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Phased Array Antenna Systemw th Vari able El ectri cal

woi2bd4/088@opresent invention relates to a phaseec®/dmyo4/001297

antenna systemw th variable electrical tilt. The
antenna systemis suitable for use in many

tel ecommuni cations systens, but finds particular
application in cellular nobile radi o networks,
commonly referred to as 5 nobile tel ephone networks.

PhadRes) Anteatd Systé twit dable ElbMliEatien. the antenna

system of the invention may be used with second
generation (2G nobile tel ephone networks such as the

%ﬁﬁﬁﬂ/exﬁmﬂ rblhtésdo@heﬁiﬁ?és%ﬂ'é? &;be?r@nrﬁo@slteﬁn LihSRIEBR electrical

L[st/\orks such as the_ Universal | e Tel ephone
@§ ReRteRmeEsYSIepds stisakie Sor ¥ea iInumany Aelaeeramemigations systems, but

ﬂir&isV\MrK@J!@eémz@éﬂd‘n RnadiaMr thile aue Rarsnat %m%{y reféired to as

of ich has at | east one antenna. In
WB@ Pﬁ] E'%Pgén% NRARNGH ﬁWOf? rEeekRadhrRs vetheubirpiatienr fhe antenna system

rﬁf&hédﬂivdﬂﬁoﬂ@ﬁaynib@(]séﬂ GAtM R38R ?éﬁéahdh mtlts)gmgbﬂe teleéphone networks

to the base sta
S8 Bobe Byl e, RS Jiamerny Ebile fdortionarmsbworks such as

e Urdieesd] pidile Telphbrio S@eﬂ (OnFepl ated with a
respective antenna and base station. Each cel |

contains a base station for radi o conmuni cation with
@pébratifrs toh @ellud inebifea thids nbﬂvorl&égbﬁ@rhliw @h‘llployaﬁéi? own base-stations,

S e AL SRRI5ED Rl UL ST o8 vt th et

aei al pnmargeﬁd:&ﬂ nStd‘eﬂmhgl rcoirdgp/ang nobhibe chbafhidication to the base
cover a nicate wt

hr ou thec e area oc
S SR ke, PG e, SRR 1S 5 Gl Apkento 'a number of
ovetrlappikg oellss bakeh ddseciatdd withed ratpbttive antshng dhathaRs Kstation.

Cel lul ar nobil e radi o networks whi ch use phased array

antennas are known: such an 20 antenna conprises an

Zaohagell(apstsdid a basdegstatiar fommdl) commhumicdliet witnbig Bhthe mobile radios in
The an enna h

t SUh, di pal es or as
FafPal Bast SR SleBler PR Sastier MeFade Smunication, usually
fmeg droblees aTdaegexemer @']iobér m&amema;tm]miuoé) allowing meobile radios throughout
n r n maxi ensi
8 Pl B et el PR G0h, et el et the pubii
tebdhme nstwbeaontside theareti s siobite rammdeetwbm{, is a well
known property of a phased array antenna that if

signal s received by 25 antenna el enents are del ayed by
Geligilalr apolvilei ratliovrativerks wiitich ebephasedastpao@nhaoaranown: such an

Eg'g%ﬁ‘u] f’éorﬁsp{?gggéé Q%Im%&gﬁl& Eghfi&t @8{@3 Bﬁw@ | %ﬂt{gﬁbé%’%ﬁ]@enm such as
diediey or Phichemdihe ddwechasairadiatioi pattepm invegrorait 4 @%ain lobe and
ST IR Ol 85 B R3S LB SRR oy sensiv
i haq:ayé(on aﬂodmara;ythﬂ direatios tofiils enaio ragsuttradiation @gam3in transmission
rﬂé'éiey IizgoaGWell known property of a 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 stesred 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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i npl emrent ed equi val ently by changi ng signal phase,
wiozogossts® expression phased array. The nmai n beamsfoos/001297

the antenna pattern can therefore be altered by

adj usting the phase relationship between signals fed

to antenna el ements. This albows the beamto be

steered to nodify the coverage area of the antenna. 5

Operators of phased array antennas in cellular nobile

Delay mamae\/wl@énmmewvaﬂ@wmw@h@mm@ gignal Rhgesy Imsice the expression

PHRLEA Nifmy, Vithel hizl bEAH! &t ir{énaﬂ@ﬁﬁaﬁrﬁ&ﬁel‘n @an tA&refore be altered by
atterns cross- section in the vertical plane. This

adkisieg ds ahgse elationship hebversy sigeals fethip anishne idlements. This allows

A b8AMA0 De SiEdrBd RAABYINAHS Soldiaydada o i érﬁer%ader to
adj ust the coverage area of the antenna. Such

adj ustment nmay be required, for exanple, to conpensate

bpurahange phﬂsé‘cﬁ'drﬁét'yaéntbﬁnékﬁtm\@&&hﬁrf Hbilé Ersio MEWGks have a
of base statjons or antenpas yst.nent of antenna

rgg,ldreénergftotquqst e IRpasoy ?Ff‘ﬁ%dj ﬁg’ﬁil%lpﬁﬁerﬁn 4e. the Paﬁems cross-

Rbast M mélvbmcalemaﬁte Thigid ln\ébéhéa |t er tha \epidal B !é%‘f'the antenna’s
Ant enna a justed nechanically

He0ibeg ™ rimwa Béﬁhﬁt“@f’dp VRS 1 A0URLIE 69 ger@ﬂsaa@?eyf Pthe antenna.

Suchl &djigirRint ﬂihytiﬂe ?éiqu#ddi Uik leﬁﬂ'nb]%e t@ﬁ@hﬁe@éate for change in celiutar
"mechani cal til escrib earlier, antenna

SRS WHORTP o RRbHLOT REPE SIS PE Srienba ANBYmBR Gl aipna angle

dFti®s RifoveEh@N nfdchBiesly Pl el dither haivRiiamesah 8fbination.
fromeach antenna array el enent (or group of

el enents) without physical novenment: this is referred
Aremsa aﬁblﬁl@f il]ﬂ@la?lb@ mk@ Béchan®lagg by httaringt édténna MB@Bnts or their.

d di t . -
iRy Badal €S et S, 48 adelio "Bar andn "PuRpchanical . As
dhsamhiéﬂe{aamér Stk ézfglé of &R Uhaiyﬁﬁerﬁcﬁjstéw e&ectri@lam,h by changing time

st et e 62 4 b TP her LEF ARB b i gloment (or group

di sslageaisp adthost piyisizal mavementt ties entreforbas s &djudting the angle of

Jirst wer side |obe level sufficiently high to allow
8gﬁ$ﬁ9ﬂ4”ahons inthe imediate vicinity of the
antenna. 25 The requirenments are nut uaIIy conflicting,

| ﬁ‘rér} §§%acgﬁ %@'1“ ggpeo gy?n Oen§W8§<r c%% ed %rrﬂ ?éwﬁn%?)g?mcal radiation
peitiden (VGIFS Has\eehumipeelofsigniicars requirehentssi ght | evel ,  of ‘

-18dB h en found to provide a convenient
nglromqﬁ%lpﬁ?]rea@gf i system performance. The effect

of adj usd flmg upperhside tabe lavedIseffiofentie tinato awdid tntbtference to mobiles
t he angl | ect.rica 30 reposition the

bor esi gh s:%a Eﬂ%ﬁstatfo&mgrﬁ H&??%VQIE‘Q/’?% in a vertical

pl arge, id ﬁmilcwta sﬁdd bbe ladeb gefficienbehigh to Rfiol arormmumtiédtions in the

pl ane, and CFrJ(ce c s the coverage area of the
immediats Yichity e 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 ilt 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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antenna. It is desirable to be able to vary both the

wegbaoese®l tilt and the electrical tilt of a welélodioo1zo7

radi.o base station's antenna: this allows nmaximum

flexibility in optimsation of cell coverage, since

these forms of tilt have diffgrent effects on antenna

ground coverage and al so on other antennas in the
ate vicinity. Al so, operationa

BHE0AA IR BTz R Sbiedoveibeih Stmecisinic! gt aniltas electical ft o
alcbﬂulmdl@eb@é@ SEhEs bRBRAS s a‘il@W} g 'ﬁU%%%anf“ / n optimisation of

a3 . \Wereas an antenna's an
¢ chOVﬁx%geb%n%}%@ &RIMsyof il ha%@ffere@heﬁﬁg:w 08 antwdoaground coverage
ambaled b ottie? apRBh8s Hf thelsBEbht ‘ﬁ%e% ¥]5lﬁ@V'Arlseos gperationat efficiency

t r cul
ad.dl t OI&agB glgé %% a{egghgle&%;:@lym Fait tasendiusted refotolsifogl éhe antenna

aswemma Wﬁer’éhgfe?ﬂaﬁ@hﬁ‘@@'hn?tenldﬁ%ch%lc&p@f ?riagf Be! ddjlisted by re-

de a different an
@?sﬁﬁﬁﬁg %e R g’\éé‘“@&% s @ﬁ@'ﬁa@f(ﬁ]ectﬂ'(?ﬁé tifgequifasr addilional electronic

¢umdltf\yl whieh irePgses @htéﬁnﬁ%&ﬂ & cém;!uléx1f:¥p ?Uhﬁerﬁ{b% eifj gsingle antenna

hitherto resulted in romse
%f‘@:aﬂ%?ﬁ@%erblﬁ nuRben of eperatorsriyés Pefasabiglio pgtamde avldlﬁerent angle of

eie@mmmfdrreagh@p@fattdron to the cosine of the angl e of
tilt due to a reduction in the effective aperture of

the antenna (this is unavoi dabl e and happens in all

Ehet peath fadesi gmﬁdua!!:lahbléeéf digctrig Ut fré’rﬂsa IsHa R &ﬁtbﬁ{l}i has hitherto

as, a, consequence of the nmethod use

rg%" g'%y?‘{ﬂ‘ggrgﬁbﬁ &8 1pr thej periortpangs ofy 3}%§6ﬁ¢nn¢\nﬁ"eﬁ heresight gain will
decpase dn ﬁi’d}ﬂaniﬂhﬁﬁ Khe &ﬁsﬁhefd‘ tﬂ@ aﬁ%few th avle tdb hlredﬁcﬁﬁhl iPthe effective

i scl oses

%FH%%"% it a”tSE'é‘T‘ (thisds u?%’ﬁl&%’l@ﬁndahﬁpegm Wgallaarﬁw@eciemgns) Further
reduclignaint lesrasigist g Ry 0ésull B EdrisBhudrdetof the mteliHo?i used to change

{adl o 20 frequency (RF) transmtter carri
t@%%‘?ﬁ? ﬁy fed to the antenna and distributed to the
antenna' s radi ati ng el enments. Each antenna el enent has

dwthit t hat
PR SRR, At Bla SR Yol fod it it o - o7 -

038883 Xt Bb ﬁmt Elgmaa an/aléMoéébeaalfﬁcﬁ@ﬂ%&h&{‘gﬂrelggélly or remotely
r

a@lu%ﬁeg[]'t gB Wa,]éed tangg heeﬂtgrlm%aer: ngtﬁo{#“ p|e|c{r@al itilg. In this rnethod a radio
fieauersyt (RF) etarsomiter ¢am@reatlgﬁames Sédieo e LARANL eAMRY d%ﬂ@uted to the
s el e i ol Al e LT
aa$¢cwaerg Wil itodo thiat Btgaai_ ghaeé céhee Hd td@@ﬁa'ﬂ%ﬁ@ibn lo® dl%@énce across
'fHGF ?ﬁﬁ% g fQi"y {he rﬁe%@e{’%ap@g?cgcplecgrﬁqﬂ élﬂyThefdletél@wpﬂle power io

ablgnna slemprds Muendhmtmmasmnbﬂtlw@ﬂb ér'ﬁSnéH@é%s s to set the side
met hod ant enna has a

IO%E IéJe? ﬁd gﬁ;?éa é%ﬁrgfa% lggm% FPYQh of the angle of titt is obtamed when the

phase front Is controfled for all angles of tilt so that the side iobe 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 applying delay devices to groups of antenna
elements instead of individual elements increaees 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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antenna is high due to the nunber of phase shifters 3 July 2006

woend/ssgtho Cost reduction by applying del ay de\ycq%Bjﬂ@mgug-,

groups of antenna elenents instead of individual

el enents increases the side |obe | evel. Mechanical

coupling of delay devices is used to adjust delays,

but it is difficult to do this correctly; 3 July 2006

WO 2004/ 088790 PCT/ GB2004/ 001297 4 noreover,

YERYTT apchianiael lipka @edracass earpetrsiuired resuitingi g & moa-optimum

disinbiaiphi Mlaﬂl Shei [PHer %R:Ieofobg%@f ?ncr&ﬁb%s%ﬁc?{ O,'?tl dftenna is tilted
obe i ncreases when the antenna I s

