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WD 2004/ 102739 PCT/ GB2004/ 002016 1 Phased Array
Ant enna Systemw th Adjustable Electrical Tilt The
w@e@gam73d nvention relates to' a phased array BOL/6BR@4/002016
systemwi th adjustable electrical tilt. It is
suitable for use in many areas of tel econmunications
but finds particular application in cellular nobile
radio 5 networks, conmonly referred to as mobil e
t el ephone networks. More specifically, but w thout
limtation, the antenna system of the invention may
Phased ederny tAneemarsygemewathi AdjustéhleBlickgcileT#phone
net wor ks such as the GSM system and third generation
(3G nobile tel ephone networks such as the Universa

bi I S )
Eses, SRV RRAe R PER Tov R hipatds SRAGS. Aty ayspem with
‘ - slat - h of whjah.h
SRS PRBA R B a0l BR' Gy arcas of
t@l’é&@ﬁﬁﬁﬁn%ﬁi(ﬁlsobhﬁﬁhﬂs ‘;Itfhﬁ'ﬁi@{lldr”a AW iR EPVBARERbile radio
ar ea I N | C conmmuni C lon to the base station can

neflrorid acoOmIRLY O¥TeAdd tor a8 nfolibd etedépiont VastSebrks. More
into a nunber of” overlapping cells, each ‘associated 15

spetificallyg mackitheuahingitawon ahe Hesanstsystan. of ihe @ekhsion may
are also generally divided into sectors to increase
behesecbwitinseednd generwna@(y) Thebidw telephont medviorks such as the
sector is connected to a base . station for radio
(ESrsystean; and thid geénerafion @ Giohidtdle talepkone nefrrorks such as
sector. Base stations are interconnected by other

the dhsiversal dviobilecBelephone System (B8VIES X o- poi nt 20

radio links or fixed land-1ines, allow ng nobile

radi os throughout the cell coverage area to

@géﬁﬁ?}'sc dfecamilar aRebBilet ARfio dfetdiksagembtallyt Renpled! tieeir own -

t'el ephone network outside the cellular nobile radi 0

bagtV@stion§ebhc dF WhARiH has afli leasiebnerdeieithi Cin Wseellular mobile
phased array antennas are known: such an antenna

rediphesesrignther adynhass aed hgar'ﬁinahj? factoranejefimidicva doakrage area
WO 2004/ 102739 PCT/ GB2004/ 002016

in which communication to the base station can take place. The coverage
area is generally divided into a number of overlapping cells, each associated
with a respective antenna and base station. The cells are also generally

divided into sectors to increase the communications coverage.

The antenna of each sector is connected to a base station for radio
communication with all of the mobile radios in that sector. Base stations are
interconnected by other means of communication, usually point-to-point
radio links or fixed land-lines, allowing mobile radios throughout the cell
coverage area to communicate with each other as well as with the public

telephone network outside the cellular mobile radio network.

Cellular mobile radio networks which use phased array antennas are known:

such an antenna comprises an array (usually eight or more) individual
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2 antenna el enments such as di poles or patches. The
antenna has a radiation pattern consisting of a main

wo olpe/16a789 si del obes. The centre of the mai n | oPET/GB2004/002016

the antenna's direction of maxi numsensitivity, i.e.
the direction of its main radiation beam It is a
wel | known property of a phased array antenna 5 that
if signals received by antenn# el ements are del ayed by
a delay which varies linearly wth distance from an
edge of .the array, then the antenna [n radiation

aemns slemenis §uchvas dipelss o patahesn 1dic iandennasibag a radiation
del ay. The .. angl.e between main .radi.ati beam centres .
BB oS 6 % BEBh dahe Hoq. Sidelapesa e Samrs of the main lobe

f steer

Bl anlerfc OB b G SRS B Bycton o s

TG iRl B oA T8, EORT ka9l R bbb lof A3ME amay antenna
i f .
et & ?ﬁﬁ@%&%ﬁ&@ﬂ??ﬁ@éﬁﬁé&%@gﬁﬁ“ AL LN Bk delay which
Phfkific s tifh 8iS e TomR &l of URTRAGT, t1 Bre antenna main
thdiAGR thnk 8 ABERMowaRe MO drditdhasTeth@bading delay. The

