﬁ) &N @Qﬁat the tilt sensitivity is

el enment vol tages i s used ternati vel

detarminegtbydhe P&’Wﬁﬁﬂelb@f%@dthﬁrﬁ@ﬁnd §Pﬁmﬁft541= ¥éhemimplemented in this
‘Wb@/ tﬁ@bha@d%myadntenﬂ&esagte?ﬁ ﬂgg% L s Ef‘isn'tlﬁtf‘lﬂkf lstt{/‘@%eﬁﬂrn? degree of

he di stributions I stri'butio
&ﬁcemb@tp%ﬂ@rﬂﬁ@f%es@féhtﬂtlﬂaha@;el ve zero power and can
be omtted from the phased array. 15 It has been
found to be advantageous in this invention for the

1Tdgantesnasygieq) Hmeyhesmplemasiechps A singiaifegdet aystem or a dual feeder
bwq?eaegératc@fm ehker ths®aln h'sliﬂgle Ricder sphien %Vﬁngcre] S|gnal feed 42

w less than the | evel at the maxi num

SHPRleEta FghelaYn ipithe SRiRna-oriss| Glinpist Mak bRUTted Oh & mast, and

Refrer44 %4 iA Lﬂé IPard AOGRAWHE thd Bnfehhd a?r‘é? ’Pﬁ'i@frﬁg the advantage
O electrically the power fe

ay . ant enna
et Ghly ¥ vignal feethisi neadgd te A3t Werﬁrﬁemre SXSﬁleftCﬁn a remote user,
lbpp@galm thdt @WemoBDopetaen Banrft adest the GRkle cﬁ@i’ecﬁr@é&ll tlﬁ Witfout access

B RO O M-

¥afle]of ardiri¢htii] . The phase u[i] of the signal fed to

the ith upper elenent 60U i] is given by: Qu[i] =

tan-1 Vb[i] (1) Va[i] The phase shift OQ] of the

én griab! feedertsystehe tivb Bignalsev2chegplh afiddi th dnSarﬁeNr%ﬂarray items 42

348 (65 ctirgl Farmeanef i) m AGE® gimes eorled Gy Raiset dmotely from the

apfEnhadrrag 60hand tdmsiPPes 64 &R Eﬂﬁﬁd%%@tan‘ﬁélﬂal arrdys THE user may

BRI e Sh Lo e 5 ok B Dot . 11

ealserremveﬁi@h[ tq rediee ﬁlh&ensi’u\tl'@gﬁs realuicp Uhef &feattd o8 phase differences
Defd fégclierg ta%crj h5eﬁcéjl %edlggrgrsl’ce between the angle of electrical tilt required by
the operator and that at the antenna . With a respective set of tilt control components 42
to 48 Ioeated with each operator, and at an input side of a frequency selective combiner

located at an operator's' base station, it is possible to implement a shared antenna
system with an individual angle of tilt for each operator.

To reduce the effects of variations in amplitude and phase between two feeders in a dual
feeder system of the invention, tilt sensitivity may be decreased by reducing the power
from the second splitter 54 used for electrical tilting. Tilting power from the second
splitter 54 can be reduced by (a) feeding some of the power from splitter 54 to an
additional antenna element whose phase shift is constant and positioned in the centre of
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increase fromVbl to Vb[n], i.e. Vb[n] >
.Vb[i]>...Vb2 > Vbl: consequently, from Equations

WaYo@Nndse) a progressive phase front is establicheboos/001297
across the antenna 60 causing it to have a non-zero

angl e of electrical tilt. Furthernore, the phase front
remains 5 substantially lineagg as the angle of tilt is
i ncreased, thus preserV|ng boresi ght gain and side

suppressi on an _be seen from Equati ons )
RSP AV, by (b} SRBHBE Sovra gt HEE bRdBHp Ruderination, or (@) a
bymbinetigrouka) sed Lbyer ed by the second splitter 54. Wen '
i mpl enmented Int way the phased array antenna
system 40 has a tilt sensitivity that is typically 1

fhegrdeetoafvoidedreghiduieaa@biudtiontin ﬂﬁfméﬁnﬂﬁgﬁ@@@ oP&ntsAhd boﬂe@lght gainitis

0 The anten system 40 may | enent
BreE a0 chbitnes Bl e 52050 Balier PaGLintS B Steioglsentral antenna
él[éﬁ'reat ONhen o@néd’falfC@me)a totah s@c@1d1§;blﬂ?tef' poder nssua%t ﬁma o@ntral antenna

n d 42 es a sjgnal Vin to
ﬁlﬁﬁ'%ﬁ‘ﬁ tﬁ{l%%ﬂsélﬁ ﬂcﬂlwq)gegfﬁgﬁp %nfhagrﬂ dgg,r@e of electrical
fiit.ens t¥d tﬂtopﬁs%es r’thﬁdugbl rferd thé ?Hﬁ@é ns*hﬁﬂ oni the &drral antenna element
one

SRR oGHs eorBsadts e e SHERh danuns e S8y bty between the
feIVQI@ &f Itrﬁammbﬁeruaﬁﬁ lower Bitde msnmhmtdmgme refitid?e these lobes are

opera or cannot ust_ the angle of electrical tilt
rahfRaL e da0 Shrilars il AN SpC: SiRPTges. g6 URpeF sside lobe

ﬁi@@v@sﬁ@wcﬁngﬁltﬁgt@ atﬁ etﬁkﬂﬁar\/\mdude alhk pesemilithieofS @i8rference to mobile
%n e of el ecime% g In a dual feeder system two

Ngs Yyoing ggea’t‘a Of%d to an antenna array: itens

to 48 (tilt control conponents) in Figure 3 may be

it BBl 48 of B SHEBh Bechides i of B eGP
e DB Reledd 3 Rind e RV 188 5afl EGbo 2 ERRRe trer por uoer

til tlnstaadlcﬁpeaaMenro@eremeinEnt to reduce tilt
sensitivity to reduce the effects of phase differences
be2wekasef auiiemplitide taparte cemaini fubstaptially ¢mrtstard oveha range of tilt ( 4