‘J&’Ws’d@'uﬁ [FaLsiog Gshaigntial penrenof Kierisanesctoonobiles using other base

stations f EHﬁBC@tér%émsb 'sh&@dlﬁj Egnl%!i‘&r oibegé'atcﬁ’é a{Heo{ﬁ;aera {obs have a

the antenna i s sh nber of er at

CBRERALL Bree Rhgleckical t&folﬁﬁ%ﬁd &h gqffére@t aagles+ Finally, iftthe antenna is used
m ﬁsécﬁﬁtﬁuﬁf&atﬁinfaf@%%ﬁ hateh §as id bélﬁrlnb?fi)h efllnﬁ ré?dadﬁmfh% at different

in a connuni cations system rﬁl?
fr@SHﬁQﬁ‘ﬁS []CEQPPW AMigiogoRmpiax W@T%) e aegle ectrical filf in transmit is

diifepenien gia® f ebsigguency di vi si on dupl ex system), the
angle of electrical tilt in transmt is different to

that in receive. International Patent Application Nos.

llﬂéfﬁhﬁ&%ﬂ@dt@xﬁﬂﬂ.ﬁ@i@ﬂ& ek, FRIHEBLOCHISD: 661804 %&91“/&3?%002/004930
dl oc&llgeaj& rem)tel ﬁ% usting an antenna's an
QFe qr.rfsrpowy UPHNOAN aveang's angncé e?ﬁ@’ff@ﬁbﬁiéby means of a
diffetsveenn phw fet@rbers b pagiof E?ﬁﬂ&e%ﬁé&@d tiHeMitenna.
ant enna. is an Obj ect the present invention to
hased arra ant enna

o) [ ternative f

LUK %ﬁﬁe%f?*h% HEPSRCL Ve IR PiIes: o eleibatve el bhased array
aalenay spstemnna system wi'th vari abI e electrical tilt

and including an array of antenna el enents

characterised in that it incorporates: a) a divider

The pratient [dvergnoa pravddles 4 pﬁmrmwy(dﬂﬁnnawyéﬂeﬁfb wlmﬁh Qéh%lble electrical tiit
i abl e

= Blailofdn A7 S SR e e s Praspbere it jnes@orates:

akha fivideetfor dividilde a 2@1ié Ifﬁeqhemd(mﬁcémﬂeﬁklﬁﬁ@ Mto @ist az»:md second
t];@ id O power converter for converting the relativel
h Shifted first and second signals into S|gnals

b)/vra)sm‘lqhﬁmphaiseaslﬂﬂa foungitddaningfa Vériabiee talhtviéepiitasshift between the
sl}fr& " nd second power splitters for
d|V|§H%EF?{EJ %rted signals into at .| east two sets
c)ofa ghased éal p@lr\@naioavertd’refot @ohVeringyes r@f&t:\ﬁﬂly”ﬁﬁﬁge shn‘ted first and
c%dss: A set at | east . 25 equa
B3I sl Mo 55 AeRY oOtvarecate odviciph obyhedetadyo plaase shif,

d)p ligegt eanciosecend qosret aplitdsiorndiviging ahé Tofferidvéigeds énto at least two |
pr ovi

SO UUHREHGn e et BUBker,BriviteT RewS Abiropts belog at least
plegsal tbdite 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 1o respective pairs of antenna elements located at like distances with respect

o 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 filt; .
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at like distances with respect to an array centre.

wionobd/essvay | ous enbodi ments the invention can QRT/GB2004/001297

configured to provide a variety of advantages, that
is to say it: a) requires only one phase shifter or
tinme delay device per operatgy to set the angle of
electrical tilt; 3 July 2006 WO 2004/088790
ECT/ GBZOO 001297 5&2 a} rovi de,a good | evel of
@"I%‘B‘é SYo1:5)% l§’¥f"' Sice)lobREUPRIeSSIN of | ed upper si de
to bmslaewhromeurp ke torauMahaA 1ilted d6RRwatgyi de
fferent, an %ﬂ‘gallt for different oPerators when
&gnRIoYdg E‘é%”f enpklilt foreyiffergnt gperaiqie véienhesed as a shared
Iocmﬁenn@[ rermte control of the angle of electrical
tdlt: % i npl emented with | ower cost than
CorfPR AT ?/i@ﬁ 28RN JETERAIPFGMHOLST e @itole plglegtriel tit;

fperchnrhmmqﬂemaﬂdd QithClaReNay$ thdh @Bﬁbﬁpefarﬁaﬁfénhbg ‘ﬂavmg a similar
t trn%nsmt frgquenm es that is either the sane

as levg Ol HYOUPENEe 289t he angle of electrical tilt at

grecan\havé hemgRcoesectidal tilh et Q@ﬁérﬁiﬁ ﬁéq@enc& AR s c%'I‘thezr-r 2 same as

syst em of t e i nventi n ave an odd nunber
anCEHETEte W?sa’t%ﬁrﬁ Cﬁ%abﬁ't@érfﬁe%we 5@9@%9%Iﬁnfbﬁtoperator‘s

| ooptieéel centrally of each |ike distant pair of antenna
elenments. It nmay include a third power splitter
Tensatdre df hetinephon Ay @ﬁ@é en lodd PRWRer Spé}’tfr@rﬁﬂaeéleﬁ‘%ﬂts comprising a

el o Boe Eraralut Paf IBPeIRAE b of srtonna clement,

mpap pmltldlecsmhaﬂ potver poiter céﬁr@ﬁieﬁh:fét@é@ﬁ@:etﬁaﬁg\l‘@bower converter and

SRR E Bl o et R Grodorrepaag o uatk 4 Besomid clement a

sﬁGDMIodSth@gweefrm it Shew@Ud bewsr colerél vi der, phase
shifter, phase to power and power to phase converters

and power splitters may be co-located with the array
dfe pbaseettnpowdreanch bewars toaphadit edmertasseab|ns c@:ﬂﬁmhﬁ@ns of phase

!
T e
amgypater do phasevednvehers| apgigietbr rsphifsre ey e Hﬁ)—ldb@té@i"@ﬁi@ the array of

Rh h
e e L R Sl g PP A o P StsERHE i B9yeah single AP

it powat fedd donamreamite so@rcassenbl y, and t he asserrbl y

may have dual RF input power feeds froma renote

source. They may be co-located with the

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
Qlements 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 diiferent operators which share the antenna system. The power splitters may

be arranged fo provide for the antenna elements to receive drive \)oitages 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 voitages which rise from a
minimum to a maximum associated with the antenna array centre and its ends
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angle of electrical tilt. The system may incl ude

wdLpbeagsrey t o conbi ne signal s passing from or dicdi§82004/001297

signals passing to different operators which share
the antenna system’ The power splitters may be
arranged to provide for t he tenna el enents to
receive drive voltages which fall from a nmaxi mum

' centralltfl of the antenna array to a mninmumat array

 Ghaees

R EPPERERteS) gstakiish r@a@/roa@sawe ahgee fropt gﬁ@es dke antenna

@rHLtthelpheah tiase beiMgi ﬁfhsfdnﬁ&[yf B &is G Ungl™Hf Qi ds s Inpreased in a
nBx| mim associ at ed W he antenna array-centre

‘{"‘P”é“r@nd@“%e R i, 2@@@69@‘%6@# Gsm@bbctp@mmg@mam side lobe

duppesemti i vel y, as appropriate to establish a
progressi ve phase front across the antenna array, the
hase front being substantially |inear as an angl e of

41 aftenplye aspest the, Presenidhkemignriayeeson methed oigroviding variable
éle@tﬂcal&ﬁt ihQf pﬁ@@@ bl 2tdAR YL@ indRidthgtad aﬁhﬁ'%f Iaﬁféﬁna elements

u re33| Qn In an alternative aspect, the prese
qﬁ}?\%ﬂ ’%FWF@G’?‘?@OWHW@FS HiesUerA ofg vari abl e
&) ebidi mg:alra&uo krbquighc@ Rhﬁﬁl%r%dr@}’ inBiSNAR So6oh8Wgnals,
i.ncl ud ray of antenna el enents char acterl sed

n
o eHeEloHn 8 \RRe delptisonsss ahibePteer e féstond sapond signats
d)i coratn dgatﬁeaﬁbla‘![vélymgél%M[ﬁ(%@’:f)rstcﬂ{d k8tordl §153Is | tr%o.élgnals whose

first and second si i ntroduci ng a Vvari ab

r e PRYP(RATB L RCUOR; of etf@ia\!ﬂ)é%?% haseeshiff.r st and second
Bi gsiagpowke sﬁl)tte@@fb\/@{nﬂé Mg bbRrertal %?%n&%' MtoPRAELst b fs%%dof divided

first an nto signa 0S€  pOowers
ar 8958 % ﬂ'@t Og"ﬁ ryfnﬁ:\eg@?,dy;cjgp, W@‘%%Hb@%?ﬁtﬁtbe'ﬂﬂ) alleapigequal to the

ponambépbﬂdrﬁ@irﬁz dléméhity irfipe tthay. Converted signals into
St twQ sets. of divjded ghal s, the total

RBEPING RfAS; o6 HyideH gieinpls Trom FWQT%PQWB@H%G@NOI%@&G vector sum
eq Elad:l differdrize compthérts fth @Bﬁ:‘éﬁﬂ@ta@ihﬁ@@ Bhé éL@pWﬁé} iR e8¥ponents to

f ded s
ai FBPERE bt Silenta Slemants foalatodl hesdltensemiiniespect to an

di &fray es@ge.conponents Wi th appropriate phase and
supplyi ng the conponents to respective pairs of
antenna el enments | ocated at -li ke distances with

Thes patdnrizoanty nady Arve &M 68d nlRSbaNSEARRNAR'
have an odd nlllmbeli of antenna el ements ([rz%é %é S (58 to E7L)

COBMRiSIRg fycanigal Antanna elesnent @E(Bd@ﬂate@iaca)ntraib'amfeaach pair of like

B Slowl S8R 42 bl A R e o = v

pdwerobplquemons@dztedtte recsivg enkast the sﬂ?@.ﬁs wmdﬁ@ﬁp@\ﬁiei Rea function
a function he rel ative

|
ojﬁ@é‘ 29 Y?P éﬁg%ﬁmaﬁi%mth inpludessusiggaueh splitter to divert to
th®cbhtral attenfla Widrhehta 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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in such signal. 25 Conversion of the relatively phase

waliobi/est7dd rst and second signals and combi ni NGpcPEB2004/001297

pairs of divided signals may be inpl enented
respectively using phase to power and power to phase
converters incorporating 90 of 180 degree hybrid
couplers. Steps a) to e) of the nethod may i npl enent ed

Pl WG $i5bs, irfoas) Beipa IlemenyiduLeing spTponeDia ac-located
ﬁﬁh %hé‘%r%ﬁ&nd '?(EI'{[']EIHQQH?FSVJI@IG%SI fah?éﬂr?abﬁg%ﬁ éﬁ@%\ﬂé@ dual RF input

Al ternati vel Y,
RRWeK) feedm dfaenta revoie edurancdiepy bpfma dn@lud@yv the relative

2006 004/ 790 PCT/ GB2004/ 0
@%ﬁ%ﬂ@ﬁﬁgw e endgo @’f ? hei ng i npl enent ed
usi ng components co-| ocat ed with the array and
mbly h dual
f’ﬁ%[ﬂ*e&wc@ﬁae%éﬁgg ) r%%@%gngfégg%@aé@%&?@m @ wsgimg SIgna!s
paxsing €0 \hfdicng o?@?attbﬁ %'l%heﬁ ﬁﬁ%‘i’l‘téﬁné gxé’t%h’é it 8ay include

angl e of electri
RIonisiing for $19matenneaskinments riormeceivé difde W@Itage@abtsich fall from a

dlff rent operators whi ch share the antenna
@?@%ﬂﬁ GPIAY oF HE4 RGNR Bty THFYTR Gt AW AT
el enents to receive drive voltages which fall froma

xi m.centr of he antenna array to a m ni num at
$TBP. 5 ThaE hefis” BieviigS 1Rt crteo Se o BB signalss taetse from &

mfnn@hum ted meﬁtﬂﬁhﬁn hosddiftd fWitMife ahferdRd) '&lﬁléméé?ﬁl% gnd its ends

maxi num associ ated with the antenna ar ray ce
[eERe@iUply.r 38 ARpTORs, thestaphsh);a pmgfesmvesphztﬂe Q’ona across the