antennas in cellular nobile radi o networks have a

gy ibegwReh iR dhdiitichbeampoéipeReornegpbhdilg to zero and non-
radi ation pattern, i.e. the pattern' s cross-section

zgrotveriateon i alelay,ane. thehargle fngtees stopenids @il tlee rateeof change
vertical angle of the antenna's nmain beam also known

aisdelay withldiStanice amrdss ti20atray.adj ust t he coverage area

of the antenna. Such adjustnent may be required, for

exanpl e, to conpensate for change in cellular network

A pe BB Lo LabRaRrihy R Rin S5 S fase, hence the
éﬁﬁ%@lbﬁ?ﬂ@éeﬁ%ﬁﬁ@hé il Board ¥ tAedhtbinh Wastddl kin therefore
or in conbination. W 2004/ 102739 PCT/ GB2004/ 002016

Be altered by adjusting the phase relationship between signals fed to different
antenna elements. This allows the beam to be steered to modify the coverage

area of the antenna.

Operators of phased array anterinas in cellular mobile radio networks have a
requirement to adjust their antennas’ vertical radiation pattern, i.e. the -
pattern’s cross-section in the vertical plane. This is necessary to alter the
vertical angle of the antenna's main beém, also known as the “tilt”, in order
to adjust the coverage area of the antenna. Such adjustment may be required,
for example, to compensate for change in cellular network structure or
number of base stations or antennas. Adjustment of antenna angle of tilt is
known both mechanically and electrically, and both individually or in

combination.
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Antenna angle of tilt may be adjusted nmechanically by
nmovi ng antenna elenents or their housing (radone): it

wo g00na628 ed to as adjusting the angle of " neR¢tEHGBZ@H/002016

tilt". As described earlier, antenna angle of tilt may
be adjusted electrically by changing tine delay or
phase of signals fed to or regeived 5 from each
antenna array el ement (or grogb of elements) w thout
physi cal novenent: this is referred to as adjusting

AGFROREaBLorcHChH T s BRRESEILELS moving anemna
oD of t@‘%/lgﬁﬁtd’%%lail%ﬁra%&atl P ar Brfesehipdl VR@% aflfifsfhe the angle of
BGePRLERL AL AR Rexele 0 ke 0 e s

P S A R e e —
f2b8] eheh 4‘5@%‘1‘%&1%7[‘59‘@1&%%% Tor ! gg €of TBIBHeRt® without physical

vicinity o e antenna ese irements are
Mbieldnt; GR8HS teTeired: tof & a%?@@ﬁﬁg‘fthe'aﬁgﬂ@@? "‘Bkdtﬁ@al 115
boresi ght gain may increase the |l evel of the sid
| obes. A first upper S|de IobeIeveI relatlvetothe

@@m A0 oo SRR BB B Sy BRI BBy Antenna's
aL?aecﬁﬁESM%%%%f(‘ﬁ%ﬁ’ﬁh%% il A

the bor esi ﬂht so that it points either: above or
bel olv t Heighonairolabel (qrkoresight) gainghanges t he cover age
area of the antenna. It is desirable to be able to

varyyp, bOtdﬁfﬁrﬁ% i eF@Be ldvel s ﬂqcfe'ﬂ fl(ﬁ)@ 6 la&dlid ‘ilhﬂeirference

of an ant enna [ ar ra I 0 basé station: this

al | ows ngydnbiles lsgig Q'Ha‘sb)état[br?ﬁi aralﬂ%&emncal of @letwork;
sector coverage, since these forns of til have

on ofherd SN 98 3004190 %&%@ftﬁ&%@ﬁ”‘j :Bisdiikolons

in the stat mmmc%tilénﬂ% ?;'1 ﬂgee ithhfldihde vickRlky B the antenna.

operat1 om

These requirements are mutually conflicting: for example, increasing the
boresight gain may increase the level of the side lobes. A first upper side
lobe level, relative to the boresight level, of -18dB has been found to provide

a convenient compromise in overall system performance.

The effect of adjusting either the angle of mechanical tilt or the angle of
electrical tilt is to reposition the boresight so that it points either above or

below the horizontal plane, which changes the coverage area of the antenna.