200! eobofh58LEbAL, SchM £8ah  BREF Bl o s
cont melleo@mawﬁem'lmelzﬁntso 48 located with each

operator, and at an input side of a frequency
seBe@tdev@b@owmprﬁaSIOHI mleﬁ effective tpeughoot ths titasmmge and can be

st at ared ant enna
syst l(:e‘?'nﬂ\r/\c/f"{9 t(%%slgn alf ang @6??&{; ﬁ?\ﬁ%}or each
opgr git & sutmé'bSﬂBE%egﬁearﬁé tRfng Of variations in

anpl I t ude ant phase between two feeders in a dual

f egdﬁlrdlv'fdﬁ%ﬁ f”%ﬁ’éleé 5'% é\}é‘l@rﬂ% kFhalind b %‘?:%}ﬁértlﬁ il?&e %gg@genlésers;

decreased by reducing t he power

S pbl Heeénﬁéloplﬁ?ﬂ tfef?{srrfﬁj rﬁ&'ié' L&Rbe %iﬂhér t 8 samlelats' &gczlﬁé}@ﬁ{to from the

from t he second can be re uced
f eedpigle b 'fcbfeqeh@ rpgv\sedewt@nthgm Modes haumg @lf&'fen’c frequencies, as

addi Ml%es&ﬂﬁ@@%?ereér‘?d"em whose phase shift is

constant and positioned in the centre of
7. asymmetrical side lobe levels are obtainable to reduce the potential for interference

with mobiles using other base stations.

Referring now to Figure 7, there is shown a circuit 80 for phase to power conversion and
voltage splitting similar to the upper portion of Figure 3. Only points of difference will be
described. The differences as compared to Figure 3 are that a fixed phase shifter 82 is
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WO 2004/ 088790 PCT/ GB2004/001297 16 the antenna
array, or by (b) diverting sone of this power into a

weewmnstveon, or (c) a conbination of (a) and (p@r/(;ﬁfowoonw

order to avoid an undue reduction in the maxi mum val ue

of antenna boresight gain it is preferable to divert

sone of the second splitter ggwer into an additional

central antenna 5 ‘el enent. Wen one hallf of the total
ntra

éq%%‘r%rg%tds elﬁ,'gg k'[‘ﬁeg‘gmﬁ& p(aﬁ){ 59” ﬁﬂsa y@; Ph%ﬁez‘glti &%e@@ example of a
pﬁasphaspewshcénvewn i% gblﬁaglr e6d h‘riohﬂihﬁétsr 88&?}]r1|d QSHO%acth/Miwde into seven
by RS ot G i SBlAE TRl wibe itess 02 and 84

1baas qudmh atfé eylbnd)éhredﬁblﬁal cidQplag BGS(WHdetMeb%ﬂlﬁﬁ halvivg four terminals
unl i'k

bt eatd ph it PR PR JtiberT b phigtinala 16 R are indicated by
qued indsasuchtadsi o2. PhiysaTet p;cywatd@nr/@s'@?ﬁs bbtémde'diﬁﬂﬁﬁ tfd €6mbination of
' t a) t urt her reduce
b8 e HiRes SHREP e hcrhuRle o0 st i @piigs 50 and -180, the
qusidngtuc Indrridtetsshasbahifens. |nﬂ'd1]§|gmts€1§y werdr -4@0 Gépélﬂﬁhg upon where
0 vant

SR bl B AR S ouBte Shoafl BR o A5G hase UL S is mput to

terminhaB @and kiufdue bt mhlngfseﬁ and & tonspl lfttéﬁ g8t e@ﬂ%%iﬂﬂﬂl@ase shifts -90
b o A h——

Ed%@napst tbdeﬁmdielgm @ga Olﬂﬁﬂ%ﬁdérﬁﬁnﬂﬁﬁlérﬁﬂ@e@%&mer@teé% and 88b with

t acrQoss antenn

tieRRerne St Beares Gl i dediees shenachueineTaq rpliars dba and 8ab

dravide gpbwet divisentbroddly spekirtyeh davaribed edflecontrol led to

| ess than 18dB bel ow the boresight level; 4. tilt

sensitivity can be set to an optinmum 5. individual
Ini Figurenglasshasr bearv aalhaﬂ‘laseftopowlaabbmgarsibn as sholvanmpldayented with

i - ; i 0. {,
B2 478) S oS P  e STEb B
conyeesiant alspl Morgover duity phaselto-peseai ted Hoaee-tavpbese conversion can

aP?d’ 'Hégm?lé%gﬁt‘éatwftﬁ eI%HeE%rS h(ﬁﬁfi dgglswe\p&wgleggessu% e difference

hybrids neher atsaoma;dd:omth hpppptiaatiixet plasei stifts tependds the required
es using other base stations. Referring now

We@.fgﬁé}g“‘z there is shown a circuit 80 for phase to

power conversion and voltage splitting simlar to the

Rﬁ?ﬁfmggﬁw A9 P B! TEphirse Paly B2 bSniotdd {n5?§r?&\ﬁ1(3 to the circuit
80 and comprises fourteen antenna elements 96E1U to 96E7U and 96E1L to 96E7L
shown in upper/lower pairs such as 96E1U and 96E1L. Figure 8 shows the electrical
connection scheme in an illustrationally convenient manner with pairs of elements back
to back, but in practice the antenna elements 96E1U efc. are arranged in a straight line
and all point in the same direction. The upper antenna elements 96E1U to 96E7U are
connected via respective preset phase shifters 98U1 to 98U7 and fixed -90 degree
phase shifters 99U1 to 99U7 to quadrature hybrid directional couplers 100C1 to 100C7.
The lower antenna elements 96E1L fo 96E7L are connected via respective preset phase
shifters 98L1 to 98L7 to the couplers 100C1 to 100C7 also, there being a respective
coupler 100Ci for each upper/lower element pair 96EUI/96ELi (i = 1, 2, ...7). The preset
phase shifters 98L1 to 98L7 are optional: they give the antenna array 96 a prearranged
boresight direction corresponding to zero electrical tilt and optimise suppression of side
lobes over the tilt range. '
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are that a fixed phase shifter 82 is WU 21J04/ 088790

VREId0c8360¢/ 001297 17 connected series (insteagcaichidog001297
parallel) with a variable phase shifter 84, an exanple