HeGhEHAE BB, Bebu R8I RybrBaudlly 5885r Sangh angl of i is

mt:ﬂehse& in laNQOLATEERrige & O h%'r@@uﬁ@d‘&?r r‘éfasbhhl%leéﬂffeséiggt gain and

ired for reasonabl e boresight gain and
- sidp

S§RRTSS3I9NY n order that the invention mght be
nore fully understood, enbodinents thereof will now

be described, b of exan;pl e only, with reference
Ip §rdan dhai dhe iya ‘b{ﬂfh@lgb’t bevmegss fully pndevisiosh; emRbgdiments thereof will now

biahﬂ%‘én@e&\'t/ﬁ% & é)éﬁtp?é‘&ﬁt r\ﬁttﬁre\‘@r%ﬁéepﬁt thEaa‘?:'ceﬁtpgﬂnng drawings, in

pattern (VRP) Wi th zéro non-zer o angl
trical t||t 20 Flgure2|llustratesapr|or art

phased array ant enna havi ng an adj ustabl e angl e of

l:electrl al tilt; Figure is a block diagramof a

iR d g shrws Rhased ﬁé[%?@fte@ﬁ@ dietipal redialion pattern (VBP) with zero and

non-zero angles of electrical tilt;

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

Figure 3 is a block diagram of a phased arrdy 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 5 is equivalent to Figure 4 with power is substituted tor voltage;
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singl e feeder application; Figure 4 shows
rel ationshi ps between vol tage outputs and i nput phase3 July 2006

W@Ijjof,mggme in a 25 phase to power converter gia{rbg‘lmou”

the Figure 3 system Figure 5 is equivalent to

4 with power is substituted for voltage; 3 July 2006

WD 2004/ 088790 PCT/ GB2004/ OO]8 97 8 Figure 6 gives

exanpl es of possible voltage™istributions at outputs

of a voltage splitter wused in the Figure 3 system

Fgyerce ngeSsemnmle;a:kf phisaieavoliage alisiutiond apodtpitel voltage splitter

phased Lf'?s[eﬂzﬂ'}’t @g m of the invention, and
p Shl ?1?1

illustrates phase to power conversion
and power 5 di VI sion; Figure 8 is a block diagram of
Rigigre7e i pridesk dingrsive obamddafaar myeapmﬁmnmmysa:ﬂamﬁ system of the

it e RO RO BAHEL Bl 6 i coPUFan and pover

| ocat i ¢hvisiepaci ng and drive signal phase of antenna
elements in the 10 Figure 7 system Figure 10 is a

A Rels 44 agnaem Qfagpcfﬁ bof %engeéﬁélnéiér Jf%é I?)?t F%&;%frg)? 5121 eg%g system of

ant enna_system o i on
dual f dugise 7, pH eahews aroven 1QJQhalfgs q:ﬂmrsrsmhlmasmghiﬁmg and antenna
phase tpRaWer conversion and power division with

generation of an additional signal for a central

ant enna el enment; 15 Figure 11 illustrates the

R@HaOn dié\sfr@ﬁestf%tlsnawmsrar@ydryﬁtmpbg@t efrandénriai gements in the
10, angriggb9wgsim:antenna array with a single central

ant enna eI ement (€lenment spacing is not to scale);

'Jézﬁ ure 12 illustrates use of the invention with a

8118 i 8 blpsk - diggramra peg of wosill furthes eheseshatranantennzheystem of thé
I nvent iirnfdr, %d“ﬁluﬁ%b@ a0y 'fé‘écfe‘r'uﬁﬁl’enf%n&%ﬂr?h ﬂ]escl:neq phase shifting,

transmit 20 node to be different t _
node; RABSEIQRRvEET BONYeysign ging RwWer dliyisiom with aensrégian of an additional

phased spaPir aRkAMARNENRRBRINt! e | nventi on
il ustratl ng antenna sharing by’ multiple users with.

eds and %o int transmt/receive capability.

Fd#?é‘l* i qh‘a‘f%fss ey irraainder of thehgsed aRaynanipaRa Bysiem of Figure 10, and

radi at ishowpaint entmink Varly mﬁ Qnsﬁl ddlé’h: Eral anteAfa 3GLHBAR (slement
12 which is argjﬁhased array of I vi dual antenna

el enmenfRaqinRis alelirne antenna 12 is planar, has a
centre 14 and extends per pendi cul ar to the plane of

Fiduee 12 iflustrates use of the invention with a single feeder:

1

Figure 13 shows a modification to the invention allowing angle of electrical tilt in transmit
mode 1o be different to that in receive mode; and '

Figure 14 is a block diagram of another phased array antenna system of the invention
ilustrating 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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drawing. The VRPs 1 Ga and 1 Qb correspond 3 July 2006
respectively to zero and non-zero variation in delay

worzops®oof antenna el enent signals w th arrapcgh@smitooize7

di stance across the antenna 12 froman array edge.

They have respective main | obes 16a, 16b with centre 3

July 2006 WD 2004/ 088790 PCB/GBZOO4/001297 9 lines or
"bor esi ghts" 18a, 18b, first upper: sidel obes 20a, 20b

and first |ower sidelobes 22a,  22b; 18c indicates the

5P < "Beresighiee d Bro e, dirstzunpsr vigelobes GRai AOki@ndyfirstdewer sidelobes
BRITR3k Wnd%étb@ tﬂehl?orBQBh’tZt?Fe%u&ngr‘é@Lc?\rﬂatriaﬁgﬁ1n g\gﬁ for comparison

referred to wt
with thej ﬂoﬁe'ﬁer%ﬁqlil‘f?éefrtéﬁbv\é’rﬁiﬁn peieredio withave ﬁh%suf&x aeol hge g. sidelobe

écﬁfe%éneéf e r!‘é!e‘ir&ﬁLBandéfs lér‘ﬁ@ﬁi‘s%‘ ge-ﬁrejereféréé@%o]@ﬂw% disgnct:on The

i lted (downwards ‘as Il]ustrate tiveto
YH% 10pHe filled Wownwards as llustistediglpiiverto YRPt10a, hetthexsnis an angle -

tﬂB'dﬁgféeéf'ﬂitQ%\&geﬂ hﬁﬁﬁbéarﬁ*&eﬁl?é’ IIH&DT% J}q g@%}ﬁ’ch has g magnitude
magni t ude dependent on the rat elay va

darendentandhe éﬂ’f%éP whish drlay yatiemwih distante ecwma@ntema 2

satisfy a nunber of criteria: a) high boresight gain;

lgﬁ,\)/he first upper side |obe 20 should be at a [ evel

TV BR&gg e e3is %PHmEaru%fu%l@“—rianﬁbfﬁlﬂiébe%@ht gaiArphk the dirst upper side

I§§é EG s%@ufﬁrﬂét 4l lebé‘ISISWSér@UQI"?% afhd cﬁ%stﬁ@ %téﬁér?ﬁcé ¥elobiles using

| obe 22 shoul be at a | evel ficCient

%ftﬂ‘?i‘ﬁjrhaéﬁﬂ%ﬂ% g %@%B@E lowtee sidg |@h?e2%ﬁ'?%#ﬁh e mpadevel sufficient for

domrRGhidtRNY w @en'pbé’sm[ghﬁﬁ@he F SASAHL TR IRl Uakihdy. These
conflictin maxi m si ng bore&% gai n

"PRLIFIBYEY ages el s%rgfp ieing. oy expmpley MAKintiging DeEIREHTE ghin increases

digy Rbet langs h pefatif8itd aRRAS3IJH ) eveh (BhGH lof WRAS |
I be Ieeve of -1&“ dB hgs beé%rﬁf%vumgl é p?r ovi dbegﬁﬂﬂ a first upper

enileval of oWHBJ?ﬁSs@QMOB%FCaP'IO\"ﬁﬁ %9@1V@ﬁient compromise in overall

@@fén@b&%iﬁﬁnc@go@éé@h a%&réb%% ﬁﬁér%ﬁoﬁhen @6 RSl angle of
tt”h@cosmeo eangle of tilt due to reduction in

St EHetiop *Effh%@n G\P@aéﬁﬁeph‘feeaPW‘? higtirthes dadudtighs in boresight

delin RAY eSMHepelBing o MY RS Bhile SEMERGhARQN how the
angle of tilt is changed. The effect of adjusting

either the angle of nechanical tilt or the angle of

'Hieeéﬁerct ckddjistihg eftSertthe athBQﬁ rrtécﬁﬂméé] qilt P HRShEhé oﬁélectncal tilt is to
ow t he hori zont al

t hat, i ther .abqve 0

rEPaRIien R PoRSGE 0 Al TS e Ve % dBloky s GzpRa! plane, and
iﬁmbermﬁustﬁﬂﬁe ﬁtav@ragéﬂaf‘éae& lafhd lahiénﬂfa %Fn&ﬁumﬁﬁi' ety of use, a

on pre avaj | abl e

GelitRS s Pase Sl efetaraly PRE Svalpla Dot reskepia i ad glectioal tt
siidef ﬁoﬂﬁtasesf ﬁlﬁélfent)éff@ﬁ @Wyiow&fv@%eﬂéf@ @b@ en Qﬁhé?td?ﬁénnas in the
.ant enna tqg [gmemt gmt al s

RERRFER SiTyy 5ip BP GRAISReR) Gt ANl fiRotiss eoan be adjusted

réﬂliotéht fom theamtbaha, FukBemidie, :ﬁﬂ%@i@l&aantéﬂﬂat i8 @h%ﬂ%etWéerﬁa number
shared b et a nu

FoBirterpat RHtetabls Biods & A o SPBls Slestieuficfor sach operator,

amngb@h s @Ingsibinisealantenhh pbAsmeaeb PR HbPEL. - al t hough
this conprom ses antenna performance in the prior art.

Referring now to Figure 2, a prior art phased array
R¢TeRNY RotMB RIS, 4 prish@VPhdsedwiiagantenna 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 connecled via phase shifters Phi.E0, Phi.E1L
to Phi.E[n]L and Phi.E1U to Phi.E[n}U to respective radiating antenna elements E0, E1L
to Efn]l. and E1U to E[n]U respectively of the phased array antenna system 30: here
suffixes U and L indicate upper and lowsr respectively, n is an arbitrary positive integer
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the angle of electrical tilt is adjustable. The syste
30 incorporates an input 32 for a radio frequency @Ju[yzooﬁ

wRlob4/bgsassi tter carrier signal, the input beigg/gB004/001297
connected to a power 30 distri but| on network 34. The

network 34 is connected via phase shifters Phi.EQ
Phi.E1 L to Phi.E[n]L and P% El Uto Phi.E[n]U to
respective radi ati ng antenna elenments EO, El L to
QJP L and El. Uto E[n]U respectively of the phased
gy than iy weh «iefines phesed asiayf $izasanl afvdtet lines such as 36

hé)
T R DIt B oMl SRRl ot s o gy cesired
P 452004/ 001297 10 greater than uni ty whi.ch defines

phased array size, and dotted |ines such as 36

_tndl catl ng the rel evant el enent nay be replicated or :
Yo BiEPRR SYSEMaRy operieseas Tollavey Al BE trammmitter carrier

sﬁ’é‘rﬁﬁ%@e@&d 6 R BIRARSH ﬁﬂi\:\%@k 9@ I%fa%@ ?pﬁ‘ﬁ SEDﬂhle%orﬁ%tl divides

F transmtter carrier 5 signa
tHiSs $I9RE LPb REFRISAREY ke lly) aemnﬁ@mhhmh@z Shlﬁ@SthlvEﬂ KPhLE1L to

Rt FIH Y | HheSPHilE 1S & Bﬁraé[nﬁﬁ%h;éi?ﬁﬁ&s%aéﬁlft%&ﬁ?@égeﬁve divided signals

bet ween t he phase shi fters Phi.EQ,
g); Pass T%mwlﬁh phese ety ipassoeatad Entpna Rleprenie EShETL to E[n]L,

Ehetd E[Elﬁﬁ %ﬁédztﬁr@lyd*mé Qﬁéjsesétﬁ‘ﬂsaédé gﬁ?g%nﬁa%?e& bR 'Bgﬂ%@nate angle of

ftS to associate a el enent

%ﬂﬂqaﬁ;ﬂft[ 'Ml% dlstrﬁlut!@l pbPayerhstweaspibietanieing, elmnenqsr@setc when the
aﬂglé‘ &iSilaE Qe $ABsdrPtoSR) 85 sigd |GHRAE ra'natb%rﬁég{ ?#Qopnately

l'ectrical tilt. The dlstr|but|ono ower

sorel ghtheangle efralectiigebiit isrbtainedwhenthe mhaseufrpnt across the
A QF b%n’@ﬁﬁﬁ]@@ elcOisTRhtrbiRe fél‘ éﬂﬁaﬂ fliR S ’th&t”tﬂF s:d}g iolhe level is not

bor esi ght gai n appropri atel timum contro

nggReedopioriicaatly jvar the fik f@@%ﬂih@u wete Wh elpattiegl ihzsee be adjusted
rémotdly, c’xf% ﬁad B? usﬁ\f réﬂ%er% n%c@n&ﬁ@hstol-:fgrﬁrwtq?' p°has shifters Phi.ED,
i[?é r angles of tilt so that t 8