It is desirable to be able to vary both the mechanical tilt and the electrical tilt
of an antenna of a cellular radio base station: this allows maximum
flexibility in optimisation of cell or sector coverage, since these forms of tilt

have different effects on antenna ground coverage and also on other antennas
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inmproved if the angle of electrical tilt can be
adjusted renotely fromthe antenna assenbly. Wereas

waeooanexssma' s angl e of nechanical tilt may be PeHGB2i0a€02016

by repositioning its radone, changing its angle of
electrical tilt 5 requires additional electronic
circuitry which increases antenna cost and

conpl exity. Mreover, if a single antenna is shared
bet ween a nunber of operators it is preferable to

1533 & oAt f‘mqm% g avanitn ﬂ%&é&éﬁibp&%@aﬁ? efficiency is
bl e el 28 PSR EDTR: Sussd, R from the

eﬁﬁ%ﬁﬁ &b J?:,ur Wﬁ%reagdzﬂlctah? 40 af%fé oF ﬂl%EﬁQﬁﬂEﬂ' Ccﬁt may be

may a SO OCC al n decreases as a consequenc

B P TRMERAEAS Sty AOSHBIT i
féggl%%o l’é\dd?t‘i%ﬁde SonidtE M Mh chlﬁxdréﬁ%so a.nt&?na cost and

Figure 20-2-di scl oses a net hod

?né;m y OMGRRREE| ¥ acblﬂgld At RNGhgredf betveséﬂ laC ﬁhmber of
of a phased array anfenna. In this nethod

.dsp@ha@oxfsc eruepefefddie thrposidd tharincdavidual a$1lgfk’ﬂ®|f alscﬁrﬁdﬂ tilt for

to the antenna and distributed to the antenna's
e¢auhi aperagor| enents. Each antenna el ement has a

vari abl e phase shifter associated with it so that
si gnal phase 20 can be. adjusted as a function of

Phe L f(gfélg ?ﬁ%\gﬁu %IFQ@%# ngl%g{lé’altﬂﬁ fr@ﬁf Waré&d antenna has

angle o ribution o power

gé‘rtfimndt' He%ﬁ RERPHds qReHIte g FWblﬁl@@s in  system

obe | eve boreS|ght gal n. contr ol

fbh®anes! Fuﬂ:hef tédudtﬁ)rf%kihady%@éin%lﬁ*ﬁofd‘iﬁnwﬁ%f AlseNdccur if the

is controlle angles of tilt so that the side

@medb@redsess a@Ozi ddméqaémb ofethet fehiniidiie radogpeed 26 change the
he angle of electrical tilt can be adjusted renotely,

aﬁglreﬁﬁﬁjeleemcdmﬂu& ng a servo-nechanismto control
the position of the phase shifters. WO 2004/ 102739
PCT/ GB2004/ 002016 5

R. C. Johnson, Antenna Engineers Handbook, 3rd Ed 1993, McGraw Hill,
ISBN 0 - 07 - 032381 - X, Ch 20, Figure 20-2 discloses a method fdr locally
or remotely adjusting the a.ngle of electrical tilt of a phased array antenna. In
this method, a radio frequency (RF) transmitter carrier signal is fed to the
antenna and distributed to the antenna’s radiating elements. Each antenna
element has a variable phase shifter associated with it so that signal phase
ca{n be. adjusted as a function of distance across the antenna to vary the
antenna’s angle of electrical tilt. The distribution of power when not tilted is
proportioned so as to set the.side lobe level and boresight gain. Optimum
control of the éngle of tilt is obtained 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 position of the phase shifters.
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This prior art nethod antenna has a nunber of
di sadvantages. A variable phase shifter is required

w0 2004802838y ant enna el ement. The cost of the anP@nNGB2004502016
hi gh due to the nunber of such phase shifters
required. Cost may be reduced by using a single
common del ay devi ce or phase 2$ifter for a group 5 of
antenna el enments instead of p el enent, but this
|ncreases the side |lobe Ilevel. See for exanple

'8'%%3?’1 g Jéﬁgﬁ%@z Bg?%ﬁﬁ%caiéﬁ%@b Vigiages. A variable
AR SEALSE i TR i S 8 s
el BuECHd Tk Aot o Shehire: bt R eBiRAE Gost may be
rgﬁﬁ{:&??agéu%m%ﬁa sﬂ?ﬁel @’r ndd QLR &évw@{lgrﬂ? %ﬁ% ﬁﬁtffe?%r a group

hus causi source

(fii t'he%%r dIBHRIRS 1h e‘é{ﬁb(bdﬂ Eér H‘félﬁénrgtﬂiﬁrt $fciehatd 8RS side lobe

€ antenna IS share er of operators,

Tehel. oseeatef Seﬂiﬁp agl?oﬁsm&ﬂ%ﬁbﬁa?@ﬁe@ﬁt Aﬁﬂicaﬁon No.
tilt instead of dif ent -angles which is preferabl

