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Phased Array Antenna Systemw th Controllable

Electrical Tilt The present invention relates to a
w@b@smdas4ar r ay ant enna system wi th control | abl ePCT/GB2004/004586

electrical tilt. The antenna systemis suitable for

use in many tel econmunications systens, but finds

particul ar application in cellular nobile radio

net wor ks, comonly referred to as nobi | e tel ephone

net wor ks. More specificall Wi t ho [imtation

PhagedAtariie Y Ps SR ith KN rﬁ El?ﬁ" ﬁ“&e used with

second generation (2G nobile tel ephone networks such

as the GSM s _ste CDVA (I §95 AI\/P§ R(é“Sls q trollabl
TR JUaFaRNT ARENERR f aéeesng} & P ﬁs%dséf o HFEG &Y Hbﬁ"éh controtiabie
el@@ﬁwwr K8 B ingsinhheystdmh vier simbbidbiur| eselT @l endroneclSysitiraonications

(U and other celluylar syste a
Sl@é‘?mﬁrl Bt Tstsi TGRS BPRisR RSy @@%r 55?{? @F{S‘P d'ﬂf;"f"?{g?  commonly
rédded &S Bs Shadlilk Q@I%ph@f@het%rw‘l iMdte ha@écnﬂ:tallg/eastt wﬂlﬁtmt limitation, the
antenna. n a cellular nmobile radio

aBpea ey 8 DepiRalyn R be FRAget ¢ r?f*?ﬂj’da 988%?%4% ) mobile

tedPdnk rrhe%rl@&lsmramﬂnle@swwsttem melsesystmmms qam36) and PCS
take pl ace, The covergg ar ener aj

SYSRRBS A Al 00Tl | 3 46EaBiE Baaeh St 58 the Universa
MoB B ElbpNsh BRIt QUIATS), Qﬁ&%ﬂﬁir@blhﬂﬂ syEaels. cel |

contains a base station for radi o communication with

all of the nobile radios (nobiles) in that cell. Base
OplepitbraNs @figiat ﬁ’(@l‘l@@ﬁldﬂeoiembrbs! gehlamtlymjm tfeir own base-stations,

SRR LR AL e LAl e M e, e amonne
atd B OpipiY Fadidreincedfiningos ebwagaraeea firo whzhmeomhroabieatisint fo the base
each oth

S | as with the pu t

SW@PM@R t%{?( Eliaac—‘émﬂh}eec%v&rqqﬂ al anlﬁtgelngrq‘fl‘yi v(ScmengﬁI ?\?\%F number of cells,
c&E hedoaiatatliit £raspditiversatonpt lomdaise Biatise phased array
antennas are known: such an antenna conprises an array
(usually eight or nore) individual antenna el enents

Esuis leelsontaielebase stptidre foe sadid lvenanuréeatian hvéth all of the mobile radios
radj at i-on tt car poratin a

(@P%Lﬂ s hgg[:ent £ fs%t'ﬁéé n%fen 'F%L%n!jg&?%egg other means  of
camiremivation, digualy ifieed ddndyinasmom mémigopont trgdlonlinks allowing mobile
I‘E?(i E{re ong%C? g?\iege?%% eﬁ% rcf&'r?r]o mca%e witik QCH)PthEgS well as with
e usic telemifona nptvecsk duiaidedlye aeittmmwttllbaadm fhewiagghal s

received by antenna elenments are del ayed by a del ay

which varies with el enent distance from an edge of the

Ccullulay ,mdbhemacﬂlheweamwmrmqhau&e phaticat gy belanmass agt egvey such an

vvar dﬁm&gagesdér{ ﬁ‘g ‘(:U%Ug ﬁqﬁr&ﬁﬁ gmﬁﬁ)ld’i%i aﬂ_tggngg%ln%nts such as

In ra ron correspon
dzpems anphtoias- Zeemmmmaatasm radiatipel patiern lr@orptdﬁ@tlr@n@ln@m lobe and

ﬁeéqblelﬁtThe (%?\%%? %&n%ﬂ'qug‘neo;ntg%]%gre@uo 8t ﬁ'ﬁéXlW\ sensitivity in

ce acr 0Ss ement e
recpptiva henielandbiye dlneu’mgn 198 |tsrrgma¢utpwggélat1 ¢reheam i ansmission mode.

Igl)é?atr ﬁ&?k@o@vnﬂ{@é&& & e{ Afased ?ra %rpw%atﬂét‘%f sihPSs MUKy antenna

ern can be al
elements are delayed by a delay which varles wnth 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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adj usting the phase relationship between signals fed

to antenna elenents. This allows the beamto be
webtewsreghot 0 nodi fy the coverage area of the anPemGB2004/004586

Operators of phased array antennas in cellular nobile

radi o networks have a requirenment to adjust their

antennas' vertical radiation pattern, i.e. the

pattern' S cross-section in the vertical plane. This is

mal nﬁ’%g F‘%I&%érﬁ Wﬁ&Véﬂ@ﬁW Wéhaﬁpwgesl@‘fal bﬂ@s@ﬂbﬁé@“ﬁtesexpressmn

in order

Pb@?%@tartéh'e gy ety deameal die EnteaAt RA{tRAD C@Uctberefofe be altered by
Heeh QgraladB! 18, arftéhr@OMBRRARL This allows

@ fgﬂfﬂﬁgang?hgﬁgégﬁ |<5rf%ﬂb5' l!rstgt \?8’5 k gst ructur ea or nunber of

thralgeasttabiectesred tampeithihs corerpds araef thg aRbhna angl e

of tilt is known both nmechanically and electrlcally

either individually or in conbination. Antenn q,
Qyfereiors ohlyased as@y wstasdamit srikiaE 19bjje KAIGBEG 3@3?1% Erfhigauirement
t(? Ia%l ttﬁelpénfehﬁéé’ \}éﬂtéﬁl F&Eﬁl&(’[’bﬁ%‘t‘t@)n it tHeSpét@cn% reshstddction in the

justi ng the ang mechani cal
vgg@@} p}g@g &Bis|ip @,eoeqﬁqtfktpn@teéﬁ@q; gelglpaltqr]gge %Web%\tennas main beam,

a@o@ 'RﬁB\ﬁH & %‘é F‘FI@aH YrdeY 6 NajeHt Nele tdoVBrade! #%a 0ff BagRenna. Such
I gnal s to or recei ved from each %ntenna arr

a@lju@i@ﬁﬂt ey E@rl@gﬁll‘@ﬁ fay @g?émﬁlg)tovg,omp@g?atﬁ grsgt@.ﬂge  'celutar network
fFP&ﬁJTF ¥ nuHHe? o'f %aE@Et%'hB@éjoF Qntéﬁn@éjJAéﬁﬂsltrﬁQ*nttd?%n@élﬂiaeangle of tilt is

ectrical tilt". Wen used in a cellular bile
knagindasle rashRNIcallyAnssalertasaluy et Erlvidually,er ipiced) Matin.
radi ati on pattern (VRP) has a nunber of significant
requirenents or esi

. h ain: 2. a first upper .

Atelena BBEeI 8 FEImaLPR PEUSREITIETTBHCED Bl Bodne At et or thei

Ho@slﬁ@bdré&ﬁnéas It RPreferRRASE a%%@?ds‘ﬂﬁ? ke @hgil bif“Bieghanicalltilt”. ;As described
first l'ower side |ob

suffjciently. high to
oA SuPESAB AEE JHE Y %U?@ﬁﬁtﬁ%ﬂ?@"%t%&m@%ﬁ“t Hglay or phase
ANi§R& fed to D JEcdiRefrbavach dMéhnd ey Blemdnhi(or group of elements)

predetermned |imts when the nt enn el ectrical.l »
wiiiqué Physirel mevempaimie & mie t%éﬁ%%l%ﬁ?ﬁ M ENAg, o' Blecrical il

WKEARIs8d ih ATeh@s MEbldRdRoiaRbah b fhiabsd aByy hitene4s Qertical radiation
the I evel of the side | obes. Also the direction and

nagigan (\JRP} hes %l“él@bleb%feﬁgﬂwnﬁf?ﬁmj%mﬁﬁén the antenna is

electrically tilted. A first upper side | obe maxi num

| evey, rﬁlgﬂtﬂoy@,gmgbme boresi ght level, of - 8dB has
been foun

e o e B SRR T rnce o movte

ei t her thﬁng%gda%e%tatﬂaGmardtfté@énttcellt or the angle of
electrical filt is resight so

that3: fop &t l&waw%ﬁ% ST 5 f@%lf‘vt“i 5'9 Paﬂltgw qqmmunications in the
poi nts ejmhMediatbavigitPsf thebmanhée hori zont al pl ane and

hence changes the coveragne a %eﬂe ant a S

desi fabl 8dedoe eVvals tBat AN )‘?‘”ta'(?t‘?fe Er%%‘?etgrﬁ]i' %éffhep ¢ antenna is
and the elegicailcated it of a cellular radio

The requirements are mutually conflicting, for example, increasing the boresight gain may
increase the level of the side lobes. Also, the direction and level of the side lobes may

change when the antenna is electrically tilted.

A first upper side lobe maximum level, relative to the boresight level, of -18dB has been

found to provide a convenient compromise in overall system performance.
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base station's antenna: this allows maxi num
flexibility in optimsation of cell coverage, since

wo hesmifsor ns of tilt have different effects onPEIVGBRIVA/004586

ground coverage and al so on other antennas in the
station's inmedi ate vicinity. Al so, operational
efficiency is inproved if the angle of electrical tilt
can be adjusted renpotely fromthe antenna assenbly.
eLeas . an,an fenn f I
T 8JeJ§ o& ebc{J,u ing eétg f th% rg?e &tngg&géﬁgc%ﬁl%r tlhle atnﬁféaé‘f é?@ctrlcal tilt is to
répugitien dfe bbm:sﬁght ealthatj for an eqay g mcajvetrtlm:ﬂhalane lt pomts either above

o&beCt [ e? :!'fpn(z:'%rr] %‘Fh‘éﬁ%’o% c:l ﬁeb}ce;bﬁél @%%e%%%&ﬁﬁ@ alFééséf tRd gg’cenna Itis
dbataimm e abkiiervaof batp ehleatrmclsamd;al |tll§ apd éfeeglactthml ity of a cellular radio
b%a% %ﬁqg? a %{%Eﬁégﬁ %I?)gvgnmlgﬁlaﬂn? gEXI lﬁtglnia ltdé)ltig}jsfa(%n e coverage,
sirice ahedecfairntsi dfttilf hawa diffsleat eifecimberantennhagolnid peverage and also on
oa}eﬁsfélq ega%ﬁ%?%g?tgg?@ifrﬁ@gﬁiﬁ evr}dﬁ? F%{j éb\gerfoggg&%.ﬁ&tnal tetf‘\‘f?:iency is improved
ifpthepangié oof teteditimal qitist cema bef atjnstedngineotelf fror tthduentermnag assembly.

V{Jﬁﬂggg aﬁnah tggga%rﬁ ! ec d‘n c&%ﬁggs%’l{t ﬁn%{ Pgrﬁ%@éoe%vare positioning its

rééshgnhhngmy ttd angieecm‘wiécntm titrrehuiress adgionghielectraryic circuitry which
qu{%elzjs(ﬁt%g?ritegpgf {;‘(PS amg fxﬂhggwﬁﬁgréjs? %Egﬂpf%hgﬁ‘tgﬁna is shared .
Hdamﬁxmkunﬁred oEdpérQﬁl'Bs it Moy@Betanaltte td provigBM cﬁjffereov angle of electrical tilt

f i’ )%O 20, Figure 20-2 discloses a known
We?q? 0°p195? [ocal | y or renotely adjusting a phased

array antenna's angle of electrical tilt. n this
1.0 T u |

TG P LR LRALERRY o TR TN D o8 gy s vr
rasﬂlmdnla somadimaisesngn éhe perognaEachl et enmana| Engemorasight gain will

ectl r t t
%%ﬁ?ﬁg nbﬁgg%org%ﬁ’?ooth%mé)sh% of gﬁé Qﬁggfoﬁﬂlct:}@h% Eo g frecgtlfbélBH% the effective
aerassofthe an¢rernihis & waavgidahle andt fepnans inaigiréeyia deSlgnS) Further
el,e a | e t
BT B bt g LA 2 OB 4R o chance
the apgletof tited so as to set the side | obe | evel and
boresi ght -gain. Optinmumcontrol of the angle of ti |t
i s obtai ned when the phase front is controlled al |
RNgI éshnebnt Ahtensie Ergineerh Elasilieeok, SbER 988, M§GF?<W H'“ ISBN 0 - 07 -

Q%@@as&d @N L p?u%‘ bh.J @%Q%seér he aoeh e%né’rﬁo@ |f§F‘icfc'tha|or remotely
e

can’beé r enot el , requl red usi ng
acemsmgn@chhm@narr@yc@ﬁemmﬂstam@lqo@é@e@ma‘l ity s}n thig éﬂethod a radio

f%cLa noy Igl%%gg%%%gn @rﬂt Seﬂﬂ gﬁalalsnf%ﬂbt%rth@f antenna and distributed to the

ter is required for every
arteremmea r@ﬁl@ﬂ&@teleﬁﬁh@tsc &@ph Fnterna aiﬁzmﬁlhahaﬁsa HegecHyR phase shifter

ngeer/ eﬁrscp qaplgﬁ%gﬁﬁ‘rl\efs% (ﬁ\ BEA4LERE -as@PRInction of distance across

eay vices to respective
tgleoarpjenr@f tamaesnrﬂae ahismens gl b alecisioat 81t HeR wistibation of power to

SAtSHRJ‘élérﬁéh‘E g/ﬂaﬁ?h DeshdIR oPhee cij %‘(Eﬁéporﬁ@feﬂ%‘ &5ab set the side lobe

evices I s use ust del ays
lbuel artd bcsredlghf g@lul Optimugocantyiosof the angle of tilt is obtairied when the phase

front is 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
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correctly; noreover, nmechanical |inks and gears are
required resulting in a non-optimumdistribution of

waledoapss40The upper side | obe | evel increases WheTGBR@4/004586

antenna is tilted downwards thus causing a potenti al
source of interference to nobiles using other cells .
f the antenna is shared by a néinber of operators, the
operators have a comon angle of electrical tilt

BB R ecty Gt RAhaBRObe SopldE bblty bl HfRBRve groups of

antemneYleupertts riksteanh iof diowindividual alerdents eingreases the side lobe level.