Fibhel i @rEth w@fhnﬁﬂ%ﬂeg@éa Inii.gHieh e beyneshenicalieactuated.
tilt range The angl e of electrical tilt can be
@8]% ‘?Fngrm)tel F‘ qui r ed, b usi ng

RS TR A EYE kR P% a$ REURIPELE & dispavaniogeprs fatiows:
Phl aﬁk phate shifter ] lehLir@br RREh EﬂateHné @idthént Ebinfidds é!ﬁ?/hﬁ{égeously)

mechgn}l cal | y actuated. The phased array anten
systpghg@ﬁpﬁ geeAPber of di sadvant ages as fol | ows:

a pmm o8t fities ahBnh& mmgreaué ©'th€ athbanéiiHagde %hiﬁ%ﬂ ired;
ess, advant ageous % gurp of elenents
the GE8! SOUEpR By abRiviig B hifjgre iooquﬁéctW@nﬁ'@nUP%fOf elements

phamt@hudﬂrmr\sdwamehﬁéi eteﬁ)enfsqﬁéreé@éwtﬁb '3% 18 RRE! Vi ng

phas fters to res tive S el ement s

P B e PG T SRt SETEIe b AELAFIALS Sagealyt Redifioult and
Si dendchéicd! @imied andjg?eﬁﬁféﬂi‘ele@&lrhnﬁﬂé@hlt [*% Bbn- Qﬁlﬁﬁ@rg delay scheme;

ays caorrectly is difficul

shi f s to set q
TecRAANS 4PPR e 9k "@‘@ér‘%ﬁa@s@%%@“ WP @ntereguist tited downwards
noncaing ! phidalia vo&eB & Mierference to mobiles using other base stations;
f) if an antenna is shared by different operators, all must use the same angle of
eleciricaldilt; and
g) in a system with up-link and down-link at different frequencies (frequency
division duplex system), the angle of electrical 1ilt 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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25 e) the upper side |obe |evel increases when the
antenna is tilted downwards causing a potenti al sourcg"’uly“2006
W@ggbms%ﬁgfoerence to nobiles using other base stgii@Bfnine1207
if an antenna is shared by different operators, T
rrust use the same angle of electrical tilt; and g) in
a systemw th up-link and doyw-I|ink at different
frequenci es (frequency 30 division duplex system,
the angle of electrical tilt in transm ssion node is
far ap &Fq irensiiies parriedsignal: theiapul %lsmeeﬂﬂ@ﬁé ARAUR o APawer splitter
r-a
deg;hwgﬁ 2} gtﬁehaaﬁﬁﬁ%ﬁ, X/1BMWIRER By rﬁi’ug'%léﬁgi 4 Rénable phase

|nventJ has an a

Hifeart49 and afixed phasreshifier 480 &ﬁ@eﬁﬁ’\f@b’r EB?&I“@ge éh%efﬁpﬂﬁ and 48 may
&ﬁji\?&ldﬂl&%&%@ld@@d@ﬁﬁlg%ﬁ% %&ﬁﬁ%@&é&@é&%& JulpdiYignals Voa

ansmtter carrier Ssi

Fsh¥idletoeaipiaaseitn pawet @Dryeﬁex/\iq véih ip e PWqu%ﬁ‘ P gignals V3a and
VAR 1P e?'sgnﬁéi@ S?S(Janﬁ 54\4‘e§pt¥\ﬁl'v§ip ?ﬁ@?héﬁéutto vt @bRverter 50 will

to a vari abl e phase hifter I xed ase
kehdesaibed & merpdelai {?&ryThqn@wshaﬁ@emz g §4 4gve AcPuliglts such as
ngi
%ﬁraa\é \a}.?@%ﬂ?.‘efgérge??\%é{vye kl%llﬁi Qluf§ églﬁbﬁﬁl\(eaﬁtézdéfméqgﬁlg% % or-ﬂ?@r}é and dotted
m@mw@ rar@bﬁélérm@eatsdhemt@ﬂ inneaqir pagsr mﬁydb% repilcated as
o two power splitters 52

ii)54 reg%g%s?rley? %%é@pﬁg%e to power converter 50
vv| II be described in nore detail later. The povver

itters 52 and 54 have n' outputs such as
E'E)%P?‘%%r pREHPRRYRHS Rdtheas, 528 agd Eﬁ% PEQUre ?%P@g%@“%“qﬁé? to Va[n]-and

Vet % Vb[n!TFHsﬁectﬂ'@F} wiasH 8s gr@ﬁﬁéﬂ“n%ﬂi@ﬂsﬁ/\/é?ﬁ =2 Hlbne signal from
i ndi cate the out in each case ag{ype repli cat ed as

5T SET BISA PhlFyeBFAOR SiBRs JAVPLjp Snsecteh@ot shown) to a

:@@?@é tive Howet @ pRakePsBnyeBHICHS 25 findPodd t@ﬂaﬁaﬁ 8drhv@Rer 56, receives
ut signals VaI to Va[n] .and Vbl to Vb|

PRYBMAT/ V! ShRicUes Ceve PEBEA S FPparie Righbpse shifers 58U1 and

581.1“90 a %ﬁ‘pﬁt Qﬂ’@iusé‘pﬁ@éﬁ pﬁé’éélal &I@y‘ Arkéina dlePasia 60@11fand 60L1 which
each pair ghals_ Val Nbi |s conne%qthﬁ%‘?n not shown

g e "’r@é’ﬁ%@teﬁ%elﬁﬁ\% BN @Fay08s Bakd Al sgtenng GFQFF%*FS such as

GO antl GORHAHE spAAMEBpSHE b'§6a cbRES s Rsing B2l ?pﬁogny%b%@r to phase
ve fixe

and provides drive Ssi via respect
%‘I‘HVPE%'?@ESSCEWG&HEPW Q% lst\Zazaaﬁq Veg: ipypyidgs d B\éﬁﬁ'gg%l% ¥ig respective

Wsé%ﬁ%r&%ﬂlﬂ‘ﬁ@d S8R SodNd painst Hakdd \afmy linte@h& elements
é@? ernmost el enents of an array, 60. Pairs of

%@é’ t Sy SHIED BleREr: © §%ﬁ§’ﬁ°f§‘§? inggUAC RieweNts 6 and 60L1.

BiRawied, apafi p&b/er&ogﬂﬁ b &opPéredr BB, chel%éssiﬁﬁ% ﬁ}ﬂ%c}n} @ provides
hase converter recei ves.input signal.s

- SigRals, vig peRestive fixgd Rhaga Shidte(s SBYnnand é@lrr!/@ %nh Radgef phased
&Wﬁnﬁeﬂhé tefdrfiorn @Onadifl BOLY. THis S %9 W?hv@%éntr@& 64 distant (n - 1)

&ased array antenna e| enents 60U2 and. 60L2,

whi ch
RraRPRCings b2 dopkrasPodive iprarmest © lamenis R0 1671916l Here as before
R¥-dn arbitrary positive integer equal to or greater than 2 but equal to the value of n for

the power s_,plitters 52 and 54, and phased array size is 2n antenna elements. The power
fo phase converter 56, and outermost antenna elements 60Un and 80Ln 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 transmitier carrier
signal is fed (single feeder) via the input 42 to the power splitter 44 where it is divided
into signals Via and Vib of equal powsr. 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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Li kew se, an nth power to phase converter 56, receive
inputs Va[n]Nb[n]: it provides drive signals via §July 2006
woeapgskise fixed phase shifters 58Un and 58Ln ﬂ(ﬁ/@‘zoommzm
nth pair of phased array antenna el enments 60n
60Ln. This nth pair have centres 64 distant (n - 1) 25
centre spacings 62 fromrespgctive innernost el enents
60Ul and 60L1. Here as before n is an arbitrary
positive integer equal to or_greater than 2 but e
apgligshan PRPIFTGIIGS Ph%%?es%g’élt’m?pfﬁ‘?'%@tng the dgf %5@ Phase shift

a@ﬁ@e@ﬁéﬁ@%n&bfs&ﬁe shgle d %le%ﬂzcaﬂﬁlﬁme%hﬁmhﬁa Ehﬁn“tenna elements
%ower hase converter 56" and quternost antenna

bd r%?rt-g‘ Rhgae slifter 48 eprline Ariixed phaershit whikh fepeenvenience is
aﬁ‘l‘&ﬁgeﬁrﬁi’ bd alt SR mﬁﬁﬁﬁ% Tﬁﬁasrees%ﬂ g& Qpﬁl%b@rﬁﬁr H8S/aFigsle ghase shifter

array size. phase ray ant'enna syst
MOTbﬁa!@wesV‘@tofhﬂ mw@.le iArptREe tin resrange edw'2 do HipaR relative to Vb,

a% gthgée jsién%[? %ﬂé?‘ hﬁlégs eeshfifF B?r.eor e g/bg.aggglébn:? uﬁasA'geénoféiE iter output
power spFitter 44 wiere 1t 1s divided into srgnals
friormatharphave ishifieretfiand $Hwer . The signals Via and Vib
are fed to the variable and fixed phase shifters 46

and 48 respectively. The variabl e phase shifter 46 3
Thel phage Os powe Lo IF SN HETYGEYI0pYY VERoY24 and Vghiasd generates
I
ﬁ%ﬂ)eﬁ'%ﬁ‘i ﬁ{écgf)% &t ﬁgse Y a%ﬂ@%bﬁﬁ n§ gvréé'é ém;% t?ycne%iher which
dengneé oaf’th% Ir@@'tl\fa phgsetdiffarenge bewem s dnpuis. rTéya psfwer splitters 52 and
n f
ESREE Ve e Vo0 S0 oGS R JARNE AN AR VAR to v
resneghvRiv wbei@e’fhﬁawwetrm eAgRi signa! ih soeh siet Maisate or Vbt etc is not
i
n@@ éa‘ﬁﬁ}\%@aﬁ)% I@E%\c/)g:?féa qg«%ﬂﬂégﬁggéﬁllrﬁ k€ e@SéﬁtarEﬁ :§715 ‘amplitude
i‘@Rﬁf-SQMGZ ¢asttrglling antesna/elepient ﬁﬁ‘@elﬁi‘éisféphﬁﬁ?rgﬁﬂallsﬁt Hit spiitter’ controlling
yRhase shift becone V2a and V2b as has been said after
output fromthe phase shifters 46 and 48. The phase
to power converter 50 conbines its input signals V2a
THa%vafdRcANY £@r§h¢rp%§r\%$s ablo8iNthd @B PR QHE RHH %9'&&4 5 different for

VV3a and V3b having powers relative to one anot

diiferem numlRss Sh@isANE eemestaBOVE e&m\s@ecnrwtﬁ%@@é 'examples will be

o‘%@éﬁ%@ﬂaﬂe?ﬁ:r'a’?@%‘/é&leEH%IZBQWer splitters 52 and 54
divide signals Via and V3b into n output signals Val

to Va[n] and Vbl to Vb[n] respectively, where the
m\@\mpmfsmamﬁv gnako VanEasdveeto Vi @ttecgr@upe\mﬂ pBIr§ frofn different

sefttpraiht v | résreeb%“%irsw? {25 160 PRES YA bt VERORb2 eto. The pais

VAP &b 1Sétt) ér‘éel’éd 16 @dtpebiivel oveitb §HaBe RoRVERHs Bew@fc G\Wﬂch convert -
epﬁ}éltter 54 is a'tilt srﬁlltter controllin

RAIT B, 0 BRUoENy lhO e aEnBEwith Jeiadveyphas diference
baftberithefl Eath dhd §|%‘|eﬂ Phsdeivia Q'ré§p@bﬁi&fp@ﬁfﬁﬁﬁéé sHifter 58U1 ete. to

antenna el enents 60 etc in th earra

SREPRANE affnnaislemeB SO ek Tihgdpd PBRS ashr%% b1 ratg dmpose fired
phkéé Bhifts which between different antenna elements 80U1 efc. vary linearly according

fo element geometrical position across the array 60: this is to set a zero reference
direction (18a or 18b in Figure 1) for the array 80 boresight when the phase difference
between the signals Via and V1b imposed by the variable phase shifter 46 is zero. The
fixed phase shifters 58U1 etfc. are not essential, but they are preferred because they can
be used fo a} proportion correcily the phase shift introduced by the iilt process, b)
optimise suppression of the side ohes over the iilt range, and c) introduce an optional
fixed angle of elecirical tilt.
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The output signals Val/ Vbl to Va[n] and Vbl to Vb| n]3JuIy2006
are grouped in pairs fromdifferent 20 splitters but

W doby/dgshked- nunbered suffixes, i.e. pairs Val/ ngﬁﬁb‘{mnw

Vb2 etc. The pairs Val/ Vbi etc. are fed to respective
power to phase converters 561 etc., which convert

each pair into two antenna elgnent drive signals with
a rel ative phase difference etween them Each drive

gnal passes via a respecti.ve fixed phase shifter
”58@1 bet growno(asdessbret tatar thad the aagls! @‘n@lﬁctrleﬂuﬂt ot the array 60 Is