"of a phase to power conversion is given, and two

splitters 88a and 88b each diygi de i nto seven outputs
ValNbl etc.. Signals pass fromthe fixed and vari abl e

hase shif 2 and. 84 to a.quadrature hybrid )
RrehEPlir00E] 817 oY o trbaPurndl o/BP s PN Aa e dhe splitiers 88a
am:mstt,e.emmatrmof@p{%: 1BQCQeaéide?npl[1)ﬂ$lgtﬁal_§ lvg_pélﬂicz Vgt \{g@h i having values
en irs._o erm nal s o.D are indicate i
Db VEaS BRus "t oo Hd el it et I, <1pr; 86 mentioned
edrlien, nededdiomagd fo@r earmiMaraiiterD Qith ihteevdhintepO@fput paths indicated
hifter .82 an co%)%e 86. As jndicated b% mar Ki ngs
DY BUrY R inggpuch a2 .éwpgqrdpgqayrsp?'ae%@pﬁ gis¥akand Vb2 at B and D
ietsﬁedtivplytanlﬂ @ﬁﬁir@_ebyg(); 98yres anélsﬁ)?@'@@’@@ivlﬁﬂsg Eﬁf]fteblﬂéfsﬁ)ns of each:
syc i gnal s ar nput, .an ut put: si a from
St R OSSR phfdin ST i odutees 307 Bk nliaae shitrq 180 degrees,
@z_ut% ﬁutp#&tC tr@%ﬂetrsak/ag %}gragd dhifteR swg H%@gés%&a apg #8Be shifted -90
se shifts - egrees and - egree
BBl BYELTA i Rnnaripy VEIordec 08 ipAS SIS Paltleand preset phase
griisreosn td anhtenB4 disméntPaBETLY dnllr sitpat CDs andnestbdWia pfeset phase
8a and 88b with phase

termnals A and Cto splitters 8

o S Tisrienraeement 95t igTlec aaaassents wply, wer feeds to

ethki tUppeRIoRBR @ienmSlerérVpaies mumﬁsﬂzsit@;gdﬂnﬁ%mL. The ith
ure as

speaki n s, described earlier. 15 In Fi : as L
Rt b SRR BHGE Ano a8 deae s siter o0 combination
praRide peeetb-phide convasicatdhoanhit Beiitl sigatse, known as 90

degree hybrids, which can provi de power-to-phase

conversion al so. Mreover, both phase-to-power and

Pefeeing wow latseetocigwrer & ithe pbased atray 98ds ishpve e itk edtual linear form,

' 0] ree h [ al,so_known um.and _. .
Wieh PapR el e MER! oGR8 ol B e SR ARRR i spaether witn a
fespectivp hastorsdiagrasr § 00Ut dwi1dOLT He itsexghtr ¥dctoR@jagram 110U1 has a

| ctjon... Referyi I . Fi.gure 8, -
REERAY' 2o HE sl TR e, Ao¥el, A8l o Wcforf o and b1, ana
©presgnting 8® aud ofdhprsigneds Vel randeYb happliethtochmiepm €lement 96E1U
1.1 U 6 S i :
AR PHsE SARE 25 PlevoylsR, BT oga i’ Repayi canply to other
aitenia elementse dheiitb alppercantamtt élomest 9@ receives the vector sum ai + bi,
il lustrationally cgnvenij . manner wth pairs of . .
iR Iohdnota I E St FEes e Ve St it
el enents 96E1 U etc. are arranged in 'a straight line _
poi Nt 10t Lrection, The-up ant.enna,
B ylaoe il fs0ge 2 e it Shllet o 1 TR afOMARRin Table |
inzles eFompbersenignce toé reprasdtation i@ poveerdedeélx ack nOfnalised so that the
[ hase, shifter,s, 99U1.t0 9 0. _quadr at ur e
FA PRl PABRE 3R ahe Shisf Bb2 i< D ugt Voldhsd e 546 Soots of powers so
they are relative values also. The antenna element voltage levels have a raised cosine
squared distribution. [t is similar to curve 74 in Figure 6, except strictly speaking curve
74 is binomial not cosine and curvatures differ.



The | ower antenna el enents 96E1 L to 96E7L are
connected via respective preset phase 30 shifters 98L1

WO203k8879® t he couplers 10001 to 10007 al so,
bei ng a respective
el ement pair 96EU / 96ELI .
phase shifters 98L1 to 98L7 age optional:

coupl er

(i

1000i

1,2 ...7).

The preset
t hey glve

the antenna array 96 a prearranged boreS|ght

direction corresponding to zero el ectrical
Table i se suppressi on of si.de

| obes over

tilt and
the tilt

ranqe WD 2004/ 088790 PCT/ GB2004/ 001297 18 Each
[ 0Oljetc. ecelves a respective pajr of

p?ﬂ'ﬁ %E%a fronfq '{‘?‘Qespl i fters 88ac'5 Fgeé i . e.
the Otutputoupl r - 10(Ratior ecei ves |Ig(§ut si gnal sElgal_
Vbi with i haying values 1ito 'bef orle
coupl er_10001f et c. |s equi vl ent to the coupler 80
ment i 8Réd eafli erS OP Q. each HA899Xr tdrminat®®-A to
D vvrtg éntervmr ng ut - output ths Irndicated_5 by
curved®Pines $uch %@8 92. Qoupl qﬁb01 rlecei ved-{ nput
of vag gnd VbP at B and D respeoélvely gnd generates
-90 déBree angl -18@28e@ree phas&-@Hi& t ed [versi of
each utput|Are S Va hlfted -90 degrees
and V%Egphase shif§g@85180 degrjeio and outpUt‘9
chitt 48590 hear cBeHotyc puf A (65 hnectled vi 47990
degre hase 5hi ft Ul and pr phage 10 s |fter
98U1 ? Bantenta eI@ﬁ%ﬁ? 96E1L @Eﬁ? out pdt C i s%
connegted viajpres ase Shlf 98L1 {to ant
el ene ? 96E1 L. ﬁﬁtspg{] arrangeriﬁ%% applly to p
T eeds to ot her upper/Tovver antenna el enent pairs
6E2L) 96EL2 to 96E7U 96E7L. Th uad atur b