'\Eﬁ*?g%’é‘%a 8“?‘?@1“& 28 ﬁgggp%& %5 is u%aansnﬂlf& %@%2@%{ it i& Ricult to do this

copdely; araredvdrf meehanical Hake and gpwismratrewmeltidgsulﬂ?@rw non-optimum

d@%é%%fl gg ’eeﬁéé’egf# 8{9 4@0 0oy SBRRAL §é§ v{he?\nﬁjm emtenna is tilted

eren approac
d@t‘/vnwamst'eiuy cad;slugbl pmgarmal mmmfah’@rfaragice t@fne@il@:@slm@auher cells . If

4 Bhale TR BUIBE I BEALGRbB,  gomon v

ok stilt oinatlads tof ndiffeteatt angled. Finatly,byf dhei ditegna is used in a

carrier als. i ab
CQmWL'm'%&'SO' %es%ﬁtﬂﬂaﬁa\wf?a%lsv'g {: Ent\é Iol%ﬁlﬁar%k‘gﬂgsgowq ik h§" different
fmqpbm (frequeney divisioredugil@nsytstent ) ther ey (Dfr&jet}fln(gih alt g’\ transmit and

e converted s are split and subjected to power
YFSGIWQQQGE&H%SE#SP%\% for supply to antenna el enents.

Electrical tilt is adjusted by varying the phase shift
retneierplichtont Woss P@ﬁ@@ZOMD@QDB@Wm/C&@BO GB0307558.7 and

%@@é@? t%tlesgctng(ﬁ)gﬁ?er a%gﬁ oh& hﬁlo&ﬁb/acfr rgﬁloW§ﬁu§tm fdn antenna’s

agitparatsicaliidiyoneans afoarbharat diterened b@tw@eo éwgm@ﬁlsg‘ed to antenna

qlrﬁaﬁtrvfﬁd@jﬁGgg?&kﬁ ) Qg)? éﬁ%%n#etgta%\ﬁ%hr‘?%bl\égtﬁlﬁélgcg‘zéyfdwl&rg a carrier signal

ihiol twoi sigadisysaablbphassr gﬁmfmggtdn‘e spm aclgtive to Het olbenand applying a

WaSﬁtt%H%\th%b%ﬁﬁlo& oh g{e e Y@/ﬁgneﬁs pfﬁg)lt:@rveftg{?l% nﬁ%dare split and
dbdjdctl ta ghwéotob@asepdoenenstoed‘or aumalsstmghfens@lelement@ Electrlcal tilt is

%gg %“3 ﬁryl(mg E@Q/Pr&s ;ﬂfgg&\g@}agu {R@eﬁ@ﬁ&%a‘%@gzommozm6 also

ey eXintpdudihg armable rékautlve hhasd $hefs bietweemetwbagignalsathich are then
ﬁ? Ll ! E{?%%P%E‘I%Pt? ?gt &Xa&%ﬁwglo‘f] 'y cem{gbﬁérﬂé tetré rlaormed 1o prov1de

narr ower

n@sbéc&menﬂn\vmmancf@r ommaobrttmndwelmemk Uﬂﬁrer@a‘n electrical tilt is
di.vi.s

St ﬁ\/’ "5‘%?%&3“'@ %ﬁ{gﬁﬁgbget%% t@ﬁ%@%gg to track
expreSS| on, but for a typical board substrate

ﬁ‘pear lﬁévc(/e@eﬁg ol rgnr'rtl LG O Q@lt’%ﬁ@i’ﬂﬁ‘é@ fs, lanPﬁt splltter ratios can

ed ance | I ease Untl It
bes tdocrdghdo rb@vmfptﬁm@ntedaln abing!emnhtimgcpperﬁ;logu Bismaw feguire two or more

5\?3:5:%1 [ £ gé%ré%{o?lggﬂf tglngfér?rsn@? ! ﬁcﬁpgge X graﬁd%n{ﬁr @& The reason for

oW a I's w dt o
thigplesgam tlee oect thaa:mpﬁttems atenisplerapnted by dividing a spipiostrigrtrack on a circuit

ég%i 3'88 | oa%rog\ﬁez'sﬁ g& (#Iﬁ?ijteztr l?rﬁ%%j?%%r %o@?érg!:ﬂl %g{h% ARk defore division.
Migostrige S mgysidance is rdaheds’fOofffa@dBldthNc% highin soewieaier mgd empirical
gﬁprgssad%t, b%or a typical board substrate thickness a 50 Ohm track would be 2.8mm
wide. The track narrows as the impedance is increased until it is too narrow for a reliable
bond to the substrate Failure to produce a reliable bond occurs at track widths below
about 0.2mm: this width gives an impedance of about 150 Ohms, representing a splitter

ratio of 9.5dB, which it is therefore desirable not to exceed for a single splitter.
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splitter operations. Oher potential problens are as
follows: a) too many splitter outputs nay be required
wo bas/oesant b e i npl emented in a single splitterpCbiB2004/004586
wi dely varying splitter ratios reduce the frequency
range over which an antenna can tilt while retaining a.
desirabl e | ow side | obe level;Sand c) multiple
splitters result in a corporate signal feed network to
PR/ @BEEBARILEN ML EL AR FRBUBT 19¢HI Gl fhBahd\ehath@iHght loast two
ant énna el enent ese c) requires additional
Spbﬁﬁ@penﬂwnso be inserted so that the signal transit
time to each elenment is the sane to obtain a phase
neutral network and an optim sed frequency response.
szw retentinl pEohierop penes PRES: ) iQRmrpy, SPIEter BUIPKERBAY b equired
r I i
R o PRI DIEUA SO SBSE ) Vi LV e pioraidtedues the
frenuenayatieinge oVeF Whish apaiaadasap il While EAARING R fiesiabiprjaw side fobe
IeWet3 %%Bt% rﬂ%lﬁﬂﬂé's f‘tt%?& PYUARS 2 RoRRARE ng’néf R¥d aBhRIIKR® an antenna with

con | e electrical i1t including
o@ffﬂr@mﬁaewtlan@ﬂas fa tﬂlde"détﬁ't ENPRNHERERES Of dharedrediiies gaditional

co gghé'ﬁtsttg%esi%%rﬁe@ dasat tﬁe sl@%@ﬁ?arfsﬁrtlnw t@\éa@h REhAMDis the same to
I's signals wth variablerelative de

qbtmm e@ém@meutrgyn@ﬁprktqndr@ q@gh%eqvféeq@,nqy Eﬁs,p@neq1 QAll of these

RAEHs $hARh Bebifdp & r@@@ée $RMRAMRPbEsplifdrskiRRAe kplitter ratios.

power converting nmeans for converting the signa

conponents into transformed conponents havi ng powers

W &0 oRESt ASthb el dehBorl @ Yoy Be alteRTivel forpDwe phased array
to phasé converting neans for converting the

antemerSE- conponents into antenna el ement drive
si gnal s havi ng phases which vary from ant enna el ement
t o antenna el enent rogr essi vel eross t ant en
Tterior e VR4 LEased Ay T BRI GR G bliable oleotical
HinAbVditaEd AntéARy Wil ridighls ahhhy elchedray, c‘hafamtseéf irethat the system
I nventi on provides the advantage that it allows
f@sectrical tilt to be controlled with a single
éga"rne%ﬁbQ‘oF ﬁﬂo@tdlngetv\@&la%)é, sn@tdlsh@lﬂ@ha@bﬂri tlativietdglayftherebetween,
be used if required ncr ease obt ai pabl e
blasgkting Paanse QuAngihe ba%t%a'gt‘t'sr"&a SiorERcEraren el y

Eewhasd | id 'ﬁ%@ve‘ﬁp&frﬂ/bttmgsmeﬁhg t@haéc&lvemn.ow signal components into
convertl ng neans nay pl ural i

fr érqu@fl%ry\eg&gmmﬁ@ntag@yl@ggotv-eﬁy\glp|p% gar)y aézr gﬁ%@‘{a\/etdce?ay varies, and
éW Q%lvee 18 %s@%n@éﬁtlﬁgrrﬁmsfoﬂfcoﬁ%rr i15g @fe &lalﬁfatmed components into
onponents, each pair haV|n Enal ﬁgBonen

boPnARaG SIeaIghArES SorRy DG PRFGFAITE) G 186" BRgPEL clomert ©
hy k&htéﬂﬁtaaéfeﬁ@ﬁ@rdg?eﬁ RY Herossife an@nda ffreheheemtaia is electrically
pairs ofsi onents, each air %e/w ngFSA gnal

corpehantsy '?rbtﬂd urllyyary asdhepigtive delayivay may have
si gnal components of equal rragnltude with each pair's
%ﬁgpn?/g%tlgn provides the advantage that it allows electrical tilt to be controlled with a
single variable relative delay; although a plurality of delays may be used if required to
increase obtainable range of electrical tilt, and it requires relatively few splitting

operations.

The phase to power converting means may be a plurality of hybrid radio frequency
coupling devices (“hybrids") arranged to provide sums and differences of pairs of signal
components, each pair having signal components from both basis signals. It may be a

plurality of 180 degree hybrids arranged to provide sums and differences of pairs of
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magni tude not being equal to that of another pair. The
hybrids may be first hybrids and the power to phase
W@oogeIg4ong nmeans may i ncorporate a plurality péT/eBe@ado4586

hybrids arranged to generate the antenna el enent drive

signals. The splitting means may be a first splitting

means and the power to phase cénverting nmeans may

i ncorporate a second splitting neans arranged to

el PO Bl b UG SRR oFp B RTRBRENR LBl sgnals. Each

pwyrﬂag aveasipgod! tcompvq?rd@ @aemuabfm@mtuﬁaswhs@ pair's component
second splitting

,h&%ﬁUEQBSﬁﬁith%PaQS §?%®§Pad&§ay splitters. n a

preferred enbodi nent, the invention is arranged such

conb Mds ﬁ%ﬂh%ef st PRBHSs %.'ngnﬁfles pB\Qera"t’cS §Ma8e L NBMhE means may

Int Sane nunpers an es of conponent s.

ineopdreie apipuslity of ﬁ@cqg\déy@ﬁgls aﬁ@@gﬁd *@rgeme(ﬁqa a%%argenr?a element drive
sr@{at@dﬂ%f sﬁl‘?iﬂﬁ%%éér@gmﬁge&t bl @l sitidg ‘Pﬁeaﬂs%% power to phase

ray ant enna yst emin ng an antenna with
eanNertipg eamsenan iNSPENEHE & se@ﬁa@l gelitdng Bwans Arrangad toyplvide the sums

é]ﬁéjrebé&oth@E%ﬁénérﬁé?foﬂW tPihe é):oﬁ’dl ﬁWrR‘isnghé Yt splitting means

asis signals wt vari able rel ative
mmeb@@eram%d to Igjvid eaal Wgthtarb@Sﬁa%@@l%ir@%ﬁ]rge signgl components. The

Sdgnak lﬁtﬁ@p%gﬂé ?nag@e £BRVER bl splidddl conmponent s

Into tran f or ned nmponent s “havi ng powers which vary
as the relative delay varies, and d) converting the

We?ﬁ‘r%fe‘%ﬂ%ﬁ&ﬁ’i%ﬂ? RS invBh R reiBteRiNge @ kesTEMEt 8l bXtBs for basis signals
si'ghal s havi ng phases which vary from antenna el ement

oEniana RN eNERORTAIHING RREESTWBPS/S 28H H49S(h EORRPRHIT
when the antenna is electrically tilted and which

Ilrﬁazeg\:qw (rjggclﬁlé‘)ét %g¥p¥§§%t }q@g@ﬁl{ %ﬁ{/l\é%/glel 93%9%8 gbnﬂé‘ gleotrical tilt of a

PiRE8 B¢ ah el §8teRflinbNaingHn éﬁi&rﬁﬁa WithHuAIPE antértha elements,

t hose of the antenna system as n order that the
eharasierisse "Pnt%tth%@emﬂ“bé/”?cﬂpﬂﬁt%n ectaPs & enbodi nent s

)her ebviting! twMsREsi GHeSS With Qdriadhy roaivedfelgtasebetverhy
reference to the acco ny drawi ngs, in
Wm chd'V'd'Pgéb?@ails 'Htopﬁr@?éﬁo'g‘g?'&?‘ &ntenna’ s

Yer ti &othve i Bk 's%ap@irﬁ;ﬁ{riénfs\'f%)traﬂdsfd?rné@rc@m@ﬁdents having powers
non-zero angl es of el ectrical I't;7 Figure 2

i || ustpigh ¥anpagiedelays dﬁlﬁgg@réesd,apgy ant enna havi ng an

af] USécﬁ‘hb@ir%b@raﬂgfoﬁh@@bémpéﬂweﬁtés Inte arftieone éleﬁlelnsdlale S|gnals having

bl ock d| agramof a P hased array antenna a}/ﬁtem he

i nvenPhasgs M@l%v%{yf om antenna element to antenna element progresswely
across the antenna when the antenna is electrically tilted and which individually

vary as the relative delay varies.

The method aspect of the invention may incorporate preferred features equivalent mutatis

mutandis to those of the antenna system aspect.