VEHQbIE'QFrﬂSI n@B %Wﬁfléﬂlé%ﬂéﬁ@éﬁﬁeﬂ W%&néﬂlé(g:ﬂagés shifter 46. This

phase shjfts whi et ween ferent "ant enna enent’'s

conpares with U@V'quﬂﬁ@&ﬂuiye%’&é@ bevgymultipleevasiablie phase shifters, one for
@@@'@ﬁt@hﬁ@'elé?@éﬂtt V%nalﬁé : sé t&ﬁfe?ér% !nﬁ'gguﬁy l§¥] ﬂ?_e t\fgrla.ble phase

set’ a_zero reference ction
stijftey 65 i Resitiye e aptermartiisimene direationhendiase that phase diﬁerence is

BGR1L t a and V1b inposed by
rﬁﬁéﬁ‘\%ﬁ S&eé*ﬁghgg?@rﬁr&ﬂ’ﬁ'% ?técmzero The fixed

phase shifters 58Ul etc. Are not essential, but they
Iﬁﬂh@r@é:@@hﬂ@aﬂebw daeﬁﬁsgﬂﬂaﬁﬂa@@ aqéﬁﬂa gha%ed anay antenna

ortion correc hases i f |ntro
Sgﬁtﬁ BY-odlisgaatively, 'fd}\gtsu rﬁﬂ%lé%%ihlgbtf@s@wﬁ emplcn»he ognueon antenna 60,

oS s haia Futbie SR, g o

Pefgioro i Wr%mmmq@walﬂfmm th%me%tum@mhty of sets of
phiase dpserd bed bz@t ﬁ:fr)feé@lﬁé té htﬁe %‘h%rﬁ\aoérrﬁ} o6l rlju%ﬁ'éhe'd' International

si ng

b
Ftert ApplSasRl oo, Wi ColREbThaS dasabst sugnasetamks Lor 46.

This conpares with the prior art requirenent to have

| t.i pl i.abl hi ft f ‘
ARG o Bhoburs vhdfie: waviaSiovs fioveises; of iodpbase to poer
cbyivertee aﬂpmtaﬁbﬁai@hﬂfaeaﬁd syerf bl@ﬁe&@i.é & ﬁlﬂ&ﬂldd e cﬁffé‘?ence in phase

t hat
R Eak e voR dE e T nanbmmastiier 461 Rerhdisa and Vab are

noppﬂ&leti ¢o dinfeedrhumrof 1vbitt ey @a&é%n%le@lﬁlf’ﬂ@ sighaly! $/t%E @nd V3b remain
ased array antenna

tive
S i B Reck i ke o pre 140BeS ABq dhited tanainet Mgroases as a
cossEgRiertOishanging @it ehace §fferentd B8RRI VS introduced

ts 42 to 58U/ 58L in Figure
o VeSS A o o & PG Ne FIASE Tob VabrPrRBents a 180

degigegdhasé shiftdf teat signall ibkafek lyBal ity of sets of phase
shifters 58U etc. for feeding to the antenna array 60.

Publ i shed I nternational Patent Application No. WO
Far9 815 8quindedistodfiglrest swsept anigisna plot JRbALF, i Irrwnaﬁé@d to 1 watt,

ur this sho tages

%ﬁ e‘g}aégﬁﬁ“v%?m Xﬁ?{@%‘% E‘%’j\’agﬁaﬁ?@ %@a ww@smg denoted

bp| Rzt aad a’gbareémmWelyn!tGhoWeftﬁﬁrﬁn@e then aﬁfé&ﬁé |§ﬁ5|fo;c tilted, i.e. when
a_and_V2b i nt uce ase shifter

e B8 P43 Uil B reloi ol S ahRowers G to the frst
spiiiter 52 Wtesrpplacse ﬁO@lndSh@fsettd‘ml suligeebs rétveantdrd/Pbwer. Hence, the
dfs?rﬁ)ﬁ!tron of voltages (Va'l Va2,....Va[n]) when the antenna is not tilted determines the
boresight gain and the level of the side lobes for zero filt.

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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equal and unchanged as the power of one reduces and
that of the other increases as a consequence of

3 July 2006

wohangisagot he rel ative phase difference betweenp \{2@2@519001297

V2b introduced by variable phase shifter 46. Fbme

a negative voltage for V3b represents a 180 20 degr ee

phase shift of that signal rgl ative to V3a. Figure 5
is equivalent to Figure 4 -except that it is a plot of

power, nornmalised to | watt, against phase difference
apfenglement %'-Frglf’%fﬁ@r@/ﬁskﬁﬁ@ﬁ eeenrding dp rwhsdherr thetenna element in

é&@ﬂ Qia%@ Is Bbolk %raﬂaoﬁ%ﬁer&eﬁﬁﬁpéht\éﬁha‘( e v\%rﬁerﬁh@v‘ﬁn& '&ﬂ{e(l)'ma element

he antenna I s not

nﬂm@er @@nﬁwﬁ ugRinerse3B pmnwrtrqrﬁb?%MrS@Daraﬂog.tmmen the relevant
JRAME dnd the ‘éeﬁﬁalt@é‘rpéhtr %teéﬁa SRindrl Sbitre |§‘}%ngrb%ﬂeoy‘diwsnon by

0 and the second receives zero

tlp% Rertral taﬁgenng,,agcfme@;mqltgg,e agio m@|opa’g@3ar(tefma eiemeni 0 has voltage 1.0

rMﬁﬁve to- ot dMannahgEmbis, antenna is not tilted

determ nes the boresight gain and the | evel of the
side | obes for zero tilt. The effects of different

hVQ |ph§% &S} BhiBHAA Qsﬂﬁruﬂérﬁl@%uﬁr@& & hﬁ\!?@ﬁia&mﬂjm BoPRFHR Yain then a

ant eBna are known, Figure illustrates

r?ﬂ'ﬁ I3fi distd

wian %foq"tt%@ AlPgent yalieden s F%ﬁd aegtheppigrp elements

Mo tﬁ@%mea:xrné%ngges 8Y @i RedN BPLanBar ﬁé%ﬁfhﬁ %Iot t 70. If masimum

vol t age bei ng plotted against antenna el ement

SHeriestife Oéﬁ‘fj@r\?k? levelig rﬁ‘?@éﬂr&ﬁeﬂ seaia shitdputign of antennia element

el enent. bei n Positive and negati ve

apg gt Wfﬁ@bﬂb@ @'ﬂ@qﬂ@m?és@ b8l irrogyn of mﬁ aiﬁtr@ﬁh%ns 70

v@ﬁégﬁégi@djsbﬂ RIterM@ﬁJe’hP 3 dl&h@uﬂﬁ’m B ARG IHAlsRMNARASs pﬁlrtlrectangular

%nd 72. In

dRltRiBh 7oUSReMSoR eSS RRY -BEandizBE .S@Né%%hﬁh Heftﬁnmed from .

antenna el ement in each case is above or bel ow t

the.phased aii@enna el ement 0, and ant enna el enent nurrber

magni tude in each case is proportional to the

rati en the relevant, elenent and the )
R P Bflad i S St Racs s dunin SBRTL 11 B e sl obes to
Heyordimised antheymBxikriign ﬁﬁ@broaleseaﬂmc@nnm Sitienauy |ewellstmehen be less
6 he C%F 3% ant enna eI % hasl V.ol ta?{e‘%é
thay) %éPa%'ﬁ'f‘ghﬁ n‘é“hi‘% all #ilt Ang gloyy fhey maximum.
m@mn@aolﬁgmélmmé Yndredty t‘lefihé Phﬁ@é&‘aﬁ@}( laAtdMha 60 electrically the

PRUEE D . kneReo P gE & & Tideeeed fiam #9081 Bhyiaper

and lower

aptennaiemerds Lﬁdnmaad :ebla (samao d; th‘éﬁ ryﬁuﬁmea@gnawhmgﬁshase and
ear orlizont a
%lelﬁ'ﬁﬁf}@ ky \‘f‘é”qu@ﬂ)é C‘PfB\?'anguségf\aQqYﬁl[H éad V@ ihi Hhphase ouf] of

tﬁé§|§gﬁam@ tootne&a u%beﬁé]éﬁ@ﬁl%&]? en byel tages is used.

Alternatively, a |str|but|on may ‘be used which is
part- rectangul ar and part bi nom al. The distribution
74 is half t ;‘]mofthe di stributions 70 and 72. In

Nz j

di stdettio
Zer o power

outernost elements 8 and -8 re¢kive
n be omtted from the phased array.

The phase shiit ¢f]] of the signal fed fo the ith lower element 60U[i] is given by:

e —an-{ Y2
gl[i]= —tan [V.a[i}J (2)

Equatlons (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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15 It has been found to be advantageous in this

invention for the level of the side |obes to be 3 July 2006
wepidodiiseesh at the maxi mum angle of electrical tidteninosnoizer
Side | obe levels will then be Iess than the Ievel at

the maxi num angle of tilt for all tilt angles bel ow

the maximum Referring to F?ure 3 once nore, to tilt

t he phased array antenna 60 electrically the power

fed to the second splitter 54 is increased from zero;

%lﬁ'é‘el"i RObPpBewate veiagrs Zuitritfeath dhe | serend spiita 54rege chosen to
1ﬁ@rleb.sé 'from ]Vtﬁo tcﬂ)\/bg enel §4f1Ve dVbM§ $pgnal §?ha¥bﬁb%quently, from

l‘Qease and |tuedetermne %/vectorlal
i

WASeR? Y c’iﬂd al & Pregregsivarrhags fiont isTertaliished agregs tie antenna 60
sRIng l’aﬁfﬂavé Q%oh%e%‘&nglé By é’l@@cﬁéal?iteﬁ?%rﬁg% hile %ﬁase front remains
d hlU

%-m\é?am@%m'}neér af s §n@lﬁanf T’I‘éﬁi IRCEEaSR nr@mmmt@mnght gain and
&8&)obb S'U?pf@béi@ﬁl 10¥n e s&erﬁfrorﬁ%qthﬁiidns 1} Qﬁkﬁ;@[thit theta ¥ Rensitivity is

snow

2) E and
é?‘ff‘-wgua e %&Wﬂrud@thr@d Lﬁéhe §¢P°lﬁ‘§[§§l’ttefd%{ &When @umﬁmted in this
I t
\ﬁ%]pHﬁ%c&g:}réf‘aﬁ?tgﬁﬁé?%é&n di @%06%&§ggm§§§%iggly Pdegree of
geatyiegbiitypay Hodewees of SéllféMES@OL[ i]. Now the vol t ages
output fromthe second splitter 54 are chosen to
+ 90{1}%?3,%53{8%\%\58 iﬂﬁt\)fgﬁexb%?@[ 3 @&9@ Ap ?é;kl)s*ggﬁ ?ﬁﬁdeEa)[Fé@md]ﬁg dual feeder

éybﬁenﬁ(}ﬁér(@)ara@otﬂh%ﬁ&ﬁb&)e 1P BagRylé Eé&&!er is§stent abdihgh %‘fbnal feed 42

causing It to have a non-zero

Saies a ol Uiy ore Antera. AT BRINHSREY the RKEd auAmast, and

|t@ﬂ§§i441$o 64 subiglRN bRl Inbuhte 0N tAS ahitAnaREaS. ‘PﬁlStHalstthé Advantage
t}1ncr ased t hus preservi n% boresi ght gain and sid

% Qe slgeal iad 1§ pegded Bpasein fﬁ%ﬁ?%ﬁ!ﬁ*@ﬁsﬂﬂ(ﬂﬁ remote user,

mRdgiAst thiwad rénfita bpé:htcﬁr RB/Mtiad|usy th'esanglbeéfeéléﬂtﬁ%ﬁ tlmﬁn’rhout access
t he power delivered by the second splitter .

- PR ARSI NS Opﬁmﬁﬁsarwa%e@g'@rmwwﬁaﬂ have the same

mﬁm[%d&aﬁta tilt sensitivity that is typically 1

degree of

In a dual feeder system, two signals V2a and V2b are fed to an antenna array: items 42
to 48 (tilt control components) in Figure 3 may be located with a user remotely from the
antenna array 60, and items 50 to 64 are located with the anienna array. The user may
now have direct access to the phase shifter 46 to adjust the angle of electrical tilt. It is
also convenient to reduce tilt sensitivity to reduce the effects of phase differences
between feeders and hence a difference between the angle of electrical tilt required by
the operator and that at the antenna . With a respective set of tilt control components 42
fo 48 located with each operator, and at an input side of a frequency selective combiner
Iocated. 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 titing. Tiliing 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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electrical tilt per 10 degrees of shift in phase. 10 3 July 2006
The antenna system 40 nmay be inplenented as a single y
wieRehsssast em or a dual feeder system (per 0%1?&9%04/001297
in each case). In a single feeder system a single

signal feed 42 supplies a signal Vin to the antenna
array 60 which may be nmountegion a mast, and itens 44

to 64 in Figure 3 are nounted with the antenna array.