WOY3/036T561AR addt Ripadecss Pifent Yespli Catiors NGUIHA0U ] 1@151025 A.
system havi ng up-1ink and down-Ilink at different
frequenci es (frequency division duplex system, the

]gﬂ???hlgpg({ﬁlel ﬁlgpﬂﬁg@f d%!@lf géxgﬁc\gérrﬁ&?et%&gﬁﬁo iagjrust delays, but it is

GEROHRNYd %Pse@gﬁ@?ﬁy Fn({l{e r na tﬁi@ﬁ?&b 2 ks and gears result in

pr OCGSSI ng components ‘i'ona

30087 T SRR R0 s e, ope el icrss

WHEHSHE Qn‘EEhrﬁtnise R doWEh ArdRf tﬁh@féddsﬁ?g at 'ﬁofterﬂi{al source of

means of a difference in phase between a pair  of

itafeteriRe@SnfoHRRCidflgtsthehBagd kenivhs. IIf the adtertl &cthared by
of the present inventi on to provide an alternative

4 aumsdr oﬁbg@fe&ioﬁéf rthy cpeietons tisets hatve A\Eb2H0EN BARTSSf electrical
PCT/ GB2004/ 002016 6 The present invention provides a

tihaisetbadr ofviffetamrangdys tvelmichi ishpreferable. Finally, if the antenna is

s

used in a communications system having up-link and down-link at different
frequencies (frequency division duplex system), the angle of electrical tilt in
transmit mode is' different from that in receive mode because of frequency

dependence of properties of signal processing components.

International  Patent Application Nos. PCT/GB2002/004166 and
PCT/GB2002/004930 describe locally or remotely adjusting an antenna’s
angle of electrical tilt by means of a difference in phase between a pair of

signal feeds connected to the antenna.

It is an object of the present invention to provide an alternative form of

phased array antenna system.
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adj ustable electrical tilt and conprising an array of

antenna el enents characterised in that the system

0 paen@mysat es: a) a vari abl e phase shifter forPCT/GB2004/002016

introducing a variable relative phase shift 5 between

first and second RF signals, b) splitting apparatus

for dividing the relatively phase shifted first and

second signals into component &ignals, and ¢) a signa

conmbi ni ng network for form ng vectorial conbinations

of the conponent signals to provide a respective )

Thev preseghalnyentien cprovidesi guahased amasnmnteneaesystem with
i relatjyve to other drive

igniatlt soenasad, HRcanth o @mprisie & | RHAY: Of SgferRe clements
AL T e 24 R o W

4fe R e RS i o e sl SRl RTaiPe ghase shife
phdiesveEn FiSs 488 B BhA e Y000 Y a0 & Phace. ahi fter

BE SpREAE PSR 0L AR, SheoIBROR HHIRR! Siftt frst and
Shiseb6hd sfhfald 3t cihpoRtheSHied1d,ange of el ectri cal

tilt can tal ned. “"The ant'enna system may have an

eyd sisercathbatinennstveb & EsE Forrhiver R tydal @binsbiplagieas of the
F

shifter may be a Tirst variable phase shifter, the-

sy fognponéi Si%hm to pesdde avespedtive grizeeighall foareach individual
arranged to phase shift a conponent signal which has
beemtoiis elarheht evithapprepfiates phasingatelatipbdseother drive signals
shifter, and the second variabl e phase shifter

pr cuichi thgt shé anighe of cdeptoioah tilt of ghalarcay puadjustableein response
si gnal conbi ni ng and phase_ shifting network either 25 .

di rtecalteraten\afatheneardableuetatss phaser shifk inippdugadhby the variable
shifter combinati ons. WO 2004/ 102739 PCT/ GB2004/ 002016

7 Thaseshitier.e phase shifter may be one of a plurality

of vari abl e phase

The invention provides the advantage that it is possible to adjust electrical
tilt for the whole array using only a single variable phase shifter, instead of
vone variable phase shifter per antenna element or group of antenna elements
as in the prior art. If one or more additional phase shifters are used, an

extended range of electrical tilt can be obtained.