In order that the invention might be more fully understood, embodiments thereof will now
be described, by way of example only, with reference to the accompanying drawings, in
which:-

Figure 1 shows a phased array antenna’s vertical radiation pattern (VRP) with zero

and non-zero angles of electrical tilt;
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single tinme delay; Figure 4 is a block diagramof a
phased array antenna system of the invention using two

wWao 2ovs/ogsabnys; Figure 5 shows a power di stri but PGIGB2004/004586

network for use in the systemof Figure 3 or 4;
Fi gures 6a and 6b show a power distribution network
for use in a systemof the invéntion having a
twel ve-el enment antenna; Figure 7 is a schematic

am, [
A ROR e iR isR oS 3P G Miteed), o BHEHAL aIRY 57 giREsie angle o
vect or chl@gncairslh I lustrating phases of antenna el enent
drive signals produced by the Figure 6 network; Figure
FyushBws Iaa@lqtéﬂgm@“ atnydfra pheased @siey ANkRNA sYpleMEOf tth’tV§nt'0n using a
of two @p% de voltages Va and Vb which have a
rel atlve ase f of <j>between them Figure is a

r vention usin
AUPELRL s B38aR P sheysherfRyged & o oo ueng
(chai n Itvadimevaelgysas their rel ative phase differ ence
is adjusted from-180 degrees to O to +180 degrees
Figde Bi guahews lrovaver-istapidiopnstwisder upgrm Wi %ﬁteﬁ%o? Flggre 3ord;
adj usted from-180 degrees to O to + O degree
FrRifes BRAGAED FHoyUR POVt ﬁ@tr@ua@rengwmf%%@ irb%\ﬁystem of the invention

radi ati g, PRtd Bidise-EI¥RRht 4%en@nd 10b of an antenna 12
which is gp%ha array of individual antenna el enents

c%}?é 7sh Q%‘%)sohgmﬁtléﬂfaéﬁﬁ@oﬂ@1 8@ d@ér@@ AbridRE RupiY devickhised in the

exte erpendi cul ar to the plane of the draw ng.
The VRPsFia@g 53@1@' Q@S“’t%'ﬁsr’espond respectively to zero

and non-zero variation in del a%@or_ hase of gntenna

RiguspRRa SNGr Sravveronciagjaras ditisHeti) Shaskse ok @PlEEEa gynent drive
ant enna g5 om afbd%é@bsym?u@@ryetmme respective nain

| obes 6a,” 16b with centre Tines o r "boresights" 8a,

Ffl?’g%?hrefg rsého%pgﬁéd %b%eﬁyt?r@aﬂ 820kcatdgf A f&td BoWRUts of two equal

del obes 22a, 22b; C'indicates the boresig
di r ect i camplivde veltaopaMaagnicoMb mhichiehayg a zﬁlatwa @baﬁ‘? 8l of ¢ between
W th they Qp-zero equi val ent 18b. Wen referred to
wi thout the suffix a or b, e.g. sidel obe8 20, either

ﬂ(};urh h) riel8Wr dRlrEmQYr v@ét@r@ﬁm SH,SB h@-B"Qnd afprred to

out distinction. The VRP 10b i's tilted (downvvards

P"}gug 1|1US§YL0@\FS€H%WW%I ?@é Yr?agtnﬁué/é%D ofLAAB dncBA-B NéHath lise a&ﬂary as their

e ang e o0 - between main beam centr
| i nes 18teladivd p_l&ssa/\mfferemas¢ as regipstacufrem -180 degrees %o 0 1o +180

degrees; and

Figure 12 shows A+B and A-B phase variation as ¢ is adjusted from -180 degrees to 0

to +180 degrees.

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 elements (not shown). The
antenna 12 is planar, has a centre 14 and extends perpendicular 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
lines or "boresights" 18a, 18b, first upper sidelobes 20a, 20b and first lower sidelobes
22a, 22b; 18c indicates the boresight direction for zero variation in delay for comparison

with the non-zero equivalent 18b. When referred to without the suffix a or b, e.g. sidelobe
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dependent on the rate at which delay varies with

di stance across the antenna 2. The VRP has to satisfy
wa@2008/0is301 of criteria: a) high boresight gain;P@l/GBR@4/004586

first upper side |obe 20 should be at a | evel |ow

enough to avoid causing interference to nobiles using

anot her cell; c¢) the first |oWwer side | obe 22 should

be at a |evel sufficient for communications t o be

[ n. the n i ' (of
Z(g) %ﬁr oF 1 eI%v re@?el%rﬁeﬁtfs %”E%mgart ‘Ferr i WE}:]’]%% odi dé’ﬁﬁgtlon The
VRENsibris wited |(do\pn\eainei8easmlmmte¢bselgnve VR wﬁemettﬁere is an angle -
ant e t ri I [
g b oﬁ)]ef ﬁ%H %/%érm ect)egtﬂ% |“£‘%e?f§?< | %8&8%3/5@% Bafh8nagnitude
dé}ﬁrﬂentgdnt thgaiate atayhlchn delepverieshwitisdigante berwsg be @apenna 12.
Rel ative to a boresight level (length of nmain beam

6),a first upper side |obe nmaxi numlevel of -18dB has
The¥RPf astd sedisfyrouinibenofoitarian pEhioh bengrigitigel; phihe frst upper side

lo% e%)r%n&r t?%ﬁetﬂa(?%@%@%@ﬁéstﬁﬁgh 5?%9@&!9%{\#5?@' xg’cfeﬁ?fernéést@%oblles using
am:thereatattt ppnthien fitdheloset esige’ lgbef%c&nw@l dgert ug devel sufficient for
g%ghﬂgénén%%‘:%é ?)B?%blg |P%§§ntghﬁa gé‘srim%élle[@?%dimtg and d) the level

is chan
aed f:!eecttloofof m alslellm@se&mh@rremﬁ@ withjn eresteteratirgdesign limits when the

aptiebtt’\%g : Sl tghc[%qg gﬁeﬁf Tﬁe%(: %ufr@rlnentsl rel r%u Iy %Qr‘i’fﬁétﬁt’go'ﬂ)r example,

nfs el ther above or below
natximikiog i oorstigit gﬁlanmy anwalaenlmesﬁéj lolags ?—‘Psez% oVelediye to a boresight

levg[eﬁ%r' n%ﬂgﬁt‘hg&tﬂ% 6)y flrspﬁébMef lloE? n%glrh&r% lQ\fel 'étset 8d® has been

ase 1 on pre era as avail | l e
fdumidho wenkoznd cahvenient cnprenisetin peerall §V$T@m§?6}ﬁ@émé%ﬁ,€h Boresight gain

dg?rleggesdl'nf S5 ERbN &S Etﬁecéos% %‘rtﬂé‘ QH%@Q}Y %Iﬁ%ﬁl@ t@'ﬂé’d@n&‘? irPihe antenna’s

Antennas hn-t al so
effectiverdperitire. fFLmHneath@t‘\SlndJOe@ﬁl@htmlm mthre%L&TrﬁQPendmg on how the
ly fromthe antenna. Furthernore, if a
aggl'regqﬂﬁg{ a88| s shared between a nunber of
oper ators, is preferable to provide a different

T%Eggft%ctocgf a%L 'thﬂEr Iel dn iéJBf REGHANRRE IR bPIhe &tg‘lé‘@ﬂ@@c’tncal tilt is to

s ant enna per ormance in the prior_ ar
ré{sjaﬁromthg bpmlgm = dat & p@lntgemqr(ﬂboge tor@eg)g\é ed}qng9ntal plane, and

h%ﬁ ?Qjﬁsﬁ?@ tc%@%a%gsesaégg BiMMe! dhtadMMaC Fdr %)@ﬂgh%e&fblhty of use, a cellular

rrca ustabl e. The system 30

ra@odlaper%at@@ areferaplyt e&zavaﬂab@ beihi rBeshaingb ik \andrgtgctrical tilt since
Eﬁ\nr%gl Lok Gk réf%%t Shogidlind tcj&@eﬂ g@uénob%ls'égoﬁ%ttﬁ@céﬁénnas in the

0 a power distribution” network he network 34 is
|mmﬁd@¢$ aitinitya Bhigsalsa lgpnvasient fhan roOterpRisgplegtgoal tilt can be adjusted

re&gteﬂ mnjn HR gn%HnaElFuHﬂemre B leng_;teoaﬁtgr%k?i%ts'h}ﬁ%d between a number

antenna el enent E[n]L and

cE[op]altatcms lt isepreferglld tarprca;ydeamdéﬁen%nt @yugteeqﬁ egeptnqeépléfor each operator,
SHBLERIYS SAbREANES, HRBa BObrihEd h the el &at es | over,

rary positive integer which defines
phasedarray size, and dotted |lines such as 36

#iétgtrﬁ]g dtoﬂ&ot BEufEd eé’?ﬁér &t Blﬁ@d@aﬂ érﬁebé/ difterrRPdyistah ed l@éhown in which

renov as req uired tor any desi arr%é Sl Ze.

thrasele (ﬁleleﬁy”%f'@ I*ﬁ’l%dlb‘,%ﬁ@ki"@'rﬂ_ PEOSYSHUR 2P d3C gorptﬂspg\,{gput&% for & radio
AEUhANSEES t §an&dfifel SFarrier 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 of the phased array antenna system 30: here suffix U indicates

upper and suffix L indicates lower, n is an arbitrary positive integer which defines phased
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signal is fed to the power distribution network 34 via

the input 32: the network 34 divides this signal (not
woewsssani |y equal | y) between the phase shift ePET/GB2004/004586

Phi. EQ, Phi.EIL to Phi.E[n]L and Phi.El to Phi.E[n]U,

whi ch phase shift their respective divided signals and

pass themon with phase shift$ to associ ated antenna

elenments EQ E to E[n]L, E to E[n]U respectively. The

S Shlf t

o SFo S 30 e Raf L 8 00 SRR b opite
ot leencaad es nagdreshfonagy ESidarawsee. t he angle of tilt is

zero i s chosen to set the side | obe | evel and

bor esi ght gain appropriately. Optinmumcontrol of th
Tomghesed acfaycanteoad system 88 israpnag pHewst e F’p%é"saasm'ﬁer carrier
igh& r Yidi Ayt n%luﬁcm% SidfShsut vide
s% ng f%ctﬁgl%%dﬁ&% ﬁ%l,' h @t4 i Qeq ?u 38 the network 34 divides

ontr It so
tHio sigriab et |n§0$ﬂ$ﬁrliYn@ﬂ@|§b@e§’V%ﬁﬁ\l fhec&hﬁﬁ%/ SBU@FS? ItFméEO Phi.E1L to

PHdé[tht hi. 21§ 1B, ?[ ?Je i I@r%ﬁds‘e@hlfi fnblr r@e’fﬁec’ﬁ}\% divided signals and

renotely by usi ng

peSY themmmhmase @hkf:’fé i@ .a@qsoqaied phfggea §|<ﬁrrfetné? 5O.AR]L todn]L, E1U to
EErﬁU E\h ge& GN Fh 80 HRY oF ch@se:)rh o EdMA anMBbeRphE% angle of

actuated. The phased array antenna
elwtrlceh’mlGOThasilsiﬂbmm@f powver PeteeR e gatenas eleneds &0 efs- when the

aﬁgl@hﬁ%ﬁ ISSE td %rcHoéeﬁcf dbf @d dy loSé@@e@ﬁh@ '%B?es@rﬁ@ﬁmtappropnately

€SS a vantageous rou el enent s;

Owwnocorttm chtheeamgie io§ e?eptglﬁald lids © taﬂrw@' b Rﬂasa ﬁ&@bacfoss the
. a?%%{ Pt Sleﬁ‘ne fEL 88 is Eontfed fcfreaqlﬁ?lble%rbf Byt s@ﬁlﬁ’éﬂ{hé‘gldBWevel is not

ers o respéctive groups el ements 1 nst ead
inoredsedi sigritientynoainaedilierenges Thﬁc%r@%é% elaericg] g qaabfée adjusted

r%%%ft% )YS lfq'eqﬁﬁg{i',a@ Eé\h% Ca?#'é?llb %cﬂg iBhas Ecohitof fh%réhés@ s‘hﬁfers Phi.EO,

correc nechanlca l'i nks and
RyeEN s taPld. Eiddant PohE Té suPhi. [ ]Lb Whish-T9BY PerifiRcianigglly actuated.
schene; e) the upper side |obe |evel increases when

the antenna is tilted downwards causi a potenti a
Thewhesebarrareaianansieiem & hebi ne@bafs@frfgs%’ﬁ’ﬁ@ﬁ%%%% ollows:

st ata&%nﬁnaéa Flﬁlftera@ r@aﬂl%&nﬁ)r cacs %ﬂfe@lﬂaké(erﬁlérﬁtf Bf B8és advantageously)

operators use the same angle of el ectri cal
til tpergm;llpgqf Qlﬁ?man'@yst emw th up-link and down-Iink at

d' f sz ”tl%néo%;tro? %Jee i(efrf&ﬂél@é‘féythé’ hMinBEOSk thalk %leters requured

e ang o electrical tilt in transm
d| ffOértmst redwhqnhby appivinge eheee Slfuét%% 9 ﬁ@sﬁ?&W@t &rOUPS of elements

Fi g lfﬁ%qee?tl o@t&hﬁ&%@a%ﬁt%n@&éﬁ@ﬁ@ iSYSA R0 A0 sk Iétﬁ@level

inventron i1s s has an adj ustable angl e
el ecf)rinechianicalt couplieg 9f Shape Ahiftess 1 pet rﬁelﬂys 4(:23nfe6py ds, difficult and

RF 4L 805l dd fhkEMd ?@afrs St d whiberdsnRH aﬂgnio&lmum delay scheme;

connected to a powe tter 44 providing two ou
si grall @ewaper\/ﬂﬁiembehlea@lemprr%e@s HhgRathe @B‘fean%a?ﬂ&sﬂ downwards

phaso%u%ﬂgfef €5teﬁﬁal%6Qrc% diinteddBnth@sRotsiis sy dfer base stations;
respecti hase shifters 46 and 48 may al be
cong) ifearednignna is shared by different operators, all mustuse t e same angle of

electrical tilt; and
g) in a system with up-link and down-link at different frequencies (frequency division

duplex systém), the angle of electrical tilt in transmit is different from that in receive.