Thi s has the advané)ﬁ e that only one signal feed.is,

Bsringnirne X tlmPoRsi o @ feTnation, or (¢) a

d@&ﬁjinaﬁl;ﬁobgg)aag%)nst that a renote operator cannot .
adj ust the angle of electrical tilt without access to

the antenna system Al so, operators sharing a single

I sidBrnaaveiibd uatile haletidria isamexinamg v aud ot ehieahs b@;@bgm gain it is
al f?glﬁ er sq)‘/)ste two Si %nals V2a. and VZ2b

pzrll?gg}'qbé%{]q %v d Slely = 59 Spiitfes, Rowgs Ntp an @g]d{t{qnpl( central antenna
eleMemto WHEPNDIeN BAIE 8) thentdi Bacend sPlier powed Gatad iovatdenital anienna
enna_arr

ser .r ely fromihe 20 nt ay 60, and itens )
ARery 63 T o R rPloeliog ABS BAE £ PSR 10 borth deats o electrica
imAs thewtiihpesseadi thesighag@estet shdshestibasettshtémtedl fedrd element

djiust the angle of _electrjcal tilt, It is also
P P iB0; S eef, o P (e rlipt of PoRierife squBmaty between the
lefdie af sthef uppeastddiducer 96s eshesh alniee Figi@e dershar8dihese lobes are
henc%pa di ffereicutfqrbe%ween the angle of electrical

syMreticaly e he'Whe PN YPSINd SERRIESSAS t1He" diPehngide Ilobe

(corYiispbnding eRPeoh) Y& farberoteduck! theO pbssibilig ONP AREAdBNAL to mobile
t2I5 to 48 loccgée wi th each operator, and at an input
SPRRONgs Using BRINASH SBUPBRt i ve conbi ner | ocated at an

operator's' base station, it is possible to inplenment
eS8 e VB R ol PR e 8554 ©
R e e o R

sendngtead ofypearantcnea dkonadgsed by reducing the power 30
fromthe second splitter 54 used for electrical

t'i2d. tphage amd lampligidedepersfreowint sibstantialhdcorsdnttdver aSrdnge of tilt ( 4

can e (ak. ' f .the, power from

ool BB Stodos! BopmEf AP rEiERRRL rEREBRY S Atk or phese
phageoigd atioss anteons elenmentand positioned in the centre

of 3 July 2006 WD 2004/088790 PCT/ GB2004/ 001297 16

t ¥ side dobea suppressiororerbging ffediivee trowghcsibriiee dilt tdmige and can be
PO OISR B BT PP Beiqnd EdreBanfign nat! on of (a)

and . I'n-order g qud v'e

0 avoi an un Uction in the

o S RS S L
5% 0 50488 (S 5 LA WGPl

c LI il wit
;35S GELE IR T pBLETERL ) oy b oSt o g o o e
el e@nglecedltilt in receive mode despite these modes having different frequencies, as

will be described later; and

7. asymmeitrical side lobe levels are obtainable o reduce the potential for interference
with mobiles using other base stations.

Referring now {o Figure 7, there is shown a circuit 80 for phase to power conversion and
voltage splitting simitar 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




tilt. As the tilt passes through zero the phase shift
on the central antenna el ement changes by 180 3 July 2006

wdegoeesyooThi s has the effect of introducing a %50}54,001297
between the Ievels of the upper and | ower si obes,

unli ke Figure 1 where these |obes are 10 symmetri cal .
In particular, this asymetryy suppresses the upper
side I obe (corresponding to 20a) to further reduce

S50 e S S G B a8 i ot

phaye s pewertoavérdien i merntaﬁa R s%lﬂté?éJB@e%tZd laéb e%éH divids into seven
i me_delay device

ot TE IV e 195@'? g o fried ek vaiatiephedR ifars 82 and 84

e b.ecnmﬂltatur% Imbhﬂ%i&eamﬂlaﬂd%llplérl%e(“(ﬁmtard I@Jﬁlld") havmg four terminals
st ant, over ran

t
5 ﬁué% é%@ld't@ @5 %l@soa '&FeB%W?PHdJaSg %T&H%@{%ﬁ S Redig indicated by
cUh@ﬂGihes sachiﬁ@b% th&eQ@ pBWaseonversdr 1@%@1‘5&5}??@3?@ BOAbination of
e pressi on, renains effective
f%fé‘fﬁﬂﬂ@%ﬁe $hifter, 82 @n(f &5@ 8 Asaicisateddy mgHEnGs 1994anch-180, the
qh%&ttlrb@bﬂ@d@ph@ééﬁshmélﬁs fh@[uieéigr@hé by exebr -1ﬁ0 c!ebbﬁding upon where

|t t t
<5ff slaalh &% P8 avhorist Sue Laomgan siRcadimBebip mput to
10 téﬂ:ﬂnﬁegliﬂ @wétﬁbﬁt at@ern‘tlﬂibﬂs ANGIdEC gtf siilitets 88h éﬁc?@ﬁi%{th BRESS shifts -00
n be ei ane as. or rom
c5fthes 256 1 P fegrhs EpoD oo Gunlnck PR Aoy aeable phase shifter

gaayiimat do tdreiirenD éﬂicﬁﬂul@nﬁaﬂ‘émama!ls %énalwd to Bsindasesd BRM 8sb with
S| de obe ev

PhBbSishitI d o 1oBRAREnd 188 isDiste: TePPeivEl B reETolEcB8a and 88b

prévide pakr didsiors breadytspesking as desabeararicRef erri ng now
to Figure 7, there is shown a circuit 80 for phase to

power..conversion and voltage splitting simlar to the
15  luFimre poas ihas l:@fenFéa@jlpEa&-todewerpﬁmérsio@fiscbhbﬁ\mr lﬁfm&nen‘ted with

i Ll 30. bed di ff
Qe VRIS RGN 2 B Biree TVERTS ity S BOYE pofper-to-phase
cARGHSIND LE) MABBVE) bBET blﬁﬁ%&ﬁﬁo@&l%ﬁnﬁ M@Qﬁm%@@onversmn can
B bf aprigirias o 1 Wbt Rinnck e i FoRvBr Erdterence
hiyisridsi, weiten aswbclavenl with i dpipessiaBB éixath gh&&b skt ho dirvvide the required
20 OW'%I@ \rﬁan out puts ValNbl etc.. Signals pass fromthe

'vari abl e phase shifters 82 and 84 to a
quadrature hybrid directional coupler 86 ("quadrature

n%hfg& nb\{vtll?st\ﬁ' tg%g&ﬁg %&%g&n&?gﬁ@% (}%QP?ﬁt%%E%O?ﬁh?‘g”)do the cirouit
8érand n@aneedobljzeercameBnla lelenesits 96B1Hsto WEE7Rhase 9BE1L to 96E7L
shQW in %Bﬂé{rﬁfnﬁé Bai}ssst.%ﬂtﬁ ngzdﬂj Ry 9}6@? L.C %E&r@aé isﬁgwso ghe electrical
connection scheme in an ilustrationally convenient manner with pairs of elemenis back
25 1o 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 o quadrature hybrid directional couplers 100C1 to 100C7.
The lower antenna elements 96E1L t‘o 96E7L are connected via respective preset phase
30  shifters 98L1 to 98L7 to the couplers 100C1 to 100C7 also, there being a respective
coupler 100C! 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 elecirical tilt and optimise suppression of side

lobes over the tilt range. -
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the fixed phase shifter. 82 and coupler 86. As
i ndi cated by markings -90 and -180, the quadrature 3 July 2006

woyRod/sssB phase shifts its input signals by - 9@1atB2004/001297
-180 dependi ng upon where such signals are input and

" output: signal V2a fromfixed phase shifter 86 is
input to 10 termnal B and ogg put at termnals A and C
to splitters 88a and 88b with phase shifts -90

egrees a - 180 deqgrees respectively. Simlar]y, )
e oA NG CHP, HEPUER & AeeBVa AR pLiPULANeDs trih dhe siiters Bga
aharegbiad. i mndoqdrpgoCatecbRESTpRt SigRaldNGi &nd Ubi with | having values
_is% ttsgeg 88g@gﬁd 8§b W‘Péfg hase shllfts -180 degrees .
0 28 PRI, Each colblgr iPUe] o 15 Eaulpient i thegsaiinliiE6 mentioned
cafier, iR @ubisl aap MR efhivalS A0l D raddhierdRaKinpdi-agiput Oiaaths indicated
descri QBd earlier,. 1§ Iq FJq%ge 7 _as has been sai
by iREe Ines S 25 dBRVEPWRIYN U 1s1PGRNSS MRUL AEKe bang\{oR at B and D
respadihatuaed bmbgrg:és -8 egleaeind -a80 98getrRee @Miﬂlrea d&rsions of each:
i can provi 0 -t o-phase co rsion al so.
LB EROvE T BB Mhea R SGRas BONERan Rblied -180 degrees,
ano noepisti Onregsites dlad Opliel smﬂt@ﬂemd d_o}gefdegviebb alﬁpvggq:;g@ee shifted -90
sum a iffere rids

hybri d al so. known a n h

%ﬁ@ﬁsa@w@i @dC%n?ﬂeia'& offt FegreerRnase %ﬁ'&g Shij g1k preget phase

shifier odg1 tttb %riémi é[@genﬁ@sﬁh)m%ragdd onﬁtpnpgiéli@ NvonRedted mia*tﬂg[jeset phase
W 0] (0] I gur , Sga arra 1S, connecte

o6t 85D i e mierient S6RA L. SiGh aoaPas SPpY forater feods to

omr’?remrﬁv%feﬁ?iién@@ﬂeﬂemo paﬁagemg%ml L1J td- %&m;ﬁﬁgé’%ﬂ.. The ith

S I n er 0] alr Su as L. L. . .

R SvERE SRl ST o Enfiing 150 dsregciest: cBiie 2401 in Gembination

pravidespavadritopabby carnaysict sholwngtbsdn Fidurd3pai rs of

el ements back 25 to back, but in practice the antenna

el ements 96E1 U etc. are arranged in a straight line ‘
Rafetring Inopadled to Riguhee8 sinophdsed airap 96 idlshowppe litsaatie Miasar form,

HOE TN st ADEGH Ay snGBUPncira T Bg S geifer witn a
relpgrine vedias diaghant t1é081 IOUNOLT 8%t/ rigitt. Yeeidr aliagrem 110U1 has a
SR aehC Tupc SRR TR TS oA abdidt RelsetiSyrh S b, and
reﬁewctmg?tbe ;susrg et t{mp?ﬁgriaé% 8!?3 h:'iufd Ub:s r?ﬁﬂli_éd tooaM8hria fefement S6E1U
0 al so, .t her eing a .
2 E YR, Bhiad 308, &3 R Beibed st lpdte canml o other
apteinna @&muentS 6iEe ith(upper antefna elemént 961EY peases thephake sum ai + bi,
ift 98L1 to 98L7 PptLi . th ' the .
o s i ouPF agtebe SpeRo i Beart R dpe e i Racd fonth
cor respondi ng to zero electrical tilt and optimse _
RGBS RA8 s B IHs ks A DIV TelrEat A SipLin Table 1
b0 Foetconveni@mel of aspsemtaiet tHevgow lovels arépotmalised so that the
@ISI nals fromthe

splitters.88a .and 88b, i.e. the it
NeF SX08 ToRting Rpliter B3 8 T g P LatRs e sy ootp o powers so
theyharai roigtivevaless also. The antenna element voltage levels have a raised cosine
squared distribution. It is similar to curve 74 in Figure 6, except strictly speaking curve

74 is binomial not cosine and curvatures differ.
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2p8rédididshrelativevalass enadosihane simo 8kl lastiessl ofgablehr
The vol tage and power
ratios for the first splitter 88a in Figure 7 are
Tahlevh in Table 1 bel ow. For conveni ence of
representation the power |evels are normalised so that

vector differ

t bhao 20 4+ o+ ol

ence ai bi ,

N OV e

orfthe—sptter—88a—+5—3~ |

CIre —J cot arn

repali b’

a

I ﬂ

N £fa o
PUVWI LI\: L} IIU

S ar guare
es al?@g?agel'he F:

oots of pPuwesRan
int enna el enent vol t age

they are

| eveDstphiave & rai s@dticosi né  squared disfribution. It
is simlar tg curve 74 in Kigur ogrer except sbﬁ?'g?lﬁy
SPeak-Rg—CtHY +A=t-S—pi-Rer-a-—fet—costap—ant——o—
| d J

curvaiwwr es diff fer.o0.80kuly 2006 §0s8004/0B8790-11.7
PCT/ GB2004/ 001297 19 Tablell Splitter 88pVol t agePower
Rat I. th%Jt put Hat | o%gx&rGDem hel s 0.1889 792