189S 08 GomeR draRdor B seagnoaP e 8 BBtk 7 sl hodp in Table

Z; erpriessdd anrelativewatlespd waiostinthehwaee wamaeﬂwse f Taishan .
at 56 in Figure 3. 15 Referring now also to Figure 9,

t he phased array 96 is shown in its actual
Taptey with each antenna el enent 96E1 U etc.

| i near
shown on

the | eft hand side together with a respectlve vect or
UI ayl dart J.J.WJ. L U 110|_l L U1 S 1 | glll . VCL,L Ul ‘ur ayir artt
esul arrow 112 ari HawerfRadion t he

veg%%r éﬁ? ti pn of ve%?ors al and b1, and
repr &sigmti ng { he suatiof the signLé Val gnd
applied to angenna eIenent O6EL %'aftér vﬁ?%gﬁﬁs
p:raac sti-fts S—Pt-evH Sjera Y eseret—SHrtar—trefarks
appl yvbd ot he an02680a el eprent 0V.0680e ith uppe+tit.7
ant enna el enefnt 96E1U receives the vector] sumai + bi,
and t ith | pwer na e Ei L rleceiv t he
vect or glffer=nce gghg The 3% ge and powe 2
rat+os—for—the—first oplrtt —88a—+nr—FHgyre—7—are
shownVbé Tabl ¢ 1 0.5032 0.2532 -6.0

Vb4 0.4910 0.2411 -6.2

Vb3 0.4086 0.1670 -7.8

Vb2 0.2702 0.0730 -11.4

Vb1 0.0946 0.0090 -20.5

t PeTRB2004/001297
for each upper/| ower
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20

bel ow. For conveni ence of representation the power

| evel s are nornmalised so that the 25 total power
veaizooqngsfooom t he splitter 88a is 1 watt. VoltageS/@BR04/001297
square roots of powers so they are relative val ues

al so. The antenna el enent voltage | evels have a raised
cosine squared distribution20t is simlar to curve

74 in Figure 6, except strictly speaking curve 74 is

B ThG R AT el AT Pty BBl s o smborimen
88scridetit wijle rfeterenceRad | Rig@es prittoRat iaadPpawts deeciibed Searlier are like
510 QoI 3505 5 B e 3558, e verto
Whéreillis(preezdble o fRdudailit SerisAldy @ 2840 pbsslble Wtlerfdbr 284 o the effect
B 885 i Fene oA BRI ThhL G I raplagons: e
encpiifieatiadisate insdrabin \egtra ablites 120 -ratw®wayrsplifer sBe®vesnYoutput C of
BRSO Bl 0¥ e oo to e
SediriGsplittdr. 88b i diverBtbiolraidd andther siyhd bk @32shown in Figure 11,
bG8 i By S i i Sk e i Sengrorez, wi
Yd2eR28 4O YBI SYnBIGT &iBik004800eg82é phadbe shifter 124. The additional antenna
element 122 is located centrally of the array 94, which is otherwise unchanged; i.e. the
element 122 is positioned a distance S/2 from each of antenna elements 96E1U and
-96E1L, where S is the spacing between any other adjacent pair of antenna elements
such as 96E1U and96E2U. It is noted that for illustrational convenience the spacing

between additional antenna element 122 is shown as equal to other spacings S but is
labelled S/2.

Figure 11 is equivalent to Figure 9 with the addition of antenna element 122 and phase
shifter 124: as indicated by vector diagram 126, this element 122 receives the signal Vb0
without subtraction of any vector signal from splitter 88a. The voltage and power ratios
for splitter 88b are shown in Table 3 below. As before the poWer levels are normalised so
that the total power exitihg from splitter 88b is 1 watt. Equivalents for splitter 88a are as
in Table 1 above. | '
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15

Referring now to Figures 10 and 11, there is shown a

nodi fication to the enbodi nent described with
weioek/esseen to Figures 7 to 9, and parts descri bi’@T/GB2004/001297
earlier are like referenced. It is particularl

suitable for a dual feeder inplenentation of the

invention where it is prefebable to reduce tilt
sensitivity to reduce possible tilt error due to the

effect 5 of phase differences between signal feeders.
TEHs ¢ are two nodifications: the first nodification

istoinsert an extra splitter 120 - a tw way’
Litter - bhetween. output C of r\nunlnLg_gnanrl the

secorgb gl ittdr 881%”3'5@5 al|l ows sone pgfyet hgt,@ower
h|therto fed tjo the second|splitter 88b to

di ver@eBut o priovi deRaHet her [si gnadodpO. As shqyghﬂel]g
Eiqure 11 i array 94 is npdified by the
i ntro ion df an i4iondl an g el efrent 123

Whi ch 10 receijves the VbO si{gnal b\e}jlyg a fixed 180§6

el ementb6L22 i 4 | oc &R ent rlal I y001f549he a%ray 9481
which i s otherwise unchanged; the ellenment 122 js

posi ti d a dista 2frome f antenna
el enents NEW andr&%% 1L, V\he?’gébggl s the spac?sr;tg
' _ enna el enent s
such a896E1 U and96##84 |t |is n®¥¥6t hat (for -7.1
| lustrational} conveni ence tihe spacing 15!hetween
addi tighal antienna egggent 122 i ¢ pfgown as equalg yo
pt her spacingsf S but Is labelled S/2. Figure 11 is
cquUivarent to [Frgure 9 with [(the addition ¢f antenna
bl emrentb2122 anld phds@44&hi ftler 1240598s i ndi cat ed2iy
' 126, this elanent 122 receijves the
51 gnalyppO  wi

houty gad r act|i on @fog@my vegtor siogmal
fromsplitter B8a. The voltage and power natios 20 for
spritter
hover YRel s

€ shown 1 n Tablé 3 bel ow. before the
e ndt e sed |so  thH4t he total pover
bxiting fromgdolitter 838h (&l 1 watt Equivalents for
sputter 88a are as in Table 1 above. WD 2004/ 088790
PCT/ GB2004/ 001297 21 Table 3 Splitter Vol tage Power
Rati o Qutput Rati o Power Decibels Vb7 0.2355 0.0555