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 has an input 42 for an RF
transmitter carrier signal: the inbut 42 is connected to a power splitter 44 providing two

output signals V1a, V1b which are input signals to a variable phase shifter 46 and a fixed
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tinme delays, as phase shift and tine delay are

equi val ent at a single frequency. They provide
Wo e®peeddve out put signals V2a and V2b to a pORET/GB2004/004586

di stribution network 50, which will be described in

nore detail later. The network 50 provides four drive

signal s which pass via fixed Mhase shifters 58U1,

5812, 58L10and 58L2 to four equispaced antenna

oisSaTe? B0bpe AR o Qhine R & ohls ao.aBpliglocteonsiered as
tira@tdelays, 89 phase shieand Bmerdﬂlasaa@dewvaéerﬁo%’ft%alngﬁerﬁée%'ency They
prpgﬁa?gén%%%% ggtpgﬁ g|gggll§t5\?‘zfa e A VQH'@E go%r 8ls8IRAbS n&vork 50, which

wo el enment he phased array
witl ieedmsarilsgd inenpA0dalpibleteres as fol l ows. An RF

transmtter carrier signal is fed (single feeder) via
the input 42 to the pomer splitter 44 where it is
Tﬁé Y QYGOQK \gbta rot aﬂoﬁr h@e @ aMl\QhIQFC'\ Rayaka RRWE phasEhéhifters 58U1,

Si gna 1b are he variable and fix %E
SM%L@ feirfct ©9le2 ‘peoaneRaced ﬁétqnm@l‘%menfﬁéo%r $Oh, SOL1 and 60L2

ath i £ tl@\& @@eégp%l @%&{) 504 bﬁ&lséwar?éy SReRR 60. 'ltHé ARera 60 has a

sel r_tine and t he
cerfropndicateshiy & cappd fieeiSheTe SUANTP coHE TG Py GHMDST of elements

$io%g -4 lﬁﬁés 4 lﬁé?tqﬁvoteib?né?ﬂélsed array antenna 60. The

X phase s ter 48 (which is convenient but not
essential) applies a fixed phase shift which for
Tﬁ%'ﬁﬁ%@é@%%y §n’@hﬁ§r§3}'§férﬂ aobgpdialet ddeliowsi Khnmlphmemltter carrier

the vari abl e phase s

SToness 89 irsiviaeded iR NARRAEE0HE BRISHTHET PSR jds dvided ino

éﬂ‘élfsWLaeéﬁH'\M% &Oec}@ab oRed TH@%@nSISQ\V@ sn@ftiBrarplies® the variable
econe V2a and {J/Zb as has be i d af out put
ahd ofiedhehpsrasbiftans 140 ped 483 AFRPeREVOIf iﬁ?l‘faé‘ablﬁ’p%ase shifter 46 is

cShEIRED Vgﬁoﬁé‘x‘éto\(@@a blp%efé%idw h&@ dher Ftirae \dakyetnd bt degree of
vect or i hbi nat i ons

shespeitiapian inses Spgs HIoRnEadh Sl EANGI el Dircpasggigry antenma
6t Ei' e?ﬂ@ddéﬁéé% Shifflahs (NRIEY is RoRtsHEt HuraRt lesséttial) applles a fixed

a S W a contoured phase taper) as a functio
paas@amﬁ whisheiar cansTiense IBGrooges e tenbah e BTGP aRse Shit du
heenyaﬂ a %O%SQrshﬁ%%Gaﬁ‘h@ RRoWS U8 18 8e WEFAHIS Bbhase in the
ce a beam from t he antenna 60
rarﬁgﬁ 4¢mmlltoa%¢m reia’gg\!eetot\d k, hed mwlm%gﬁ@mhas%hlﬁ@ecome V2a and
\Zﬁ) Q% | 0 %aéd a a?ta(gl}t?lﬂf 110?#% %Ersﬂbﬂ%rs Aé‘ﬁn@ﬁ‘@l e

ange o hase wth di stance
acr oss the antenna 60. t can be shovvn (as descri bed

at eg[g E @%Isa%%a afd \Brechel fédvolid 190 Rirmshe @drfedY of vectorial
by usi'ng one vari abl e phase
Cﬁmmﬁa&lbnstdfeswmls aCprEOVMﬂa@er egprdtive driye siong @rc%?ﬁa%"é@ma element
t he. Fi ty
e Sbenr a8ty Bifnds HeERTRY pofaf o contored phase
tapér) bem fhoctlcﬂaoﬂwaraamr@ﬁam@h’ed@wce wRess throanaaRe 60 from an antenna

G GO A BB ATl e s sk o o

afiteet BOrinclined at an angle to the array boresight. As is well known in the art of
phased arrays, the angle depends on the rate of change of phase with distance across
the antenna 60. It can be shown (as described later) that the angle of electrical tilt of the
array 60 is variable simply by using one variable phase shifter, the variable phase shifter
46. This compares with the Figure 2 prior art requirement to have multiple variable phase

shifters, a respective phase shifter for each antenna element. When the phase difference
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and when that phase difference is negative the
electrical tilt is in the opposite direction. The

wo 2oosa4gabnse shifters 581)1 etc. inpose fixed PEEEB2004/004586

shifts, which, between different antenna el ements 60Ul
etc., vary linearly (ignoring phase taper) according
to el enent geonetrical positiail across the array 60:
this is to set a zero reference direction ( a or 18b

el th r Dk N
e FaPAES st Piod SRR ERA e ABERAR 855 arocton
drivewhemrthaitdhesptiéieesdd Etnegail@ the eleetrizal fithie iri theszppphitasdirection.
shifters 58Ul etc. are not essential, but they are
preferred because they can be used to a) proportion
T fbedtphase hsdalftpt@%whetbt lrmpﬂsedd@d@agy shits, whigh, between different
S | m I
ﬁgrﬁ}% %em?rﬁtﬁg@b1 dpe ?&Pq%gg% gngrﬁ]ngzgkgfsgnt‘aépgéla%\é@rrdlng to element
gamphadrioal pediigrt adroas the htray fO1 thisrie taset a zaipiségrenage direction (18a or
e
gérs?t én u?és")?/t;ftopﬁg ﬁ%({f%ﬁes@h ﬁQﬁﬂé p‘ft%s@llbﬂ‘ﬁe‘;r‘s réejnc%r Béﬁgeen the signals
VY teatind Wb irsposed émmlrwvawtameasmf@em@ Bere. hEhe fedrphase shifters
r _ha e I
| gur;el‘ ’%reanétegﬁ?onrr@ btﬁeﬁwegtarg R‘:rg%ﬂleﬁ kfleacapseeg(?h%ﬁcan be used to a)
wopbiiorecsiaptinihe Poasd smfdnrrh@duoect hsetlmﬂl'empgewr bhgrteose suppressnon

T L e P

to Figure 4 , this drawing shows a further phased
I"flﬁl{ez?é( aﬁﬁné Uﬁ%eﬁéfﬁb@&‘gga uég}qEé VUM b QB ph¥€kd array antenna
S or ase sh e system 70 has an RF

mternn ép. Alteynativeiyhpliit lsze@t@mde@abﬂwet gseys fempé,qy pipErMonN antenna 60,
[ t Vi

o e {SEp R0 S8 HEpAE e 8 1Py g comoinin

retivorksis requ«ed tphracsreb@ﬁu gigrais 7§ fleeélp@dputbelayltennﬁe@rray 60. Published

Hé}’?{é@ﬁ?l‘ xe \’(l‘éaf?cw RYIwE %272{3_}%8\{2@2 @%rlvge’s&& & network.

secon se shifter a second power

" splitter 82. The first and second fi xed phase shifters

ﬁéfe?ﬂng oSl @B RS £QARIPEFinG hewa aStuREbEpHHREY diray antenna system 70
requi red. The second power splitter 82 divides si

al
sfzbe inveatianwsing v tigevdaiayseidehass shiftshi e pasn 8 2 an RF carrier
SE59%b Y@?'&Hn@ctgaatéea filat E&\ﬁér %lﬁ@ﬂ#zlawﬁﬁhr \fldjé%eﬂvo output signals

phase shifter . _The signal s t hen

- VoafYibstor dimyt feaofigt yerirtie ahase sbiffer dh et ik $Xeh PRARe Shifter 78

%@F ?&?Ctrhé!;?lpb’ovnﬁ%'r% Mild REpACSGHdIPDal Brd®B to a second fixed

at er a passes via the second fi xed
plmeeh@ﬁr 80 epd sﬁqq@né ppwref ap!jfen8?- Bha first ad ggropgfixed phase shifters

?ﬂ% \éh§ '8@ éWﬁ@ o$ﬁ%|r§éc9|ﬂ% 8 s}@?el uARgE Mg@red Qﬂets@cérﬁ;ﬁpovs%r splitter 82

I rst second power distribution networks 88
idlwpe@tgnabwb infpetwreslgnplesVEE and \B3lE, vdlighepass/ie § second variable

Bﬁéé‘é' FfieP Bl '%d grt'th@ f&é@ B%% Mft&ﬁBé’fﬁé Sdrid Vaedamhess? then pass
shifters 94LJ to elq ht equi spaced ant enna
§

S RET N sgecwzpl @@wee@ﬁtwég@écm verks @8 agd p?%éecs@eaw@a/y which will be
g%czlﬂ%gmgﬁore%%?éw [terd8 g%tl \‘/Qé" ph&%s'\ﬂé‘ﬁferge‘ébncﬁ f%&d phase shifter 82 to

enment 6UlL 96L2 and
A dhivgbprverSsplitten el f@m@v1|s@ﬁdn’qedt@4o s_Lgnals V3a1 and V3a2 fed to the first and

second power distribution networks 88 and 90 respectively.

The networks 88 and 90 collectively provide eight drive signals which pass via fixed
phase shifters 94U1 to 94L4 to eight equispaced antenna elements 96U1 to 96L4
respectively of a phased array antenna 96. Network 90 drives the innermost four
antenna elements 96U1 , 96U2, 96L1 and 96L2 and network 88 drives the remainder.
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The phased array antenna system 70 operates as
follows. An RF transmtter carrier signal is fed

W@ siosgksaof eeder) via the input 72 to the firstPEDGBR004/004586
splitter 74 where it is divided into signals Via and
V1lb of equal power. The signals Via and V1lb are fed to
the first variable and fixed pRase shifters 76 and 78
respectivel y. The fixed phase shifter 78 applies a

hift of .h i .
E 88‘{‘, IgFragg?rgeﬁﬁ%S&Qt%H{]??e %Q@%ﬁ:efoﬁéﬁ\#/éé : A@?‘:@f ggﬂ@hﬁter carrier
snhalaefesﬂlsmgmf feBfen vavingaspy ZRto dfe firblepayitspbiier g whese it is divided

05 LR S el " 5 ) SR o e

vat%jle ahdtflxesl ploader shiftelBh@6 ;and;e?B despeciinglyt.| Dre fixeduwphrse shifter 78

he%?éj/g %‘3 ' eﬁ gte\éﬁ?avfntﬁgtmgﬁl gasll'fllfy QE& c%B@ tfy the variable phase

ormyv
shmﬁbmaTheoﬁimt ofridifie phase ghlaérs,?@ prqmd@m st af ﬂﬁ@g:p@tj’ph Qfehe angle of

for_ ea nt e t 1
oGebta SR’ e Rl AR 3ol By snter 7
pasviding theebein@frthisciostralnce across the antenna 96. The
use of two variabl e phase shifters 76 and 84 allows a
greater range of phase shift to be appl i ed across the
Taet pu\mar gstmmmnansiwegksa 88hase Yarrpedive lpw&sélggwﬁf‘t/%@“VSm and
\x&%%é\{$| ca %\@/1 a glt glwﬁ‘n ?e&&r%?#:@ﬁwbl’n%ﬂ@ﬁs 8f these SIgnaIs to provide

i nab erring now to gure
drespeqiveairivdi sgndl dot each aremney Rlegnans 9§Hgvﬁ’60 wH& H”Y% signals vary in

gg% dr‘?%r% a%fa h{ﬁ%’n%ﬁ B\darlr‘[ fith é“am% i diSBn80dcds Kk EhiBHR£LE6. The use

ovvn with nmore antenna el enents
o han \aneblassrmsea$mﬂew TEh apdfdvallowst 8 desler iryeag of Phase shift to be

a@@[ﬁ %rbs Tt?u% {he: é%g J@ﬁ%ﬂe}ﬂﬂaéé‘péﬁa%lelg%e@ﬁté(@@m Figure 3),

secon ower
amplthad ageaﬂ@&angadf Qleauucaléﬁp@@btam@bke The first
- three-way power splitter 06a divides an input signal
or vector Awith anplitude Va into three signals al. A
RederAingmowag. Figuish®r @ pawer distrigHipranstyee $@Qfsashown whichis generally

o@@% klh&gg?cfg ?Né&pgnd' ab 'n‘PﬁltgurEe% éﬁ@@%l@elﬁiiﬁho@% vﬁtkﬂﬂdre antenna

I nput’'s first, second
dléhents 180 ay@ras@ocnmeguvgthaeqtemtﬁa ﬁgsgéxﬁdc%%ﬂl%wﬁﬁrt%work 100 has

tavg lnp}lﬁg 1 amiél‘ld S&%ﬁ:\ b8l firsT BRd SREOMHEE- Ry \WaWer sphtters 106a
& o

es an input signal or vectaq
efsldv\n Qah) raa}pﬂqttvglye TV@ firﬁttbrelequyep@/y@,whgerbjp@ diyisleg aar\naput signal or

| tpt‘ WREER Iudeb\?? ﬁﬁcﬂﬂfpée @gﬁaﬁ Gal AraoamRhitdade where a1, a2 and a3

I'ng ratios e secC iitter 106b. The
arbre@elas|agmhltl$deoiplBtanJZaTBSan'Hwog‘g@‘éraé Red2 ﬁoa%‘é@@rﬁj are fed 1o first

1#;21&Et1sof2ﬂr?tf e@gn@é%'tﬂﬁd 180 hﬁb@@ﬁéénél%&?%d Mé\hd’es (hybrlds) 110,

vectors are equa
M a4 Thepbielydd e Sasom dneeatopR¥aapker 40 ARifes an input

50451 PS5 P 50 0 M it 88 oy .

aresp@etd scalay amplivkde APlElng fekes Oé%lﬁzﬁeogreﬁrﬁwm%%b The three signals
Y Bf e8GR nS B fard 18d 11BP4lcond inputs 2 of the hybrids 110, 112 and 114

respectively. The amplitudes of vectors A and B are equal, that is Va = Vb. The hybrids

110 to 114 are also known as sum and difference hybrids.