Vb5 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 0.0080 -20.5

o 3 July 2006

T/ Gl?12034l{301297
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Val 0. 00100. 000001- 60. 0 Va60. 08250. 0068- 21. 7 3 July 2006
Vas0. 20140. 0406- 13. 9 Va40. 33060. 1093- 9. 6

WERP4/64940. 2020- 7. 0 Va20. 54040. 2920-5. 4 PCT/GB2004/601297
Val 0. 59110. 3493-4.6 The vol tage and power ratios for

the second splitter 88b in Figure 7 are shown in Table
2, 'expressed as relative valpgs or ratios in the sane
way as those of Table 1. Table 2 Splitter

%%?B‘Iﬂ?&ﬁb?%é@b\r%{ 67 Q/é)é E%E?' %g)g@ g?‘eégélp c%lti%n o the embodiment
ddzfibad 3@, ZEQ%nGeOtoVE@re@I’OQ) 24 1dndb parts described earlier are like
r\\ége%%rj_d'o 4218 gyt u}dﬁ‘fssv Zgi8| gp %?ﬁ%?%ﬁd%&dﬁpl@w%ion of the invention

wWeEr b@e@m@é@aneaewﬂ,&ema;sepslﬂm o ewduce eisgibleaitit diforafig to the effect
noal at,l on

t her o _the enbodi nent. '

oL el RS RERuan nel, 5Bl abds Afe SWS aqdBaeps: the fist
wedificativads éairlsegranagérd sgliger 120 enawoeagay k;ﬁhtiies between output C of

articul ar sui t abl ual. feeder enen
Gitnler §6iehvile Reioranlner Yep " TE8 Bk £8P ot T Rl BheB fed to the
$adohd Sﬁlt’cmrmb it jbetdﬂ/eﬁedlﬂ@ﬁrqmbsazhtmrfsidnhl ¥b0.0ks ghiavrt  Figure 11,
ey i s madled B e NPT S oI RLaFeFgg slement 122, which
rnedivés ﬂ‘@tVbD'BIQI?SaE iz & figeR) 180adegred piaa&mmﬁetrelml‘ﬁﬂe additlondal antenna
t.Wo Ftter n out u 86, an
oifelE T2 R attpl pentilb e, REAEHh it i BMRER T llitoc: Lo. the
bi'etri@af uw fe dogitorichen distareds/a p‘forﬁ teath B lantennaeelements 96E1U and

% vi de anat her  si Vb As show? i{] .
: % {%ht e aa'pfagigg 835 %erhg hga &?CFﬂfepalr of antenna elemenis
suﬂhrasilQeEnUrarmeBEBUaddi’stnmthamﬁbemUaraioaaEanbménce the spacing
ich 1Q rec s th via a fixed 180 . .

trhyee S8 affehvar e et Ralhshatal i afiat sacings S butis
beleen®/2122 is located centrally of the array 94,
whi ch is otherw se unchanged; i.e. the
Figure 11 is equivalent to Figure 9 with the addition of antenna element 122 and phase
shifter 124: as indicated by vector diagram 1286, 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 watl. Equivalents for splitter 88a are as
in Table 1 above. '
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15

el ement 122 is positioned a distance S/2 from each Of3JuI 2006
antenna el ements 96E1 U and 96ElL, where S is the y
wWePpRey/mg7deet ween any ot her adj acent pair of antginag
el ements such as NEWU and96E2U. It is noted that %08?1001297
illustrational convenience the spacing 15 between
addi ti onal antenna el enment 12 is shown as equal to
ot her spacings S but is Jlabelled S/2. Figure 11 is
equi valent to Figure 9 with the addition of antenna
Tebpent 122 and phase shifter 124: as indicated by

vector diagram 126, this elenment 122 receives 'the
1 L. \hO i thaut cuiht r act Lan..nf

| -2V 6L 0L Sl gRabe
f r omsppkdrt t er | 88a. vdifgyevol tEge and pow®terRdticos 20 for
splltter 88b are shown in T As-before the]
poneOYR4fel s dre ndi®if i sed{so pheér t he |t ot abegpMET
exiting from@plittor 88h | 1 watt.—Equitval.ents for
split%v 88a 4re agos3s Table 1 @hgye. 3 July 2306 VWO
2004/ 088790 P /GBZOO4/ 001297 21 Tabl e 3 _
i oPower Deci bels
9250 %%18 1 -8.1

045-6.9_\h40. 44840 1966-7.1
Vb30 36800. 132 8. .4%a30. 24400. 059Gs5.2. 3 89
\Vb10. 08550. 00Y3- 21. 4 VbO0. 42940. 1844-7. 3 {The di recti on
ot Taxi mum gailn of & phased|array ant enng 15
det er ¥ofed by |t he PHdSé and an‘p‘i/i1 %Rie of| the véilt ages

elements. flthe
antenngs5 is 4{requprggot o remai ng hggadl y [t he sapy over
a band of frequencies then the phase and | anplitude of
The signals T¢d to the elenents should remai n t he sane
as t h&/PBr equency i 8-24¢fanged. A -8Bt h of| transtadsi on

. hich i .
J#requqmqy, and heng@gkhe ph hse siphtzit introduyges in

a signal passijng along it increases wth frequency.
nsequent I hased array|antenn i ch uses
l.?o y o Pag et 1Y 598440 7.3

Y/

Vb70 2’@@50

rans si on lii nes

The direction of maximum gain of a phased array antenna is determined by the phase
and amplitude of the voltages 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 o the elements should remain the same as the frequency is
changed, A length of fransmission line has a delay which is constant and independent of
frequency, and hence the phase 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 iis working range of frequencies. Hence if diregtional 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, fo 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.




10

15

20

25

30

10 delay elenments will have a performance that change§ July 2006

with frequency. A broadband directional coupler has y
womopesspRr ty that the phase relationships at ideS/cr2004/001297

termnals remain constant over its working range of

frequencies. Hence if directional couplers are used as

del ay elenments in a phased &2 ay antenna, the

antenna's perforrrance vvi Il remain constant with

AHEAHEEN 1 Y ) SR B S5 W Sl it

iusrabnghgle ddededresnigeimeats. Pakts préviousiytdssoritdiearesikeatierenced with a

PR 94 Py sk o8 S AR R B S5 o
ctarmmsargraktodhe lspliteer dAd, whidh tagethem dth aﬂmmp’nmmms used 160 inclusive

R oar BB BBl bR 5° s BB Ao sy 10, whion may be

dgAgoaet. 12, part of Figure 3 has been reproduced and
nodi fi ed to illustrate single feed arrangenents.
Parts previously described are like-referenced with a
Figwei 58 é@@sa}ﬂh@eﬂyﬁrmy'm'@@mavaybtenb &7 tlebthei ibezhtioA equivalent to that
5?‘1'0%” FE%LFQE}F V&l&iﬁ&&lﬁ%&HRB{ hges nﬁfébrtﬁ cie;f}?er %ﬁae {raﬁérg?ﬁ*odes Parts
previpusie rdescribel tie 1ligd-réfarchosd \eaad anlg gdwnges awilldbe Tdessribed. The
i i ; i | b r,
R Rod Bhte IR brtcsht € bohSieBS RBN L8R 1Y adRR (1 mode
anly, apd imcannrated s e ANt pafh tABddtweenaindin seies withdreandpass filters
r
B8P 07k apS ST BUE S A O] 90199 4 Uil prase
silm r18jebetween |andeinr edrissewitie dhandphseriliere H8A8gasl WBS. Themsmit and
%'ﬁ%&?&fnm ies coql Hl)ﬁgufﬁcugﬁ W&f&%@h{ oChl oglvgﬁxéaﬁ]ﬂ HPGF is)olated from
Crmdemotlamltw bandgassiiless @6 tadel Allnela"nemfarﬁs%mm 1659t dpetFt@ In reverse in
| t BR
r@@%&%%}q@%\ﬁiﬂ{ g, gs%l'itfé?s W'e&&m n‘gﬂg‘?&ﬁégéﬂsveﬁ% |S, cF #%re%c;% been the
twiotrhodesvig thatbh drapsai eno@hﬁeedwﬂﬁﬁeprobldes\mmmt and tlransmnt path 173 is
i ' : _
PELEED ) BeHBREREERL hot 1l o i, AiErein (FEUS dusReive paty
0iof isdrayatset dyad Irengivehsignaldrdse righbloaliedicandr feaddrs 18 provides output.
ﬁ%@%@gﬁ%ﬁ?@?@eg@@r ég&.}é %%éadséqt gl o%vs ﬁ%la&gle%n?fnéigct&é‘é} tilt in both
Tapisihitt and régsivieninedes éod:eblmiep@?demme adrussabdb fahdrtenb@ made equal:
t h
REERLL Jone AR BREDR, Bl 18 ok FARlHe, TG U Fepongnts have
franuaney acmﬁnttlerm grepiertiaso mihiobf tdlffem béetyteen tWeerisasniin and receive
fF&@ Mg mode receive path 179 is traversed by a
8IVe S| gnal fromright to left and feeder 165
provides output. 20 This arrangement is advantageous
I h t
I@&Eﬁh‘@ﬁdﬁ] gd?n FEQQI\{:?] Jhr ;%C@Fh‘\;slgesn%%{g ﬂt@ﬁﬁe{ %?&%rgp%dg% é)'f rl’he invention is
shapndoturedn dradsmi apd reesive wqdes by rmlilpfea(rhw) qretafors 201 and 202 of

%gﬁg% r@%&g@ %g'\%lz A VenhQ'Z?JS'. PaRbqBOSBhPISNBES B ously 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



frequency dependent properties which differ between 3 Julv 2006
the transmt and receive frequencies. 25 Referring y

wWovioliosdTbgur e 14, a phased array antenna syst %ﬁ@ﬂzdﬁﬁmouw
the invention is shown' for use in transmt an

recei ve nodes by multiple (two) operators 201 and 202
of a single phased array anpgnna 205. Parts
equi val ent to those previously described are Iike

B ST 30 o B0 2 TS BTSSR 2 B e o
sttifterh 24614 qnil\2ABTNB tabendpaze fiteal (BPF) LRETTAEAG S0GFIBS in different

B0 2190 o 2B e AT et 1 ang o e
p:asgtlftmtl :Z:enfr_és atta fg@qmcp DﬂAtr@mﬁé@éi@: ﬁﬁﬁé fiedt _oalg.l%,toragmd, this frequency
uf fi r i ndi cat.e ol ath. Lnitia a
e, et B Tkl S5 4595ed 1 e pIEPARG. off besD pdistonaq also has a
perjudesy of feeeptiohitdesightiad Frkt, andhapnalentasr & SRoohd Bpérator 202 are
'_2%% fgﬁg)?wg a splitter 244T1, which divides the input
bet {8 “July 2006 WD 2004/ 088790 PCT/ GB2004/ 001297
23 variable and fi xed phase shifters 246T1A and
' th h [ 246T1A
T S e e e —
iiiee 208 1A islcmhﬁlﬂm@hloy theupsieduplexel 211%2 glgd aﬂil{bﬁjderive% _'Is_econd operator
. ters ., n
FERRRE e MR PRERATL Hopr & ARt ben s ditecdiarea. Theso

eefmbihesd bignals paperkingra Reder 2184 t6 arqumtarew i istivadk 215 of the kind
i ed. Ft xi indi [ he.,drawi ng. The fi

AESHAREE Sl b ot B LSRR alfoed S0 ity

e sitigeratineti openalor teansmitgsignal| &nfrenuehoy Foble osipabfrdm bandpass filter

2954849 rcog\%&ﬁglrtﬁ/atpgtgégoﬁ@ gu@éﬁ%}& ﬁ%ﬁ'{v{% %ﬁﬁxpgﬁﬁ{/ﬁc& 6cond operato r

trans_m.t Sl frequenc
trazismitsigna ahfteguescy FoRtositpl? el adjiacabandehsbyilibh209T2B. These

_ ) g ) q _
SHEFTYATEBiarbfy Kbl o5 8L B0y sperna 205 e
the enteana ditljpetrenk 2b3REsais ubingttes s@06 TRAsedTiemeantenna 205, the two
' ' .al 221 3A. t
e N TR —
fesun theeantereanBDB sneraly dyt duiustiag tvaritiile phlass ehiftarsr 246T1A and 246T2A

205. Simlarly, the other first operator :
r?%]%eﬁ:@?né}i( signal at frequency Ftx1l output from bandpass

filter 209T1 B is conbined by the second dupl exer 211
' e e hyed d ep-at nsQi '
Bddoisid réé%ﬁgﬁgéﬁﬁeﬁgﬁ@gtfrﬂ? {hr% Qterirn DB hetwork 215 and

signal at fre 1) 0 om an adj acent
f P& 3Aranc 23R eoTdiEidettHashe ddaixened! $A gindl 21 1Bahese divided

s‘%\%&ﬁ%?rg tﬁﬁfﬂfbﬁeé quﬁétemdﬁ@ fxleaﬁerg:li%s@r& ah4 %Yxf@fb%@ﬂﬁass filters

‘ e antenna tilt hetwor Sprte“u
208B18a7E9BRAS 20PRIVE apd R09ERRa Wild) prdvidet sighalo pevatiable and fixed

jar ' i it .
88, Sk 20 pronaR el 5 Sl BRI, hdomy anes o
ehantrenay tify acedithest idigsiablei byl the pbiasatoshi20 earsd 208 Théepentiently by
a%ﬂ@ﬁﬁg“their respectively variable phase shifters 248R1A and 246R2A.