TRS dﬁect’éhfbf%&aﬂtﬁrrpgélﬁﬂ& a Phased \@rfaylartSrith 8. dénindd By the phase

Vb4
and amphtuge oP the vo?tages on its antenna elements. If the performance of the antenna

is required to remain broadly the same over a band of frequencies then the phase and
amplitude of the signals fed to the elements should remain the same as the frequency is
changed. A length of transmission line has a delay which is constant and independent of
frequency, and hence the phése shift it introduces in a signal passing along it increases
with frequency. Consequently a phased array antenna which uses transmission lines as
delay elements will have a performance that changes with frequency. A broadband
directional coupler has the property that the phase relationships at its terminals remain
constant over its working range of frequencies. Hence if directional couplers are used as
delay elements in a phased array antenna, the antenna’s performance will remain
constant with frequency. It may also be advantageous, as a means of compensating for
changes in side lobe level with the angle of electrical tilt, to retain the use of transmission
lines as a delay element. Maximum design flexibility results if a combination of a
transmission line and a directional coupler is used for delay/phase shift purposes.
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Vb3 0.3690 0.1362 -8.7 Vb2 0.2440 0.0595 -12.3 Vb 1

0. 0855 0.0073 -21.4 VbO 0.4294 0.1844 -7.3 The

v peatvperv of maxi num gai n of a phased array antr@EBI084/001297
determ ned by the phase and anplitude of the voltages

on its antenna elenents. If the performance of the

antenna 5 is -required to ré&%ain broadly the sane

over a band of  frequencies then the phase and

R@Pslrhr‘idlﬁgwoﬂco H@;ﬁres‘lg Bha erﬁgﬁl% ﬁr}%seﬁﬁéf:??éé:go&%%ﬁl gn? modified to

renal n he sang as e frequ
Hiﬂstfataﬁmesf@eé @rnan@\@ﬂﬁratg laar@ﬁapr@ylouﬁv cilesq:r@edmrstnaa{refamced with a

brAgRBEERT N gcth QQWPE deé&fgeaeﬁcﬁ QQ%JJH%??e%dS{BSf Supplies an RF

It 1ntroduce passi ng I NnCrease
GRIiAr siga’] e stph@@rnb% lmﬁh tpgathphmtleall apm;anamtsamao 160 inclusive

Wé‘ fd“—lo‘éﬁt%% ?ﬁl@ﬁé@l%'éﬁhéth@ﬁﬁoﬁﬁt %th%{nﬁ‘mfea Péf}gn%.wt}i\ch may be

have a perf rranc that changes w
Bﬁ‘édﬂ@f&nd directional coupler has the property that
the phase relationships at its termnals renmain
constant over its working range of frequencies. Hence
Figueg 12 ebownalPhesehprsrY aateanmwe@sﬂwgﬂ thy irvesiieneguivalent to that

ShdWipRedigals Y Wﬁﬁ‘trﬁ‘d?:ﬂﬁ)atlérli1 forati¥e8h '?)‘Btrf' re%%fvfeoz{rﬁ%f?&%ﬁm Hodes. Parts

remmin constant With frequency. q)é\
BV ioneigdensgbed sarg H@afﬁéef@'ﬂce@loﬁrp@rm‘é\t gnges wiib be described. The

GAIRBUEShddR s‘ﬁlfgﬁ 1|4@ Rt \ﬁM@IH tIH\"lé Ebﬂtl%ﬁet?@ﬁ&/v Aed in transmit (Tx) mode

electrical til to retain use transm ssi o

PRlherNcis Canfa%ﬁ%é/mél st P@M VbaiveResiand in |sgne$>wuth tbpndpass filters
E!ﬁb)' 17% arld frC mﬁ’@fé”@tdléma %fmn?ar réééi\,‘és(lj)é ?a?rp 1 47?1 Q@haé‘gar’f’able phase

|rect|onal coupler is used ase s

phiftgfod@s. beiEanUBRd i 5erise wm@wmg@zg&s apg 185. Transmit and
R%Eﬁ/érfkéhgxeﬁ&é‘é bR Ebrﬁ’:@[él? sh%rcue?lﬂ{/ tdlff%‘?erﬁ'ts lérllSw?’chQ?ﬁtogﬁéa@olated from

r epr oduced ustrate sin

are angBRERY Qaanpoﬁsﬁ diltgiselio 6 HI gesmantndds é@ d60 operate in reverse in

tckRelRb®s Atk ety piled bdtoRfingl rekdfhbidis Ofihg
WIC| | be d t?‘cr?f)%d dhAesn ng eIS| é%gl fee%l 165 % Q{ﬂ'?e?enoe been the

'%(Y?ﬁpde%!?r Aein EangAdl mpeetf?ﬁdeé PP tPrfidesqinput,ppd fransmit path 173 is

tragpt&epy W ﬁafh;ﬂilﬂTﬂﬁlﬁHm%@WEfﬁto]%ttﬁhér@Qs |ﬁ‘?édé$\}evﬁloée receive path
e IS re

re. co-loca ires adjustnent of til
'Saﬁi‘\@r‘if%g‘ By laaﬁﬁ’ci'% S'Q(iﬁf & H"‘nﬁ@m e lefband feedar. 16|‘~5| rgrev@es output.
16is ?dﬁﬁa\’@ememasa@damé{;@dusalﬁﬁc%[]@é‘ ltSaYI§W§%e1§ﬂigI@§ &f'@a‘l‘ectncal tilt in both
nventi on equi val e to that shown in 8ure th
R BB Bre T maiBe 10,bBnderepdoryctdHaBeapad e be Mmade equal
neeedly @Eadt dlsaWaﬁwg@@ﬁél}‘) deiscisi hed p@ésﬁblle' BSC&[L%EeESMBSHentS have .

gnd only changes wi || be described. vari ab

FAHSLCK hferend &h@rwqrﬁe%w@ﬁhtwrf?r @W%?ﬂ rfam é@nﬁ@'tn@ﬂﬂ receive
fisq@ifbriciest ransmi t (Tx) node

Referring now to Figure 14, a phased array antenna system 200 of the invention is
shown for use in transmit and receive modes by multiple (two) operators 201 and 202 of
a single phased array antenna 205. Parts equivalent to those previously described are
like referenced with a preﬁx 200. The drawing has a number of different channels: parts
in different channels which are equivalent are numerically like-referenced with one or
more suffixes: a suffix T or R indicates transmit or receive channel, a suffix 1 or 2
indicates first or second operator 201 or 202, and a suffix A or B indicates A or B path.