Each of the hybrids 110, 112 and 114 has sum and difference outputs S1/D1, S2/D2 and
S3/D3 respectively at which are the vector sum A+B and difference A-B of its input
signals A and B. As will be described later in more detall, it is a property of such hybrids

that their sum and difference outputs have a fixed ’phase difference of 90 degrees
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signals A and B. As will be described later in nore

detail, it is a property of such hybrids that their
wawwsamsdodi f f erence out puts have a fixed phasePCT/GB2004/004586

di fference of 90 degreesl3 between them when the

anplitudes of their input si gnal s are equal. This is

the case even if the phase di fiBer ence bet ween these

i nput signals varies. The A+B sum signals are in phase
b@iﬁf@n%@m%@nhﬁé ﬁﬂ?{ﬁltlﬁf@% df %lﬁn&t@ldﬁaﬁ %Cé‘c‘;uél o194 & the case even

he sum si s are at degrees to

lfdhefpéﬂéﬁdéfeéqngﬁd?%we% thase lm*raﬁ;rmls V%I%nc@“%éfﬂééﬁ‘ signals are in

phise | WEP léhesa.'ngirr‘]@'r Saé’ ad tﬁé 'A glbﬁfetr@ndéoﬁ@@élé HhOhe 50 signals are at 90

Har a hase shifter. 46, the sum and difference

d@atq@@ttOSthg rdiffeserneg wgnﬁl&mé\ﬁﬂb% dphase differmaen betiegn 48e input signals
véﬂ@évj,\:o#%' gt ofatiSh ﬁgﬁrﬁélveﬁ@gl@ BHede shitsP 48, s i aﬁd%lﬁerence output

: ! ut si equal rranltudeln antl
sigrBls=vegy anma@ony L A Wikt iR- nhﬁfmtnpgt gaaals oaﬁqeajlmgmtude A+B = 2A

Bwéewﬁﬂhl‘ ES’E 5 alsrbf@aﬁﬁﬁmggm%eqﬁ%ﬁﬁ@ﬂ':aseAABBan@ and A-B = 2A;

ar e bot rids and
wthxemremt@@aéﬁc@f emyqdmmw@e piaeng mnﬁ@ﬁtté'r%o degreap B and A-B are

t hey conve t signals with constant power but

bedy equsl & Nh‘hsfeBgl f The biedds bl dd panddil §rikgrefaip aet as phase-to-power
f 7

SRR ) connet Al BUBSE ML LSRN B uft v prase

onf@arerzceamdmmslenaiao\/vu.tmvwmbﬂes;scpymfchumgmstaretﬂé}aén@léf@rence

inputs S1, S2 and S3 of fourth, fifth and sixth 180

hybrids 16, 118 and O res ect|vel . Simlarly, th
Thief A6 GhEesignalm Alos PHpHOTT pBR §n®§3 @fz’rhsr{wbms a0t He? and 114 are

18 5 1 ApredGondm gﬁ‘#ei%ré?{c%g IHSUJECSFC&Z &3R8l RGN, flf’[ﬂ and sixth 180

referenced |n e sixth, fif
hyhtds 6 U6.t H Brais 126 respectively. iiojrsb ’fhﬁeA;B difieeencesigngls from outputs

[51 f[?i‘ AIDShhB ERHsO61 B 1t1g @01 2 ﬁr% f2avs &iﬂﬁbﬁéﬁal ly referenced

erence outputs indicated in each case um an
ln]Jlﬂ$ D1aD2\ﬂm|chi3 ohigesbdh diftthsaneh fauih bymldéﬂﬁf)e%/bﬁ]%@ hlGyespectively.
of their input signals appear respectively. The A+B
sumqﬂét%nal s are fed via respective fixed phase

s fithzod iyt byerids 316 4 f2lt alve Y CTiNE andediiipreace outputs

nlrﬁéé'fédtlr?eéa%&e' By Qﬂmuzﬂﬂﬁlblfﬁﬁi \fvhleiﬁ tife ‘SédforeéLﬁ‘ﬁﬁnB and difference A-B
ased array antenna . Simlarly, the A-B

Qj.thelémmb,l{r;@l@p@r@}p@,eaérr@sp@@vglyaThqa)eé{g's 9Lpfg§ég@arlﬁ ffefed via respective
p8dIohabO shiftBls I 1 £5PEALS KErRBLARNBANEL PERILRAG HORUY Qo 124U3 in

| ower af of the antenna 124. Strjctl %
pupidrmlf @fr%SltSh%@@e@hph@%quafl%’zmteﬂﬁa 121 §irallely, the A-B difference

%@Seﬁé‘ Beb fidldY fl)lé& pﬁé@e %ﬁffte%a’f iZqutot@L@QbV\QéﬂfeoliQ@ antenna elements

cause Fi gur es 4 whi i ncor porate the networ
HR4Ladayl 24k @@W@hh@hpfsthsfarﬁ%@é 24ThetricBY, ppeRKing; fﬂtehphase shifters

EZHJ‘ISﬂox‘Fé?L@QHB lstend Qrrdy Q243 aRYBditpapovRhe Aehiek €00 @écause Figures

ween their inputs into phase differences at thei
dangut whickdneorgrair thenseiere Aleasiypdhaye eg@lﬁqlgptlsequhese The fourth,

ﬁw H&@IM %%rﬁisl H%’ t@xﬁﬂ §onv@rt3§‘dv§érn&ffé@ﬂcé§%ﬂmfe%ﬁ their inputs into
ase and to each antenna el enent 124L1 etc.

waseuﬂﬂfieﬁ@rﬁc@mt mQ‘é@%’fpﬁiseS? Hexeckas BevakiorPiase cenYigrs
‘of first, second

Further flexibility exists in setting the required phase and amplitude to each antenna
element 124L1 ete. if further splitters are inserted between the outputs of first, second
and third hybrids 110 to 114 and the inputs of fourth, fifth and sixth hybrids 116 to 120. In
order to avoid the need to dissipate power other than in the antenna elements, whenever
an output of first, second or third hybrid 110, 112 or 114 is split, then further hybrids and

antenna elements are added so as to use all RF power as efficiently as possible.
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35

and third hybrids t o and the inputs of fourth, fifth
and sixth hybrids to 20. n order to avoid the need to

walk@siopsade power ot her than in the antenna el ePE€NGB2004/004586

whenever an output of first, second or third hybrid ,

112 or 114 is split, then further hybrids and antenna

el enents are added so as to udé all RF power as

efficiently as possible.14 The antennas el enent 124Ul

etc. are associated with respective fixed phase

shifters 122Ul etc. whose purpose is to a) set the

The ranterinaresement ﬂ24iﬂ1 et aiatassneiateddwidpregpiesive figed phase shifters
| ,of t 4 Mgl [ .

A G s et pEIBSe 118, 8RR omindmB4E iy bl drtgnne and b)-

optjaisk tlveiegeitqf ttoe kppb |oémetamt¢m@i.*r24i oveuits tilt range. wi t h

. input signals A and B then the sumoutput is (A+B) and

the difference output is (A-B). However, they may al so
i Eigoen5 threutntoeid s Wi 10Ho uRe quakshgwmeiity el Wﬁphﬂ@ #oriiad igtheir inputs:

[ SU\{VEE Yn%t,l iﬁ}ﬁﬂs %&”aﬂﬁleB ﬁﬂ?éﬁ tﬁe % Olﬁgﬁtle rgﬁhéf Qﬁ@ﬂ%edﬁference output is

'S a we
Air&)uﬁ-lomeaerdthpw Han a{seﬂ:@mqnngugtp@ |\M|tédmpgu¢l§pfmlgrged Tputs A and B to

GETEENRBRISHALT B IEA e BB SR g ¢ eianin
dppliezl topmmirAfalruﬁMyng aweighting ta@pbm Buinput Bgnadei gRijserve power in an

ﬁ,@;{aglkg?et@ﬁe& Hflﬁ thé gaélﬁ%sowéﬂ e‘?\té[?fngq{s' ﬁﬂ!ts should be equal to the total

ages res rom the. Use of
;mweurileer@l byt méll’ghbemufwbgmaitngawna‘\@rdﬂb@r tharenl hegspsyin a PraC’flcal

dd
ARG oTyBe ARG o BRI TR O kB S PBBed horic: o
fomttyer bigexitiilgy ris badded bcetthee:iestgmlroropm&m@mntetrtr@r element phase and

aﬁ’?ﬁ%&e‘%‘tﬁ?&gHg b ggﬁél% |tIt|n§ n%é%gfnﬁe e'dtt}éft\ﬂgeﬁ fid & more splitter

rovin reguency
qoePPOaISs . tth1mduwmtheﬂnahmwy§Dléhm94@tl0h@qakﬂ%@f agxesm@fsphﬁer and

'E‘BF‘%"B@Wequgﬁéfréﬁswé on network 100 are: a) only one

i'ng op oni's required at splitters 06a and
106b, each of which splits into only three signals; b)

| I
\élh?q V% d lh % | msgllé]: Al d&j\%nﬁdg%g o?th\é)aﬂd\nﬁez dgtrgﬂ.gi%ﬁ network 100 are:
t he rEE)tWW loné rgnlittn g1 O@aationd isl G2fvirad it capliiersetite arm 406b, each of

\sfhlngh"%*t‘iqjo%"“% lﬁgﬁ;r?mg%gg g pass through exactly the

corrbonent s along paths to
ant erbailiés ienpernentER4iith @siogle varieblephese phifter ertiramdelpwgevice 46;.

hybr i 3%@4% has t{)t%%nne%ﬁbﬁi( f}bﬁt'sqdzlé éﬁﬁ?ﬁwgn& QSm%E@?rﬁs into which

shi f t% are no net wor k
Thesethqa))abbsorehoa:drd/ettla@rrm‘sertbrdn@heemﬂ)stth@taamq pumher and types of

f’rggﬁ fcs?{gqep& téaﬁl%+§pgﬁ1lsj 1 gﬁ‘%@hggl %nltéﬂi bR dike |%08n@§;5|ﬁ‘ter and two

ances and a
er r orig/brids {dsehaie baem kaidusdrigtly ameﬁkleg dine phagseshi rs 122U1 etc. are not
conponen

beam Kt stﬂ]e ng cIrEH ? 'Pl%géspé‘cﬁg MHAl0RR A% gé\%dsubstantlally the

St A1 na
same electrical length ignoring variation due non-zero manufacturing tolerances.

Hence, phase and amplitude errors in the network due to different types of
components in different paths are avoided and good beam shape is retainable
over the tilt range. Furthermore, the beam shape is retained over a wider range of
frequencies since the phase and amplitude errors of each path to an element
vary equally and reduce the error between adjacent antenna elements;

c) the antenna can be implemented without the need to dissipate RF power in any
component other than antenna elements, ignoring departure of components from

ideal properties;
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over the tilt range. Furthernore, the beam shape is

retai ned over a wi der range of frequencies since the
w@b@se4sand anplitude errors of each path to anPel/eBert/004586

vary equal ly and reduce the error between adjacent

antenna el enments; c) the antenna can be i npl enented

W t hout the need to dissipatelRF power in any

corrponent ot her than antenna el enents, ignoring

d

CSE? %%Spogicgs% & gggd;éﬁ%saég ﬁﬂr&g I?s?erdg cﬁ\%ﬁ%d Jvﬁtﬁdalji Bftenna of a
Wt hcmpﬁﬁblemoﬁhaﬂcmmmmhipe mmb@rtmdelauglewges and

:né: lt (Ig { cab(gﬁytq‘ﬁ %{?tgﬁﬁ%%ynoqe bwcp‘?gmlsga%yet%e tu%lg of ﬁ large number

I'ST no rom

use offvanablartg:ee delapeleviogs.vari abl e ti nme del ay deV| ces.
Splitters may be inserted between outputs of the first

three hybrids 0 to 4 and the inputs of the other

spwms thsayBbe nskPied dmhaeert outpptsr gfdbe dirstdnregdiybrids 110 to 114 and the

i t d:
P R BRLHTB P P RO B AN i prese
an@mpﬂltrtmdofrmghalsﬁeﬂdoran’ugnnmwemenﬂ’s gihie yvilbRe agrscabed i the next
e&g}rther power distribution network 140 is shown in two
REMMSHL 140a and 140b: the network 140 is for use
W th an equi spaced twel veel enent phased array antenna

R]e?'e ngcghodvril?:? gcﬂlﬁés %g%ﬂ@?b a(?urtﬁé}epolﬁ}err“éhs%ﬁﬁﬁoﬁhe%rk 880 is shown in

networ k 140
tvecq sevtidnent4Qeoantiat40bie s na@wrmMﬁ ip Pl bER d@‘rht an moyifpaced twelve-

e?e L ?Ihgg?oeﬁnlr%}? g@nﬁgzl 4tggbu§%b¥ﬁe?rr§s;§|e@%cofttﬁe Jfiéhyseadat 50, 88 and

and phase shifters
9&])416 Blgulr@s :14441@1 t Bhepneiwniode 140 ipreduiveiest ta gt ﬁéﬁ%’é&é‘df\nfh reference to

Fﬁ{%ﬁ r\]/\g%faig&&%[;&?ur%h%%el & 845 500114]2?1841'@ sfofldié?ﬁ hybnds 144, 10 1444

1 S equil ent to those describ
aedrfixedarphas@ shifes Hé@LéT tnté4Gindprotide dignals bxrua@nlnweﬁﬁed number of

aﬁn 4 ? éle%teﬁ 0?4 pegt iélé?_fS ggrﬁ% e 98 DepYEEL eqliBlent to those

or S aving r espect Ive
omamheﬁmmer\meam@ -reterenged ansithe despsptienivilogncapisate on aspects of

O@Tge%rgclnto signal fractions al. A, a2.A a3.A and bl.B,
"B,°h3. B by splitters 106a and 06b and fed to first

and second inputs 1 and 2 of first, second and third

Allbyn %JJ ,%s tv@o {nﬁuﬁé@nél \?ecto% Q‘nﬁ%oSBaEé\}m@ é%ifogctlizi[erﬂrrﬂﬁlt@d& Va and Vb, at
igts ﬁvzsngnd wztmsreawt @éq sigoalfiggtionsia bApa2.Aga3.A gy b B, b2.B, b3.B

by’ TdR. 10%a%rngie[] oarLonfnggﬁ%tt aHB%ﬁ@oﬂoomBQfé’elrand 2 of ﬂrst second and

version in Referri ng now

ttm)d Rilepistse’ 10, tot hi% i slanaty Slcha el il '?W%Fﬂﬂ)\% Q n?tsbysb”d 10 +2n,
fegr ‘la%na%bg'h@ sﬁﬁ’ﬁﬂ eLtice3freWet o tHAPHY S 1Y, AP B2 @ffla3 = b3 in order to

out’put's Curves 134 | ndi cate paths
implement phase to power conversion in the hybrids 110 to 114.