Claims

1.

N

20 respectively. Anal ogously, receive signals
returning fromthe antenna 205 via network 215 and
feeders 213A and 213B are divided by the cupl exers
211A and 211 B. These divided signals are then
filtered to isolate individual frequencies Frxl and
Frx2 in bandpass filters,, K 209R1A, 209R2A, 209RI B and
209R2B, whi ch provide si éﬁal s to variable and fixed 25
phase shifters 246111A, 246R2A, 248RI B and 248R2B
respectively. Receive angles of electrical tilt are
then adjustable by the operators 201 and 202
i ndependently by adjusting their respectively
A phasdyl @rqphadenrshsyistam with 48Rdblé\ elotiicaUiBRaAl ingludnlyan array
| hased array antenna systemwth

é%?’?ea iT' ?Irnlggrgﬂ)r{hppt and including an array of
ant ermdlvejeeriwnuisidingca)wgﬁm dreqnencya(RR aa'm'arMnaﬂ anto first and
di vi o frequency (RF) carrier signal into
firs ?éeg%%@s'gg%%nd signals, b) a variable phase shifter
Bor iantvaozhieiphgsea shifter dbt mtmuang\/aevphaﬁ@ relatife phase shift
bet v biebinSndidoatiathei gnal s, ©) a phase o
power  converter or converiing the relatively phase
®hi f teghdsertotpowen dosectonfbr cogrealing thatrelavedynphasevdiifteg first
power f 0 phas )
firs taﬁ'loaggso?lgoéﬁgﬁélé %‘to glgﬁﬁ]? tv(vel{oglafaﬁdm\/ S J}g 5 falh%’%aoh ofOI he
conveletasdesh@eeafm‘t i nto at least two sets of di vi ded

i gn

ot Sﬁtgtl anrgdg Joﬂ&?ov\)ép R er{”for \)f(J.iIH€ nbeer:&{b?;hgﬁ ts&%{ageinto at
el engeagt tivp setsef glivideg, SIQ;)alqo@weﬁotal ouphasef ddedsipeals in the
For DL S 103 Bl oM ir St RBhs LEAEalh btz
power tters to provide vector sumand difference
@orrpdmwéo a6 e@pmr‘cm ifeit eompbinivg paiis efugpided tsignals from
r eSpEgfrdrket Ridldr %gﬂ'{er@[bt [?I‘BUl@e REETE M anb %f?ér%ﬁiceaéonll )Pc’ﬁ%nts

di stances wt an array centre . system
acco r\mh@)ﬁf@apr@t%l phﬁ‘ﬂe feaswRRy @rfeémpt'm BiEs ofpantemnaceinaents
el eMabtated S?lﬁ@rdts‘iér{b@s %ntﬁ@@sfﬂe%{ toldH SFfYeflrgTENt | Ocat ed
centrally each pair I ke di stant antenna
el ements. 3. A systemaccording to Caim2 including a
A NdyEdnP auedrding! tot CBIm CORBARE &f Bed \WoRiber toh%n&hﬁi%eeléﬁents

power converter and one of the first and second powe
@ﬁpqrﬁr@r%cqﬁ@f antenna element located centrally of each pair of like dlstant

antenna elements.

A system according to Claim 2 inciuding 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 converier.

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

3 July 2006



arranged to divert to the central antenna elenent a 3 July 2006
proportion of the power from the phase to power

converter. 4. A systemaccording to Caim1l wherein

t he phase to power and power to phase converters are

conbi nati ons of phase shifters ang quadrature hybrid
couplers. 5. A system accordi to Cdaim1l wherein the

phase to power and power to phdse converters are

conbi nati ons of phase shifters and 180 degree hybrid

coupl ef gntegna glementsean at eoileuhmgssemlm( andrite adsemplyrhdshesingle RF
di vi dey, 519{;‘1% j power and power to
phase eer er%s]ggr)}'hearprg\r/@&]é’ig ‘ters are co-located

with the array 3 July 2006 O 25 of antenna el ements

S an p;

‘? | ng{}&%‘ﬁg \%é(?ﬁ?tﬁ%% Fﬁ%%qahﬁgrﬁoﬁgs@g}d rer%ﬁ.;ﬁa%é ggih?r are located
accor gmefely dram dhenphasi &e eowet Bad diowietiée phase pMers the power
shi ft §bllt@F§aﬁd’ﬂ%;§Hja bERE e elfe%%mstmcrp Q%S&f fog?tgaviﬁran antenna

and power to pha onverters e

and t Resembhayanst theneesarably hasedual Rﬁﬁmmvt am@iecdeda@c&omda remote
as anggpkgnna assenbly, and the assenbly has dual RF

i nput power feeds froma renote source. 8. A system
according to Caim?7 characterised in that the divider

and phas?@teﬁhhédoﬁfmg & €1afR 7! Parictdisvl ﬁrhthtahﬁlerﬂ@éreand phase shifter

source use an operator in varyi of

el ect fiece-lopated W'fb the, reetecIAUERECISF BFhBY BB opPeaten i varying angle of
i ncl udieB@calu! exers to conbi ne signals passing from

or divide signhals passing to different operators which

share the antenna system 10. A system according to

gl ai nAlsysleer ebcfbrtﬁlhg! t@@mm $m41dllid1r€:'g” u@ieeraitd @Bﬂﬁﬂetﬁgnals passing
provi de for t e antenna el errenQPFﬁiﬁ] receive dri
vol tag‘é@ %h'f"g' €391 Sf PBFNY togifie %Qﬁ?rélwwc%ﬁh?rﬁethe antenna

antensywteanray to a mninumat array ends. 11. A system
according to Claim1 wherein one power splitter is

arranged to provide a set of voltages which rise from

&0.m nAnsysteno ascoingntonCéeraot i whezeinvihe hpdwes sphitierenae arranged to

arr ay?,%gpgf r %d ah{eﬁng rbqg‘mérﬁgﬂg(:tg'c%/lel %lirw% Cvp@%@er oﬁé B'81 from a

to es progressive

ant enmaXImurragentnahseofpthasiete‘nna mtrap & aqinisubsdtanay ahdy,

linear as an angle of tilt is increased in a working

range of tilt, as required for reasonabl e boresight

4hin A SHstemEReePEsing touplpine d svhenein 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 incréased 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 shiiter 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.

12. A systemaccording to Caim1 wherein: a) the 3 July 2006

vari abl e phase shifter is a first variabl e phase
shifter associated with first filtering neans

defining a transmt path, b) the systemincludes a
second vari abl e phase shifter associated with second
filtering nmeans defining recei ve path, c) the system
al so includes elenments oferative in one direction in
transmt node and in a reverse direction in receive
fbde, thensystend'alangk80d €ectidal djit inhtearsystt amd seceivgl @ades are

naop LB BB Mg AL TR L 0oR Bl phase

seconshiftersiredpleetiyghase shifters respectively. 13. A
met hod of providing variable electrical tilt in a
r . A , rr

RIS AR SIS SRR ¥ e Aol g sveem
inaltidingoraat exsray h@ntenoas eleinents chavdatirisgda i attiab the method

' .k signal into first and second
@?gﬁgﬁg%%g§%%%kﬁﬁducing a variable relative phase
ahi f t divdingeseiadiotfeeatiencyt camiint sigrabintd firsti apdisdesond jignals,

nve : [ - [ S}
6PN ChirbAttilds VaRhAk ke BRASS iR Jgﬁ\ﬁ&rf tHeShrsP 84 second

secona si g S InNnto sigha owers

- funct$ignrldf the rel ati ve phase shift, d) using power

' _ e ! . . .
Pt SFBhG A8 ieidiiely BRaC BNfEd i SNy sihdisTig sfonas
of di wheRgdooweghatesa funclianeofdha eeldbive phase shitteast equal

t hesi - i
88 o B B e 0945 B0 E BRI Gt B 4 Bl et
powerofsfividec sigrals,dhp tejel rumbey of diyideg signallindhé setsdreing at
CONPORERTeSuMith heAMRHIRRof Qﬁt%nﬂ@@l%ﬁneﬂ&qn u%éiﬁgﬁ\yv' ng the

corrponent_s_ to res e.c.t Ive palrs o . ant enna énment s
$loc at @Nbinipg ppke oliiydem sigsalgifiom diiejsatipowes splitters taprovide

cent r@ctok4sur BRd %ra%%eﬁr;genér@? QUitH 'Egk?bgWHﬁr ﬁé%é Wi
ant enna a_rrax has an odd nunber of —antehna elefents
conpriUPPiyigdhe spmpenenimodapreciive pair of aptennacdiereents ficated

of eaglike BRtanced with kpdbisb aRtardplefna el enents. 15. A
met hod according to aim 14 wherein the phased array

antenna system includes a third power splitter
A aiveset &totding ©ARaINEI PABeren th8anhaR akey WHO8E 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.




power is a function of the relative phase shift and

the method includes using such splitter to divert to3me2006
the central elenent a proportion of the power in such

signal. 16. A nmethod according to Claim13 wherein

conversion of the relatively phase shifted first and

second signals and conbi ni ng 05 pai rs of divided

signals are inplenmented respectively using phase to

power and power to phase converters incorporating 90

dr- 186 methodeaasgistingdtocOlaiph dBswhegeid Latgps2@)0® €) arg implemented using
nmet ho i ' r.el

are i qopomrits feocied AT ahar oP aeRhE BRabng ) Bfyan antenna
ar r ay agsenably withénpat omra single RFonputaowanfeed fram asseotbispurce.
with input froma single RF input power feed froma

renmote source. 18. A nmethod according to daim13
VRer efrmsthed aicagrdiggdo [Blaigy 3 whpicnetaped) ard hlyare implemented using

CONPORERbENdrRS Rc8RdTEMBIR! 3 thE alrhf oﬁ%ﬁt@ﬁ{naoéleﬁ“@ﬁt% Y3 steps ¢) to €)
np ted using

el enents and steps c) to'e) are 'l ement
c onpoAEhiEPieRentads UEBI WFAPAneatsa cpAgCatas wWithr tHengrray and forming

t her eydrdwifNa BhIRARA a8sehAdIP hXViH@HLé]%. h‘ﬁht ”gfvhégggéﬁs from a remote

power feeds froma renote " source.

accor 8P¥§to C ai m 18 wherein step b) includes varying

the relative phase shift to vary the angle of

e[%alect ri cal tilt. 20. A nmethod according to Claim18 )
itfcl uti MEMCSARCRINY 9 Giin 'S whereystep dih ipsludes vargingghe relative

si gnapRageasiit RO/2nPthei dngRy dRlecR@l @ Or s whi ch share the
antenna system 21. A nethod according to Caim13

i ncluding providing for the antenna elenments to
r@cei emdihiod eaceotdirag s CinC1B irrludirgr osmBinikg digR4® passing from or

t | f th t ) t Tl {
o Bl LB b g W B el vom.
d) includes providing for one set of divided signals

. - _ z Cated wth
2he" AfpehaT oG £ RESHEUBAIRELS AT allehga ctements t
as apecsie iddve voltages whizhifalhfram gomegmessientralhhaitee Bintenta array to
acrosg rﬂiﬂﬁ'\uﬁ{‘étleﬁ&g Akay, the phase front being
ally 11n

substanti ar as an angle of tilt is increased
in a working range of tilt, as required for

Y5 R ALl OB 1A e R SRR o one s o
var i afiVidedignalss e frisej o @i misimyartoad| reaimage assriciated with the
| ntroghtefth aftaR cehfr@ M fts BAGS 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



b) the nethod includes introducing a second variable
phase shift in a receive path, c) the antenna syste
is operative in one direction in transmt node and in

a reverse direction in receive node, and 3 July 2006

0O 28 d) the nmethod includese adjusting the antenna
system s angl es of electq cal tilt in transmt and
recei ve nodes i ndependent1ly by adjusting the first and
second vari abl e phase shifts respectively.

d) the method includes adjusting the antenna system’s angles of electrical tilt

in transmit and receive modes independently by adjusting the first and
second variable phase shifts respectively.
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