Initially a transmit channel 207T1 of the first operator 201 will be described. This transmit
channel has an RF input 242 feeding a splitter 244T1, which divides the input between



10

15

20

25

only, and is connected in a transmt path 173 between

and in series with bandpass filters (BPF) 175 and

W@ BoosBeroe IS al so a similar receive (Rx) path pbd9sB2004/001207
with a variable phase shifter 181 between and in

series wth bandpass filters 183 and 185. Transmt and
receive frequencies are nornmgddy sufficiently

different to-allow themto be isolated from 15 one

PR S o T e S e e v e

smﬁenstmammemmmm1raemmdp@§§futew €BPR) 090 1fAf 5 E€DEST1B in dlfferent

I8 570 A BB hhedtai e HoRthrop Ao EOT T 874 899718 have

byssbdridacesiet a$ agmqtleﬁdywﬂtﬂaﬂéglstsibntfdf g flrsﬂgﬁéréﬁﬁ 20%, this frequency
S Lraverse

ecei ye ei ve path
F%’E&‘%"é' af:txg r%ﬁﬂ”ﬁf@fﬁd notheedrawiigy Thedusl OH&B’ETOF 201 also has a
frequande of eatieptién dé@% e FAd T and eaBivAlehts fedha REAGIRPYSerator 202 are
_Eﬁéau%ﬁ:" al  ows t eangles of electrical tilt in
BT %rsmit and receive nodes to be independently
adj ust abl e and to be nade equal: normally (and
anta this is. not i,bl e becaus
The S QRRARE By S0 A ritisaRiaTe BRBglorale iirapet bandpass

tilidrf200ThAtisveemnbinke blyrthe first Hupleger 2L WEh afllkéméﬂ%‘d §§eond operator

68udTi She 8 raRlie S it fam el erent Paddibsd kS BbbT2A. These

torabisad tsignats passeilyny addeder B 3muiot arp batehhavE) rRBeSRIZOISSof the kind

ety 17 2Rt erdpdief naks MeTRe o 30¢ paSll SPBeatianan 205. Similarl,

thiek ethee fiest eopeeatomirbhsrait pigeki xat Zl%ueﬁ'dyeF&ﬂ atwitﬁlﬁt fiéd Bandpass filter

AP eCaufbing By Be. SR ko7 21T R Ll Joied second operator

franemit sifjpalen dreduenayxheutput f86m rapr axjsueht bm;;lsaﬁserfzmg’r 2B. These
S, I channel

oo L BB o B g 72148, B 243 v 205 i

thedardermnaf tili networkr218. Despitsatsisg meos'an& pldded artayi anteﬂriayzos the two

SR SR Tl 50T b an oty

irwrpu‘.he antenne liSnmereiys by atjustin@darEble phasshstditers dST Aeand 246T2A
P P tween WO 2004/ 088790 PCT/ GB2004/001297 23
“and fixed phase shifters 246T1 A and 248T113.
S| gnal s pass fromthe phase shifters 246T1 A and
) T
RSBy Scba0SRASEL i, R g g 305 8P 215 o
ferdensaticifagrd 218Beare dhidad by thediupesars B tasnd adass These divided
Q@ﬁ”ﬂs SF‘é“ﬁ'l%ﬁ%lt@rteggo fs%%ﬂéjf?\@?/ Yol fr%@@gﬁﬁpg f’rxbnripgadpass filters

first operator requen ei ng S|g
29981 A Qaﬁﬁ“ca':lo@ﬂ“BnandwéOQﬂﬁ&w wblchTmeVlﬁe reégnatep & atable and fixed.

ﬁ%]sfaéhﬁ‘%rg‘ Qﬁsﬁm@e% %Yxsﬁﬁ B Ud 2R l%gé‘%cglpg&ogqecreéve angles of

and e he "'second opg
electrical tilt are then adjustable by the operators 201 and 202 independently by

adjusting their respectlvely variable phase shifters 246R1A and 246R2A.



Ft x2 and Frx2. The first operator transmt signal at
frequency Ftx1 output fromthe | eftnost bandpass
filter 209T1 A is conbined by the first duplexer 211 A
with a like-derived second operator 10 transmt

signal at frequency Ftx2 output from an adjacent
bandpass filter 209T2A. These conbi ned signal s pass
along a feeder 213A to an antenna tilt network 215 of
the kind described in earlier exanples, and thence to

Claimst he phased array antenna 205. Simlarly, the other

N

first operator transmt signal at frequency Ftxl

out put from bandpass filter 209T1 B is conbi ned by
Arrhased @rfay @aoisnes systemiwith variableaelettieal diranddaclediopad array
Taf=Te=Ne RS lgnal at frequency Ftx2 output

?r or% a%géﬁgh%nt_ _bac%ra@aggs filter 209T2B. These

ebnbi Acdividergioaldividing @ radionijequenecy ¢RE) tawige sighaBBta &irst and
t he pgﬁcsog,%g?dnrsg’y antenna 205 via the antenna tilt

net wor _ Spite using the same phased array
Bht enAavarigble piraset sifterofssrintredusingan. varlabler relétier phase shift

transgi ki tilt both independently
HéﬁNe@ﬁ%ee@'sPén Rbhd Eléﬂgls,

and renote é)s romthe anté€nna 205 nmerely by adjusting
ohr i aBlpbagmtesieovsiidonegrier Jaraonaering tiriaetatikelyathase shifted first

respegii uabna ARl AP UTInkIs WRGEL KEwBHIRRL S AEIHER) iGne

fromthe antenna 205 via hetwor and
and 2medmivapsase shified by the dupl exers 211 A and 211 B.