Referring now also to Figure 7, this drawing schematically shows a 180 degree hybrid
coupler 132 with inputs A and B and outputs A+B and A-B. Curves 134 indicate paths
from input to output, and associated markings -180 and -360 indicate phase shift or
equivalently delay experienced by signals passing along such paths. As shown, paths
134 from A input 1 and B input 2 to A+B Sum output and from A to A-B Diff. output are all
associated with -180 degree phase shifts, whereas path 135 from B input 2 to A-B Diff.
output is associated with a -360 degree phase shift. A 180 degree phase shift inverts a
sinusoidal signal or multiplies it by -1, whereas -360 )degree phase shift leaves it

unchanged. Hence both signal A and signal B are inverted on passing to the Sum output
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frominput to output, and associ ated nmarkings -180 and
-360 indicate phase shift or equivalently del ay

wez@snisanced by signal s passing al ong such patPGT/GB2004/004586
shown, paths 4 fromA input 1 and B input 2 to A+B Sum
out put and fromAto A-B Diff. output are all
associated with - 0 degree phase shifts, whereas path
135 fromB input 2 to A-B Diff. output is associated

o) A8 50 e 57 A0 S50 sBBaymigom, quput e

theitefmeslﬁaaacteaﬁfmnde\gr de plase dsmrfoted| leteveié twv signal vectors of equal

HRSARRSEH o FAEr R BBl BB 813 160 coors ens

tHeh@B‘lﬂﬁlﬁJJ suradde diffecaneteheactorsetre ahP§ dsgrgealto Bng @nother irrespective of

i nvert he Diff..qutpu k
tr@dawté&ag dgfe%cg\ AR:C,B \ﬂnfjl % éﬁ%%fsdég idg%g rfgﬁéesree b)ll ?0 td Wgrees, which
lsSd:@ﬂ/éhleweG:thmt ebsendjiad), beagme iicemplifigst caltuidtioneait antenna element

S5 TR0 1) PSPl A58 09E 5 o prace

a\tver%brd/egereemey woovertdnpitheignals egs (@GAi e Byfwithequal mmnplltude but

BRS3E Ay LGRS AT M A a5 T s i vreve

pO®sebiit @:ln)stanbﬁlcasfsdafﬁeirermenqn‘l 9G degreeal dddrabyvern thef A+B outputs of all

ant enna, e nal

ﬂ?rﬁ‘?g ‘?“dﬁﬁé%ﬂﬁ"'&é 1} P%é)s%a‘tﬁﬁ]er et %ﬁé}thgc% %Lase gpees to all three
ApBwafpuM\ﬂeaafsteeiybmdst hey convert input si gnal s e.g.

(al. A /bl.B) with equal anplitude but variable

rel ati ve phase difference into sumand difference

Toethybtidsi Wntal 14 4\kiavé AreB dalplts punested e womney satitigsad4ac, 142e and

1%?5 ff?%?fgﬁ\?e}}’? bnd DB PYIBER- oMHEAGY TS twd; Way bR RS 1851 and 142h

brids
respactiety. dihd saliterat 420 t@égmeelshttthﬁnalmputt mr@eés migsigpe!dradions cl/c2,

i 5T Y G P Sy Sy e o s

refesgiest indeelay fommelsp@cﬁveusplmes odpnisctand taset - Wt to respective
litt 14 t
ngfﬁlﬁmngi,{@lylr Eegeqc]eéﬁg S 'y tﬁg LERRERLL At h Eh 3 1444 1o 144,. The

helr 1 nput si s in
fsurgnial nifith dgbridsrisidd tac 2 446l mymims reveeand B/inputs glartgiZQ an@l A+B and A-

1/ h2 re ectlv t ragt i
T SE A CER e Sl SFE 2pU T, 2P Do B Ko RTon and mode
mbeerfadaon amﬂmtﬂrs*.tosecespieirtd thigd bWWC@sﬁ@ﬁdﬂﬁ 4! yablef bhelawesows which
|

¢ ph iy BT B 14 B R R g8 bogons: here the
Hnslgr&!s undpamsxe&toaa@blI’Qoaﬁsdbmoanr@w@t@alm and difference
outputs Sumand Diff., and have the sane construction
.%Pg Hmde of operatlon as the first, second and third

¥ids O to 14. Table 1 bel ow shovvs whi ch |nputs of

the—fourth—toninthhybrids 144 to 144 Tecgive which

slygncal| Fpaict i ons:Fritien t he +/ - !slb’@rrf% i Wkt e veckection

addittronfsubtractiom, Tespe tlveIZ
144, 1 cl.(al.A +b1.B 4 1 e2.(a2.A + b2.B)
144, 2 d1.(a3.A - b3.B) 144, | 2 f2.(a2.A - b2.B)
1445 1 c2.(al.A + b1.B) 1444 1 g1.(a3.A + b3.B)
1445 | 2 d2.(a3.A - b3.B) 1444 2 h1.(a1.A - b1.B)
144, 1 el.(a2.A +b2.B) 1444 1 g2.(a3.A + b3.B)
144 2 f1.(a2.A - b2.B) 1444 2 h2.(a1.A - b1.B)
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Table 1 Hybrid Input Fraction Hybrid Input Fraction

144 1 .(al.A + bl.B) 144 1 e2.(a2.A + b2.B) 144 2
Wal20060840 - b3.B) 144 2 f2.(a2. A - b2.B) 144 1PCRGBaB4M04586

+ bl.B) 144 1 gl.(a3.A + b3.B) 144 2 d2.(a3.A - b3.B)

144 2 hl.(al .A - bl.B) 144 1 el.(a2.A + b2.B) 144g 1

g2.(a3.A + b3.B) 144 f1.(a2. A7 b2.B) 144 2 h2.(al .A

- b1.B)17 The splitters 142c to 142h split their input

Thb %ﬁt'te?s 112be ©i B shiitagsil Gipit emaeprn&@tsgnépfraaeﬂstapfpfbpnate for
and subtraction to form antenna el enent drive signals

aQBileh A Pyb R JIGPAS P PG IF SARRTE AAE YGRS tIgB SRR BiRaressively

wWRB ra?ﬁéémfah&eﬁ{étn@ ltleﬂaacra_s%b{h% ntbhP W48 hovgh ¥t BBlow shows which
out utsS of the fourth to ninth hybrids 144

oGUIBLHTEITY & A 194D A s LIS ETYG WA 1 ging cloments

14883PES Y 1S FibXedpdiRE Gixed 'pﬁhﬁ §h|ﬂé‘r§u]46Ui t33414414§6 Antenna elements
Ant enna el enents 148Ul to 148U6

hal f of
14HG 40 ARG, 11 4BS PRI @f THEANERGR 48 ATB AT Eh SR sHm outputs
Shl??offtﬁ’élfduhhtté rthWbﬁd@f 443&0 144, th théde in BEUOWAIORE dr8 driven from

| ower ha are"driven fromdifference out

d[ﬁefefnce (S’FJTRLFﬁeE)gf 19 Bihesgshybrden Egeh phieriguih ko ﬂfeﬁhhxfwns outputs 144,

YDA, B8 uY 1968 hdrituBoA ri lﬁé%ﬁigVeﬁ%xtﬁeﬂélﬁn or difference outputs of the
contributionS ori g%gla‘i I@ﬁ?ﬁptr either sumor difference

fitst tp sl BorigRe! 10 omyhsith dwes efPutns- Beiinmsignals are

Hdr FB PN HHa¥BE SR oAHt Bibither! t STH RIS tENGhE ASrids 144, to 144,
therefore in phase with one another. The fourth to

CANSPOHERPLAFIIBS TRV oto1 BNBSE ARBIGTIERS |8RCHCIOMEES Hivio fngut signals
(DRES PabORLRS bBESe JRRFENGOPYERJtShdobSsdriyp eunauamenmahﬁto sum and

ich have zero phase difference but not necessari ty
deigiriicesRHIPYt SigBR!si With PhaRe alftPrender ¥pwiNge DeiesD different hybrids but

cShgaa! Sowdrt( lﬁéearﬁ) Efo%fs%c%r\éﬁ{dhtd%@ ﬁﬁewﬁ‘e’ﬁhe arrangement shown
di fferent h dS but constant power nori ng

- afiowsy RSIreeYe m.eﬁe figab1a aeepwevemeoraﬁﬁ éﬁi@ﬁﬂa . dttByand allows ail

.rﬁJuk PveR 1B BET ES \LHoPRARE fTrﬁQtlgr‘i&eQ‘athQCBd)s%Ynﬁlﬁy A’ B8Ses due to
the ‘antenna 148 and allows all input_power to be used

dissipatien \Ré| BOwWeThis nogiepels cemeenesési bExGlugingfsycgsioages, the power

b iOn PefrrRAdPHoY n&(’%@‘feratg anélgnal%%h COARAN@AtBUte usefully to
Excl udi ng such | osses ower distributiaon network

anieona eEke pighalgeseitag eotaleeew tagisrasecd sApe leeﬁtppwsuméff'menﬂy
usefully to antenna drive signals, so it is not
necessary to di spose of sone input

Tnadeyri PRI 1A44418/ep Sy QUHCIRASH Pai 3" GRicye SiRMes dfRYand 148L6.

el frfthOﬂ‘o ﬁﬁiheﬁwnc@ WESHIOS 1 %SMeaMrsléﬁ bftenih eeléméﬁte 148U5/148LS5,
ni nt h 153/4 ds 144 to 144 drive pairs of ante

1&‘8&%?0/1&%% 1484 49lpgpnd hﬂzﬁéUéH%L?SPecﬂve'y which are
pid LA ran® dif8MbhaAd 8bdird RRPGEIhRIAcHBR s @drred.

Table 2 below shows output signals from the hybrids 144, to 1444. The splitter fractions
c1 etc. are necessarily scalar quantities, but terms in parenthesis in Table 2 column 4, -
e.g. (al.A+b1.B) and (a3.A - b3.B), are vector additions and subtractions. The phase
difference is imposed between Va and Vb as described earlier with reference to Figure 3
or 4, and vectors are indicated by characters in bold type. Moreover, as previously
described, resultants of vector additions (a1.A + b1.B), etc, between signals of equal
magnitude are all in phase with one another, and differ in phase by 90 degrees to all
vector subtractions (a3.A .- b3.B) etc. The vector subtractions are therefore all

automatically in quadrature with the vector additions.
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progressively nearer to an antenna centre 150 on which

each pair is centred. Table 2 bel ow shows out put
wak@salsof rom t he hybrids 144 to 144 . The spl PCT/6B2004/004586

fractions etc. are necessarily scalar quantities, but

terns in parenthesis in Table 2 colum 4, e.g.

(al. A+bl.B) and (a3.A - b3.B),8are vector additions

and subtractions. The phase difference is inposed

en Va and Vb as described earlier with reference
to Figure 3 or 4, and vectors are indicated by
characters in bold type. Mireover, as previously

dosghhbed| agulgants obuyget of additions G@kuAid

bEidRlent €t €, bet ween |si gnal' s of | equal magnitude are all

in phase Wth one other and/ differ in phase by 90
degrsees tD al hayect dr subiact | ons &1a(&1A+b1 B+ B).(a81AC-b3.B)

Thevector subtractions—arethereforeal

aut4zwst i cal | y 1444 quddr atsure Wi h th@ Mem9b1.B)+d2.(a3.A b3.B)
addr +1 AN 10 Tahl Ant anaa he Oy 1d ot

aaugl LITJI[D IU IaWC NI CTiTlTAa lly IIU Ut put \.AJL |~Jul

Si th8ad El ementl44,48UG 144S@®um cl. (alew(a@ I’b&bBﬁ ) #f1.(a2.A - b2.B)
(a3 A+ b3 By 14§05 t44Sumc2 (at A+ bt By

d214843. A { b3.1B) 148U4 134m Sum el. (&2 a&AHb%BB)Ha- (42.A (b2.B)

az. A - bzrls‘j 2803 144 SumeZ. [(aZ. A+ _I

(a248b12 bp. B) 14482 (144 Siitn g1| (a3. 901(@363”%%3)# Bl (alghy1b1.B)

- bI. B) 148Ul 144 [Sum gZ. (aZ.

1481851 143L1 4% Difff. g2Ma3. |+ bsg%iaz.-‘&ﬁ??(aif h,g-](z_aﬁA-st

T.B),148(2 144 DIfT. g1_(a3 ¥ b3.B) - -
bl?‘%“ms 3 1% Yo 11|, e2Pfa2. Al + b29%5a3:’b1*?.§’%§2€%(31"“b"B)

o3P 1abis 148 s o9 Gila v BTAoRRRER -1

g§1§L3148_6 144, D f 1. . (ak A + oL Beoy( aﬁj;«-i-(@%)AfoaZA b2.B)

The ﬁxnr9§73| ans_in the fourth colum of

aresdh the formpP +|Q whgre Qi s acyqssar i) -fi. a2.A -b2.B)

J]llmdr ature wt il a vector P _All Pvectors

Wi thggne anot hes, and al | p@ vectors @@ 1|m+ph®edwﬁu\ b3.B)

_onhe another Th_ﬂ\lf‘ n—therefor be witten-as—P <+ YO
TG AT TOoT =T O cCirrol O OT - T

VA
whess 6P ahd Q1a.u4e sclal ar pamgni { udes cofaiba aldeD-dE(agA b3.B)
‘IEE'IV’ all't CII |u. CI CIICIIt I48I\J16 D_= \42. (a{IL II_\\ Jr bl L)} ale Q

= d2.( a3.A - b3.B) (1) Witing P and Q for the
i n-phase and quadrature conponents of the voltage
supplied to
The expressions in the fourth column of Table 2 are of the form P + Q, where Q is a

vector in quadrature with a vector P. All P*vectors are in phase with one another and all
vectors are in phase with one another. They can therefore be written as P + jO, where P

and Q are scalar magnitudes of P and Q. E.g. for antenna element 148U6:

=c2.(al.A+b1.B)and Q@ = d2.( a3.A - b3.B) (1)

Writing P, and Q,, for the in-phase and quadrature components of the voltage supplied to
the nth upper and lower antenna elements 148Un and 148Ln (n = 1 to 6), the phase ¢,

of this voltage is given by:



the nth upper and | ower antenna el enents 148Un and

148Ln (n = 1 to 6), the phase f of this voltage is
w@ewsmn4dayt (2) 19 where Q is positive for ant enPEI/GB2004/004586

el ement 148Un in the upper half of the antenna 148 and

negati ve for antenna el enent 148Ln in the | ower half.

The scal ar nmagni tude V of t hel®th antenna el enent

voltage is given by: (3) Splitter ratios in this

ogi : ne. i
BEREE TR BR300 O B A g o 148
n¥§dilvage daestinBelismant 4e2hif theSonebhdN2a a2 0. 5000
-7.20dB a3 . 0000 -1.18dB bl 0.2500 -9.5dB 102b b2

0.5000 -7.2CdB b3 .0000 -1.1 8dB 142c .00'0 -3.0QdB c2

Th@864)ar Ba{iuiBe 14,25 tELNth QPR hna(IéMes vdlade BANEn Bl 00dB
142e el .0000 -3.0QdB 2 .0000 -3.00QdB 42f f1 .0000

-0.97dB :
v, =4/[p? +0?) 3)

Splitter ratios in this embodiment of the network 140 are shown in Table 3 below.

Table 3
Splitter Splitter Output Split Ratio
Voltage Decibels
al 0.2500 -9.5dB
102a
a2 0.5000 -7.20dB
a3 1.0000 -1.18dB
b1 0.2500 -9.5dB
102b .
b2 0.5000 -7.20dB
b3 1.0000 -1.18d8
.00 -3.00dB
142¢ cl 1.0000
c2 1.0000 -3.00dB
142d d1 1.0000 -0.97dB
d2 0.5000 -7.00dB
142e et : 1.0000 -3.00dB
e2 1.0000 -3.00dB
142f f1 1.0000 -0.97dB
f2 0.5000 .7.00dB
' : -3.00dB
142g g1 1.0000 00d
g2 1.0000 -3.00dB
. -0.97dB
142h h1 1.0000 97
h2 0.5000 -7.00dB
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f2 0.5000 -7.00GdB 142g . 0000 -3.0GdB . 0000 -3.0CdB

142h h 1. 0000 -0.97dB h2 0.5000 -7.0QdB20 Al
wa@omvsudaat i ons (e.g. ¢ 1.(al .A + bl.B) to sigpel/&B2004/004586

reaching the antenna el ements 148Ul to 148L6 from

i nputs 102a and 02b pass via the sane nunbers and

types of conponents; i.e. eacBOcontribution passes via

a path containing a three-way splitter, a hybrid, a

Aﬁ Y‘BntYIBlYtlo?\@' (bl 8H.(aRACL Re'B h}é@'gr@lﬁfé@oﬁmﬁ ite dnfAs @lements 148U1
her e i s no need f phase paddin

(o Bk inra. IpUte. TaRRIACoAED CRARBoRENTE CBMBoPHBEETS; 670 types o
c&h\l\%&%rn'tsng PRASE Bhirblfod Bagéefsf\ﬂé %nbatﬁ&fo'ﬁ%mlﬂ'@% hPSe- @fay splitter, a

[1Ttters in every path allows sp I|tt|n8 rati os
\¢

hyfaichedepaas: SPIPs ansties |hpzslprufl apfkadbiee PAISHUI$o uET%Ve s o need for
pﬁi&%‘:b%&gﬁ% (fém'p%]lgﬁtt%' F@blaﬁdlfuglﬁalaco‘hﬁ}idnfeh%r td @br‘r@ctnf@F difﬂsnng phase

excee : . hree-way splitters 106a and
siyfts imediffergnseathanghptisaef W PItERRI Nt USRS @é‘PWﬁtS@P%“Q ratios to be

nfbRErak tﬂ]ghs Hélbﬁ[ﬁ‘bb!:é’us%eés ;B%Q@l%@sl? ABSErbeaT 8 debitdIRé Tor a splitter ratio
means anpl it ud phase profile across antenna

n_@ﬂér@éﬁ@ %59@1 to 148L6. The design of the network 140
is synmmetrical with repeating blocks of functions, and

T S55exSw| PRI A06A 1 DOPFEIEAY TR AN 5 engr sk pgo-vay spliters

18bEIERES, 'pﬂm@ﬂl%ﬁ@é’t%e@é ’t‘éEérngieF@ thber’ meahe angdlitude or phase profile
splitters and

apRvs Apienag g}egwetrgs ﬂﬁ%Uh%@é}l?Gohe%ﬁ% L ye! Xféﬁg%ﬁ\&rf( 1ﬁ8 {s,gymmetrical
V\fi’tﬁrrébfeé{ﬂg Brbakdr & @ﬁcﬂlcﬁhsa angaéis i@@eﬁfgtbar@laﬁf/elsirda%? optimisation. 1t is

gnal s produced he network 140 fﬁ%mant

ala-spe%ém §d§91t8®i° t@kbfferawwerﬁwé IR ?ntafmt%ennas by changing

R hGPér éf4§pllttéﬁéeaﬁ‘cﬂ hosiidgs. oft RRRasativbly fiewrplitd8Uaviry regard to the
146L6 have been ignaored for convenl ence. Horizontal,

nyepey efantennd Seenisda e fERs T4 ch as 1 60, 2 and 164
i ndi cate in-phase conponents, quadrature conmponents

FRjifle 86tisialveait edipa®l SMRie %Wbrdﬂ@@éd}bﬁ the network 140 for antenna
respectively. Encircled nunerals such4§s at

clpriane Q4P 10 AR, oV grAPo S o7Ts g TBg Sl of phase
sBRERNNG61$] erenbes HASHbden @14&‘@'6 fbeszpmdmereby Horlzontal vertical and
Equi val ent vectors (not sh V\g%_ a? ve signals for
T AOBE BT S® T8BL 107 My B TP P CRRPPNTS, uacrature
chbhRoA&i8 AR addB] anenARleRinesnal vetadis Ngspetvely.e Ehticsidd numerals
arrow 2 extend downwards from hori zontal axes 8
1i i Pesitghogs at 166 indicate adjacent signal vectors are associated with antenna
elements 148U1 fo 148U6 respectively. Equivalent vectors (not shown) for drive signals
for antenna elements 148L1 to 148L6 in the lower half of the antenna 148 are obtainable
by making each vertical arrow 162 extend downwards from horizontal axes 168 instead of
upwards, i.e. producing respective mirror images of the signal vectors 164 by reflection in
the horizontal axes 168. Figure 8a shows that the network 140 produces antenna
element drive signals with correctly progressive phase across the antenna 148. Optimum
performance of the antenna 148 is obtained when a maximum tilt angle is selected
corresponding to the maximum allowable side lobe level when tilted. The splitter ratios

are then chosen to give a linear phase front for this maximum angle of tilt.

Figure 8b is a full vector diagram corresponding to Figure 8a but showing antenna
element drive signal vectors indicated by solid arrows such as 169 for the whole antenna
array 140.
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upwards, i.e. producing respective mrror imges of

the signal vectors 164 by reflection in the horizontal
wax@s/ 08801 Fi gure 8a shows that the network 140P@T/cBa@es04586

antenna el enment drive signals with correctly

progressi ve phase across the antenna 148. Optinmum

performance of the antenna 1481i s obt ai ned when a

maximumtilt angle is selected corresponding to the

maxi mum al | owabl e side | obe | evel when tilted. The

?eéltter rati os are then_chosen to give a |inear phase
Y PRW 1@ FiQUIREHd teuis-drigure Behews en griaggp@egh 18 ofa single 180
dfa%’eb HyBd 982 %a&o.ﬁgw ahd BSIRPME] 1 9wb @qhOMhSItEde DYitages Va and Vb

owi hg antenna el énent drive signal vectors 1ndicated
V\th’avpoa gt Pharenshif o & Betwaes WReE dhase vakroeas: argyobtained by

f 4Qur

g%m@%a\ﬁ té ggvn%g\é’n Lﬁ 1%54&@;2['1 i gqt Ri rﬁ 6w§ e%ﬁé?vﬁtages gt 186 and

pi%-mq e plihegresuling \@ltamtf@l@h amrl@biaalhaaﬁﬁhlfteud& The hybrid
[
s rhens G o P A A b i REERE St iigpete A and
Ba single voltage V at an input 184, splitting it into
two equal voltages at 186 and passi ng one of the
resulting voltages through a variabl e phase shifter
m, an f G

Fggﬁ%?bq% W&{SF dia %gﬁg%?ﬂ%r Eﬁ%%ﬁ\l ﬁgufb gllhgéngtlﬁczﬁ G, the IaBst two being
chaiglines. | %ecaue@o% ord Bi argreanplof-At hB amchma@ beAShOMBl as Bd” of a circle
2(90L '%vfﬁé}gls%é?’clré ci c"{’éBf ﬁ'ﬁé@rl IenSf \fe'?: (8 Al -@B%ﬂd&ﬁ@uﬁ@ngo‘equal and

are equa - Can e shovvn as rad
ogmoﬁecﬁhecfle@toz@&B wm rﬁ]co@otlv@y @rcrvm idiasneteinef nha@wcle 200, and by

E&h@ﬂ% %lametyregﬁﬂéﬁds"' rightBrAar FﬁﬁﬁtQ%nQﬁé@rcl@@ ch as an origin
i

opposite, the vectors + I'ectrvely provi
Qdi Hewever, 1be velgtorgiAd éndeEB jaim thepgrigje Ghrist re,%pactweaar@lsewf the +B/-B

dRiHRE &SNS 1 (/écgljan ﬂ+§|'£ma§\ Ephg'\‘r:%apr\fyh?taﬁ I%rbét\ggeﬁ' J{éﬁw gor 90 degree

such as an orig : ctor

r¢lgtiva thiaee @hlﬂgunemectles ptthe vadue ntitheofhaskalifid@en® ¢ between +A and
ianmeter, so the vectors A+B and A-B have a right

angl e between them (or 90 degree relative phase shift)
irrespective of the value of the phase difference f

FRfte$ %aa*\ﬁs ﬂ? T‘E refd élggrnaag?ﬂﬁal > )Q’+E té%dr.@ b¥if1hlge? vary as their

gni tudes o I'ne) vary
relglvatphase piffasanadi § rfsadgm:dmi from s1&ifeseesitd 0 tmﬂS(I)degreeS' A+B goes

. A+B | | :
SPRRITED T 1€ 100 iR oL Col BRI 43R Vet o . Fiowre 12
showhow the phiagieseof 12+B ramWSA{BJWHamehpd;i)ase&y af ¢ AsBidptkd from -180
cRrgre b Bhart i i peen FoRebl §5Eep 1AM gdrees, and A-B goes
iriegy &M 6 et o 20-18edegsss 1BRGOAIRreReSs ¢l hh@ltﬂéh élﬁrgﬁﬁ)pshlfts to -90

at f = -180 degrees to +90 degrees at f=0,
dggﬁeg%pp 9agq|ﬁg ’gryoyg}'l 0 @pd thereafter varies smoothly to O at q> +180 degrees.