Seserfl, 4 drst Ol S o Sy P o
filt elegst twogrisnof diGdebsignalnghe teabimbyaReEidegsignals in the

rovi ' ' i
21 S8k g ALI e of s BlRE e sy

Bl s pek@WwereloyPhareceanyertensioe sombining gairs iof glivided sigpale from

then gietbrent F@Wé’r Pittéra %o PRIAR Wctor &l 8MldifBrence components
i ndependent b d Sg&gel r respectivel

DYy a usti C
vari aplt aawaﬁféat% mhﬁféf% sg fespRetivesmies of aOYenza elements

C ai Mecatdd At EAGSENGIS" A rRBpENRRas ¥FhPeemid h vari abl e
electrical tilt and including an array of antenna

el ements incorporating: a) a divider for dividing a
Aaslistenf raegoreimgyto( BEImcarhaviay & @aadl numiber 6fi asteniad @lements

TR BU R aaihad e Tieok el Shiel b Pt fise fistan
atenra elemeatsd second signals, c) a phase to power

converter for converting the relatively phase shifted

first
A system according to Claim 2 including a third power splitter connected between

the phase to power converter and one of the first and second power splitters and
arranged to divert to the central antenna element a proportion of the power from
the phase to power converter.

A system according to Claim 1 wherein the phase to power and power to phase
converters are combinations of phase shifters and quadrature hybrid couplers.

A system according to Claim 1 wherein the phase to power and power to phase
converters are combinations of phase shifters and 180 degree hybrid couplers.

A system according to Claim 1 wherein the divider, phase shifter, phase to power
and power to phase converters and power splitters are co-located with the array



and second signals into signals whose powers are a
function of the relative phase shift, d) first and
second power splitters for dividing the converted
signals into at |east two sets of divided signals,
the total nunber of divided signales in the sets being
at |l east equal to the nunber of,cantenna elenents in
the array, e) power to phase cdonverters for. conbining
pairs of divided signals from different power '
spl i t tefrantannarieruenie ag et antennanassathbiyi drfidcthe raseembly has a single RF
COMPONgRihowdt 1dEaHRA AREhakcRRase for supply fo -
respective pairs of antenna elenents |ocated at |ike
di stances with respect to an array centre. 2. A system
cor e
o ey SR Aol to T3 afer 1 UTOEF 2l pRRGE R e tocated
cent r apMptedf freat theppiigseoto powear atidspewer toaphasenconverters, the power
el eme : j [ [ '
hi rd serd and B SEY AR A HeE WA, e’ SHbUEd s B antenna
power a56emblyt @anddhe assembly hae duak RF iandt sewenfegisviesm a remote
splittgpsgeand arranged to divert to the central
antenna el enment a proportion of the power from the
phase to power converter. 4. A systemaccording to

@. ai mALsydan QicBorkiitg tolAsA ¥ ehé}g&ﬁﬁsémﬂ tRAMRE dhiiePBAS Phase shifter

converters are conbi nati ons of phase shifters and

quadr &&ce-lenpkid Wit igoreatale seurce fayyusedm 2t epgratondn varying angle of
A ai mdeceitar gt n t he phase to power and power to phase
converters are conbi nati ons of phase shifters and 180

degree hybrid couplers. 6. A systemaccording to Claim

B. wherebystém eacdoidirigeto, CRIMTEInSdiNG MupldXBRSR EdmlRERIgnals passing
and pgvver t 0. phase converters power splitters are

d
oo PURL gt A S RnSE bGP RO RbaraiiEs Mhichusase dae antenna

an antgstaa. assenbly and the assenbly has a single RF

i nput power feed froma renote source. 7. A system

according to Caim1 wherein the divider and phase

dRi f t ér system| aenerding te ePlinelly whemin tiee ppivas eplitterp anerarranged to

and pPRV&Ridd %r%?sﬁt%\/gféﬁﬁnmﬁ Eeec\ﬁﬁ/i%\é\ﬁfive %ﬁ:aigfe% gvgliftb fall from a

and the array of antenna ele are
as anmgtreymgentaadlyefithieantammh aray tasgwinithym kasrraluendskRF
i nput power feeds froma renbte source.

11. A system according to Claim 1 wherein one power splitter is arranged to provide
a set of voltages which rise from a minimum to a maximum associated with the
antenna array centre and its ends respectively, as appropriate to establish a
progressive phase front across the antenna array, the phase front being
substantially linear as an angle of tilt is increased in a working range of tilt, as
required for reasonable boresight gain and side lobe suppression.

12. A system according to Claim 1 wherein:

a) the variable phase shifter is a first variable phase shifter associated with
first filtering means defining a transmit path,

b) the system includes a second variable phase shifter associated with
second filtering means defining a receive path,

c) the system also includes elements operative in one direction in transmit
mode and in a reverse direction in receive mode, and



13.

14.

15.

16.

8. A systemaccording to Claim?7 characterised in that
the divider and phase shifter are co-located with the
renote source for use by an operator in varying angle
of electrical tilt. 9. A systemaccording to Claim?7

i ncl uding dupl exers to conbipe signals passing from
or divide signals passing,go different operators which
share the antenna system 10. A system according to
Caim1l wherein the power splitters are arranged to

D ovi diee systemiscangles ph&lastrisabtit in transwit einderedeive emodes are
vol ta ral

ant enpaepencity st OR) eafb! ATl bl g pigee
accor @htﬁgr&r@smcawﬂwl wherein one power splitter is
arranged to provide a set of voltages which rise from
A FEHAR SroviBingBydrigHid é&ﬁ&émﬁﬂ é"’Bqusetdhgrr f&ht@ﬂﬁ‘é‘s stem
array centre and its ends respectively, {E
ieIusinga bAn seray afﬁ@maes@em@ntph@berameamd aior dlaai ttlhﬂa method
%Wﬁe@iﬁ@é&e d be phase front being substantially

linear as an angle of tilt is increased in a working
Pange diyfding @ fadig freqyenguicersigr signalinia dicw abd sepandesignyths,

in S t C

IF) G MHGaReiy o SRR FRRSSUREe L oONRER' R PHCAd b0n
first SgRAlSabl e phase Shl fter associated with first

Ejlt eEbrﬁ\&rﬁ%ﬂﬂé rélgfively ﬂgas@ sthfﬂ%ﬁsfﬁ@tt nB%BonJ’%I?EQE into signals

system i ncl udes a second vari ab ase sh
assocVAPeRIPQWens are afyiegon pf Wérfﬁlﬁtyvmﬁmg shift i ni ng a

dEcel Visingpotver SplitteRetoSHRLE m@&&ﬂehe& Eféﬂ?l% n?ljo %s? two sets

operatlve in one direction in transmt node an
r ever 8edividpdEignals. the tetat enmbenpladvides gigoals 3 thy Sch@elng at

Syst efdast il @ﬁh@huﬁb@ﬁéfrdrﬁﬁnatéléﬁeﬁtg i} trh@Qﬁ t and

receive nodes are_  |ndependently adjustab y neans

BF 1 hemPIRg paTa o6 divisied Nanalsp diffesend p%@rﬁpléﬁss to provide

respeoéatu:elsum bad diffeRinBe dcdrhpdieatsi iithdapSropAdtk Ephase and
el ectric hased array antenna system

i ncl ud '%{hgrcfoﬁipoﬁﬁ'teté AP EESEPEIERAYS Oh APteRDa elegtants Iqcated

t hat dhikerdisthads withcespet &t #sarkdiecetreps of : a)

dividing a radio frequency carrier signal into first

and second signal s,

A method according to Claim 13 wherein the antenna array has an odd number of

antenna elements comprising a central antenna element located centrally of each
pair of like distant antenna elements.