The invention provides for control of electrical tilt is as follows. As has been said, the
drive signal to each antenna element 148U1 efc. in Figure 6 is a vector which can be
written as P + ]@,. VWWhen the phase difference between the input vectors A and B (or
voltages Va and Vb) is zero, i.e. ¢ = 0, the difference output A-B from all hybrids 110 etc.
is also zero, as shown in Figure 11. Thus when the antenna is not tilted the drive signals
to all antenna elements 148U1 etc. have the same phase, the 'untilted’ phase, and 0 =0
in P +jQO.
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degrees on passing through 0 and thereafter varies

snmoothly to O at f = + 0 degrees. The invention
w@e@siogsast f or control of electrical tilt is asP€DGBOWE/004586

As has been said, the drive signal to each antenna

el ement 148Ul etc. in Figure is a vector which can

be witten as P+ \Q . Wen't phase difference

bet ween the input vectors A and B (or voltages Va and

wwébl the ph&é@ dlfﬂeremcefbe‘ﬂmébn theeA dinfi fR vestos lourteaades Ad 11 shows that
aI I br | al so

the- Gffmence PiRuiSen Prdvaritemase e iR SU8 Qb cegrgase. The

vaﬁJGQBﬁQSthﬁéf@\Je'mcﬂé‘ééﬁéﬂﬂnl@'tﬁﬁﬁbé 01438&&%&18@8 W&%ﬁthta f;bﬁase angles of
sanme phase, the 'untilted phase, and

theyskie SignafhigsRachiantenna riemyrdtidedn 4 é’hﬁ(‘%end\ @?09@@?‘8?@ increasing
pHa%‘érf?@ﬁ” O‘ogé the 8RRHRa hdteri & dERiERIEPE BaOiPytbgrebsiosy smaller

s increase while the sum out puts decrease.

valgs fﬂallﬁléoroant@wawélem%\*% (¢ tic 43LEUBIGHT) [PEOTTRESIValY nearsy the centre
ng =& %i\%l or Pé%%gwéelp ?e}ﬁg a?ﬂ%{'}%lr ?’Sfoptan'{rqehﬁa g;fénx&tsc" (903 fBUs/148L6)

0 ‘ed etc
progagsieli fuethgr froor ’els@scenrgeplhm &50. r@rpropmﬁmssf Bhtenna drive power is

antenna el e C VI S l: ;
SRR G L o CPOFS P B b R THE i achieved by
aph48hHdta 48hAgciion of tresaitmes pf inedrybridd he0 etidce | i ne 150,

and progressively | arger values for P for antenna

T}H’Fe Ht ?éh? g%rétra?gs érjllcf' ﬂ‘f % (qugteg oYmSl g];tmr& Iﬂ?ﬁr\i/%rfggas antenna

rt oh o an
elpowats nmmh@ndftmeztthamehaﬁewlay betwaeheamentenea@enW$1§hown as a

doggeéf EVE‘? i 1ﬂ]8et(§o) ﬁ%@%nﬁgﬂ%@ﬂ?iﬁé Eth Efﬁ a‘f‘\ e% ¥24h \ghlle the other two
leftinost 'Hybsds n1H gnd51theecadnhawd Aﬁ@bdlffarezc@;fotﬂmsf"ex@”tanged" l.e.
co:{ﬁ\ga%gegdf ?]lél#hr gr g&ﬁ‘r f'\;gﬂc‘ldfﬁ%& ?ibt Ghla rgl: O@&ﬂ% 3’(%?% 14 or 110)

et ween an enna ce

© hybhriiAas oalt;:dm‘l’lﬁsiairam@nwrd nmvds @l- pm&setm\l\ibzzw&édz’@nt@nmnent) from

t he ant enna two | ef t npst
the TGO s G BV R APP TRV e @ GE PSP ace
"exchanged", i.e. connected to a fourth or sixth
hybrid 116 or 120 which receives the other ( 4 or 10)
FigMis e’ %Mrﬁuﬁl@bhasﬂﬁbfshﬁfﬂdaﬁﬂmﬁé OOMUIES cham@bagm 80 degrees

d%emc*ﬁé gﬁy rl’rggfngggqe glff)e@cgrgﬁ he - nlt [ gﬂ‘%g étgr? lgsposmve or

- ndd=ank. ThiseHsareshauwsa bhagedshe iass éro«nf eXiytbracebss the antenna whether

I fference o uts chan by 180 degrees dependi ng on
”\ﬁ"/lf"éitﬁ@?a Fﬁ@eaﬁgy@rd@?rfdg QW@@%etween the vectors A and

B is positive or negative. This ensures that a
ressive nt exi acr. .
TGRS B TBRETTED FPr Bt U Pl ol BRHGE They mav be
reﬂlﬁ:emmodlgmd%mé 'duaerdtmecingtirios witbsics additorusied®degree phase
ree brl ds. The 0_degree

S adp AL R PT Gl ORI BB s 5o St e

phase
The examples of the invention described with reference to Figures 3 to 12 were
discussed in terms of operation in transmission. However, all components are reversible
and those examples can also operate as receivers. Hybrids and phase shifters are

reversible, and splitters in reverse become recombiners as required in reception.



shifters to obtain the same overall functionality, but
this is less practical. The exanples of the invention
walemsoitaed with reference to Figures 3 to 12 WeCEGB2004/004586
di scussed in terns of operation in transm ssion.
However, all conponents are reversible and those
exanpl es can al so operate as r&kteivers. Hybrids and
phase shifters are reversible, and splitters in
%ﬁmﬁrse beconme reconbiners as required in reception. 23
alms 1. A phased array antenna systemwth
controll able electrical tilt including an antenna -
124)y Wi Ll e | epen 1 124L.3); ;
Brar doroy el fUBM B0l M G aichadttabtcd uPlinauaing an
(46) andenpg GLA%WIG rowBp!B sienng QeTaerESs Wi 24V \vigr 124bB8p characterised in

rel aty t b litti 106

ih XEthe ghet ween, b) splitting nmeans ( a,

106b) for gjbly%?ém %@)tﬁe basis signals into signal

conpéient sneens (Ablafy provigivgeivoc basiersidnats mian@rigbleorelative delay

14) for copyetddiNGerd he signal conponents into

transf or med conponents havi ng powers which vary as the

rel at)ve depléingy ardaes, (186d dPSpolerdividinghsebasis signals into signal

converti ngcggﬁa&%r§s6 to 120) for converting the

transforned conponénts into antenna el ement drive .

si gn&)s haphary iheewsr ednveringangarsr difdat Eh doret@rvering the signal

(e.g. 124U & enHa 6 v ; ;

progr essi vé%?bacﬁgss tﬁg?lgﬁ@%a& f”f%ﬁ) \%hw@mtgh%owers Whion vary as

ant enna ( 1fw)releg§vereley vaides. lepdt i | t ed and whi ch

i ndi yjdual ¢ h | I i Hing th

Syst o accbot ol BRea o I, EdrE, L8, PR for, fonverting the

phase to pbaesformrrl eonpegentsaiidoi antanfg welemenly dsive signals having

hybri d radj j [ . i {41614

(o 14) o BEes MGTEHy TP hietng BENERP (.o LT Ry dnfonna cloment

pairs of s(g@dr4danptauensivelyeaciospdne dndsrinag(1giyvdien the antenna

conmponent S, f4,QF ’ i ' 3 .

accordi ng {102 %?:I%alggﬁkqm%lﬁ/;{r”gegf %ﬁ@é@hi'ﬁd"t"ﬁ‘ﬁmf@&ﬁ&@% relatw? delay

to power cedNesxting neans is a plurality of 180 degree

hybrids ( 0 to 14) arranged to provide suns and

di fferences of pairs of signal conponents, each pair

havi ng\ spyfiem aerrsding es Claimni beiarederised & dwdl e Bhasg to power

SZIStr %éggfégtlﬁ{gﬁglt%ﬁsoisoaabmrgﬁt&r@r RAHRI k26 rdhdeld) RRBkhg devices
(“hybridsg) (110 to 114) arranged to provide sums and differences of pairs of

signal components, each pair having signal components from both basis signals.

3. A system according to Claim 1 characterised in that the phase to power converting
means is a plurality of 180 degree hybrids (110 to 114) arranged to provide sums
and differences of pairs of signal components, each pair having signal

cormponents from both basis signals.

4, A system according to Claim 3 characterised: in that each pair has signal
components of equal magnitude, but each pair's component magnitude is not

equal to that of another pair.

5. A system according to Claim 3 characterised in that the hybrids are first hybrids
(110 to 114) and the power to phase converting means incorporates a plurality of

second hybrids (116 to 120) arranged to generate antenna element drive signals.



conmponents of equal magnitude, but each pair's

conponent nmagnitude is not equal to that of another
WE2005/04801 A syst em according to O ai m 3 char acPE€r/GBe4/004586

in that the hybrids are first hybrids ( to 14) and the

power to phase converting neans incorporates a .

plurality of second hybrids (26 to 120) arranged to

generate antenna el enent drive signals.24 6. A system
sacconding.h %C&Br@fng 3 @Qlﬁ’f Q%Ech%‘?@ecﬂ ih {Hadthd &ﬁlttmg means is a first

splitting neans | I rst ting nmeans (106a,

106b)spah@g me@npdma t1@65haafé ﬂ@)ﬁ%@rt ionR1av8 o8 Vveriing greans (116 to

120) | de the

T2y 20 BB a GBI TR o PR b S anbet Lo

conp@nmstemd‘ diffefenpes lnt@ coRpoBREBHer RPBT iodhe(sesand fylrds (144, to

). syst em according to Claim6 characterised in

th t th first splitting means ( 06a, 106b) is

arranged to divide each of the basis signals into

7threg %}s@é?ﬁbc@&ﬂ’ﬂ@@@maﬁﬂ &chafacidifieam ﬂfé@ﬂfed‘lrﬁgspmﬂng means (106a,
Claim6 characterrsed in that the second splitti

meand 0B5) 1§ agRsed I19Vide Sesibokils DapP FEPERATD 1S sl componerts.

142h). 9. A system according to Claiml char acterised

inthat it is ar,ranged such t hat aeé:L ﬁ exterél ng

8 r omfbataM SCERAing P aiE B ANRECiERsRh R Y ﬁéﬁ‘f@ spiftling means is
Cont%iﬁluﬁah?&mmﬁ?%’pﬁfﬁsmcttd@%)ﬁ conmponents. 10.

A net hod of controlling electrical tilt of a phased

array antenna system (40) including an antenna (124)

Q\Mht h Angldteml agzoaftﬁ@ﬂﬁoealnﬁnﬁbhaaétﬁﬂéédllm tblaﬂﬁ4$.3)ranged such that all
chara er| ed.in cor por at

St ep ot ARG RGOS G100 G AR AT/ oLl the same
r el atijuntbetiehiay typbebehmhp@enis. b) splitting the basis

signals into signal conponents, c) converting the

signal components into transformed conponents havi ng

feowers mdthed of agontraking heeatidabttiiivel agirmged aariagsantamth dystem (40)

rvsh Al AN A R BT o o
agzamrﬁﬁmmn thet the M&Ab )ncobpoaaibetirastepseofent (e.
1

h 2
anterla ( 23ayang Vg beds ORRR) MR RGP 2Rah @'me@ﬁeen
[ nd|h \b)dualslpytémgltbe lessid bignale irad sigealdehgpneais) es.
met hod accor di

&) i i mpl GHERLEY tﬁ%%@“lainc(érf}laﬁ’rrog%ms)}h%f 9’% olnliaf 53"@8@1%’[8 having

14) arr angetverowhichwiateasingselativk dBldyf mr'@escecsnd of
d) converting the transformed components into antenna element drive signais
having phases which vary from antenna element (e.g. 124U1) to antenna
element (e.g. 124U2) progressively across the antenna (124) when the
antenna (124) is electrically tilted and which individually vary as the relative

delay varies.

11. A method according to Claim 10 characterised in that step c) is implemented using
a plurality of hybrids (110 to 114) arranged to provide sums and differences of
pairs of signal components, each pair having signal components from both basis

signals.

12. A method according to Claim 10 characterised in that step ¢) is implemented using

a plurality of 180 degree hybrids (110 to 114) arranged to provide sums and



pairs of signal conponents, each pair having signal
conponents fromboth basis signals. 12. A nethod

wW@ewsndi4ng to C aim 10 characterised in that SPEPGBR0HDH04586
i npl enented using a plurality of 180 degree hybrids (
O to 14) arranged to provi dee%urrs and25 differences of
pai rs of signal conponents, ch pair having signal
conmponents from both basis signals. 13. A nethod
ﬁCCOGiﬁémlcésD oﬂpairénol%ighfbabmpclmein&ectabh dafiratavirac bigpali components
as signa onponents of equal magnitude, but each .
pai rﬁ%'%@&%g?’%ng?'gﬁ’glanitude is not equal to that of
anot her pair. 14. A method according to Claim 12

haracterised in.th ri . i i ds; :
tng & g e ahe PR HerhiRaRiRed I by KELERg fpo sione
hybr eslapgndnts b2 @pualr maggiediet buyeaer aaE’st trenmpomeshnegnitude is not
el enent_.drjVv ignals. .15. A nethod according to Caim
14 Cﬁ%qaégqﬂ'\a?ge%{%ﬂﬁertqggt splitting in step b) is a
first splitting and a second splitting is inplenmented
in s t Vi . dif. i . .
o oibAr 82 PR SHE A el AT b are first ybrcs
120) and GiepAdires himgleamsntedd isigg teo pOiralitynof echad aiybddd $E$ to 120)
inth f] i fLi [, V] : f the basis
Si gngﬁéné%ﬁg dtehgl;eaégmeg%%%m%oﬁn%%%@%?gsg%g?@A nmet hod
according to Claim 15 characterised in that the second
pl iyt ' [ d . i . . , ,
182! BBa B BG4 RS bebapik A g ) s
pat hsplétingeanti agecpodnspiingissmglemented i SRR ) o diifeeiiasums and
el e i : r
) ypggﬁ’%?er%%%@g% g%@g&@e%&or Gt R tRe SBGrRABrAY (R8s 1261
16. A method according to Claim 15 characterised in that the first splitting divides

* each of the basis signals into three signal components.

17. A method according to Claim 15 characterised in that the second splitting is a

plurality of two-way spilits.

18. A method according to Claim 10 characterised in that all paths extending from
basis signal provision to antenna elements (124U1 to 124L3) contain the same

numbers and types of components.