A method according to Claim 14 wherein the phased array antenna system
includes a third power splitter connected to receive one of the signals whose
power is a function of the relative phase shift and the method includes using such

splitter to divert to the central element a proportion of the power in such signal.

A method according to Claim 13 wherein conversion of the relatively phase
shifted first and second signals and combining of pairs of divided signals are
implemented respectively using phase to power and power to phase converters
incorporating 90 or 180 degree hybrid couplers.



b) introducing a variable relative phase shift between

the first and second signals, c) converting the

relatively phase shifted first and second signals into
signals whose powers are a function of the relative

phase shift, d) using power splitbers to divide the

converted signals into at |east,-two sets of divided

signals, the total nunber of divided signals in the

sets being at |east equal to the nunber of antenna

el7emer? $n§thod pecasdinayo Glaime deriviheraiy stepsra) tofe)direiindplémented using
si gnal i ff r ' 0 id

vear or MenEn' ci PpaRy B St o SEnifBERHLCR tgrp an antenna
phase assemblywgihl ipputdranne singtepBh éius powen fesg &otni avemote source.
pairs of antenna elenents |ocated at |ike distances

W th respect to an array centre. 14. A nethod

aéeor o Agthes @eardina B Gleém didrwhearein stepsraaanar b)agye liraplemented using

odd nuhRfonBfhits l@{%{d;{ézndﬁélzg?mﬁs?rgﬂﬁrénﬂrﬁg eg%rﬁgﬁ%%% steps ¢) to e)

ant enna el ement _ ntra eac
| i ke diretigmieragntednsing aepmosents5eo-lacatethwith atbeoamiangnd forming

to O ghdhedtth ‘Qﬁeé'n?éﬁhatgé‘%g@raﬁsl%ir@r(’]@ R%ﬁh@ﬂ%m%\‘ ¥ rom a remote

includes a third power I'tter "connected t'o receive

one ofSOHKE- si gnal s whose power is a function of the

rel ati ve phase shift and the nethod includes using
litter to divert to the central elenent a

such s , , _ '
dPoport ¥ aegaedipg e (Claim 48 wheseigrider bl énclydeserandag the relative

accor ghage st € daartHBandle belBctren iRl sion of the
relatively phase shifted first and second signals and

conmbi ning of pairs of divided signals are inplenented

20spe@ method aeioig@ing e sElai® 180WEILdiAG LoRbMiRg lsfynBRAS&sing from or
converfers i ncorgor.at n@ 90 or 180 degree sfwybrl d
coupl &MUiNgsignals passing h’e Hgnterssatarsyichsharg tha ajenna system.

wherein steps a) to e) are inplenented using

6Qnpone - ' . f.antenna
Aot P case Qi (i 15 gl or BsCentepng plemens to
a si ngeceiveAdrivapyattagrswiict talidronr e maximenoestrallywf the arlténna array to
A net I%Q'ﬁinﬁ‘ﬁ&ﬂra%rrﬂgy LTl ai m 13 wherein steps a) and b)

are i nplemented using conponents |ocated renotely of
the array of antenna el enents and steps c) to e) are

bopl epenb®dd betabing WRMIBMI PwhérelPG8b 8 'n\éfuﬁﬁs érb%ioﬂ"y f%r one set of

an ormng  therewith an antenna assenbly having dua

RF i npiyldedosignals dagdse figm @ rumipue to a maximum associated with the
antenna array centre and its ends respectively, as appropriate to establish a
progressive phase front across the antenna array, the phase front being
substantially linear as an angle of tilt is increased in a working range of tilt, as

required for reasonable boresight gain and side lobe suppression.

23. A method according to Claim 13 wherein:

a) the variable phase shift is a first variable phase shift introduced in a
transmit path,

b) the method includes introducing a second variable phase shift in a receive
path,

c) the antenna system is operative in one direction in transmit mode and in a
reverse direction in receive mode, and



source. 19. A nmethod according to Claim18 wherein

step b) includes varying the relative phase shift to
vary the angle of electrical tilt. 20. A nethod
according to Caim 18 including conbining signals
passing fromor dividing signals passing to different
operators which share thezqntenna system 21. A

nmet hod according to Claim13 including providing for

the antenna el enents to receive drive voltages which

Al | the methosdeneudan adivating the antennaeyster 'sranglesraf @lectrizal tilt

a m ni - » cOr: i :

d aimlql:gllgﬂn ng?ﬁaﬁ?ggg3F°uncPﬁﬁggk%ﬁgbﬁgin£ﬂ¥@gth§4"“ and
set ofsecendyafiableqhgaalshifts sespestively.om a ninimumto a
maxi mum associ ated with the antenna array centre and
its ends respectively, as appropriate to establish a
progressi ve phase front across the antenna array, the
phase front being substantially |inear as an angl e of
tilt is increased in a working range of tilt, as

requi red for reasonabl e boresi ght gain and side | obe
suppression. 23. A nethod according to Caim13
wherein: a) the variable phase shift is a first

vari abl e phase shift introduced in a transmt path,

b) the nethod includes introducing a second vari abl e
phase shift in a receive path, c) the antenna system
is operative in one direction in transmt node and in
a reverse direction in receive node, and 0 28 d) the
nmet hod i ncl udes adjusting the antenna systeni s angl es
of electrical tilt in transmt and receive nodes

i ndependently by adjusting the first and second

vari abl e phase shifts respectively.