The antenna system may have an odd number of antenna elements. The
variable phase -shifter may be a first variable phase shifter, the system
including a second variable phase shifter arranged to phase shift a
component signal which has been phase shifted by the first variable phasé
shifter, and the second variable phase shifter providing a further component
signal output for the signal combining and phase shifting network either

directly or via one or more splitter/variable phase shifter combinations.
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shifters, the signal phase shifting and conbi ni ng
network being arranged to produce antenna el enent

waleiwgossgnal s from conponent signals sonme of PENGBR004/002016

have passed through all the variable phase shifters
and sonme of which 5 have not. The splitting apparatus
may be arranged to divide a cqnponent signal into
further conponent signals for ‘input to the si gna

phase shlftlng and conbi ning network. ' The signa

ﬁﬂ? ? ‘?@i lfgtn'g ; é?iaﬁ%o”baj'a?l:x?@e (S0 rotd BlretiR,0f PARMle phase

Eﬁ »g! e%ri% ﬁ@Bﬁg %ﬁ@ngﬁ%&iggn{g&ggq%g%ﬁ&gg gfeﬁ‘%larranged to
@@%ﬁ??{lﬁ?@%ﬁgﬁeﬁ%?&ﬁ’% 0. i S BB 5 8 som of
\\S\/ﬁféﬁ Rhde ?&gséd‘ﬂ% %%a? pRase §ﬁff?ér§ %@’s@ihé of which

eren | nteg r an wavel ength of the
Bveshepal s in material of which each ring hybrid is 15
constructed. The input and output ports of each hybrid

are mat ched to the systeminpedance. The hybrids for

%ﬁr’j&gl lggaﬁcﬂ%r{géﬁslt n tﬂe CO%F&Q{ ?q flslg agsz’canﬁﬁgggnt signal into
for e‘)frlé‘)soumnﬁ%n@r‘ﬂ %é%‘ﬁ P imgfhr B B hikhdf Bfdsgd Sfifiing and
fﬁ@ﬂn\ﬂ,&ffi&%ﬁ@% & 3iendledse {lﬂ%ﬁh Ehélrﬁf;gggﬁi{gﬁig‘ nBBwork may

Wg@lﬁetﬁﬁﬂ@r@ﬁﬁﬁ dt&ﬁl éﬁe@%cﬂgvfdig Rase shifting and

I nput power renote SO rce:

f#&%ﬁm S \@binine &Rl 'cb @ﬁp@fgafa% Mhe Reeidonate be 180

rst second and third I|tters the first
S@%ﬂe‘eﬁ?ﬁbﬁ&é Ndséb ‘k‘fl@ﬁzﬂﬂ aWsh'i‘n—tahG diférehte RRBriasthe hybrids may

hffter’ renotely fromthe second and third splitters,

b oIREUREP Y M%Zﬁ%cﬂsoéic%’ Wi/ EFRARRfeeA20 ka+182)A and input

third sputters, e “signal phase shifting and

SRACHME PEHYOCsdpaRAEd B A/4, where n is an integer and A is the

wavelength of the RF signals in material of which each ring hybrid is

constructed. The input and output ports of each hybrid are matched to the

system impedance.

The hybrids for vectorially combining the component signals may be
designed to convert input signals I1 and I2 into vector sums and differences
other than (I1+ I2) and (I1- I2).

The splitting apparatus, variable phase shifter, and the signal phase shifting
and combining network may be co-located with the antenna array to form an
antenna assembly, the assembly having a single RF input power feeder from

a remote source. Alternatively, the splitting apparatus may incorporate first,

second and third splitters, the first splitter being located with the variable

phase shifter remotely from the second and third splitters, the second and
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antenna array being co-located as an antenna assenbly,
and the assenbly having dual RF input power feeders

w0 e@aiiee78enot € source at which the first spliPCEGBaWd/002016

vari abl e phase shifter are |l ocated. 5 The vari abl e
phase shifter may be a first variable phase shifter
connected in a transmt channel, the system i ncl udi ng
a second vari abl e phase shift connected in a
recei ve channel : there may be simlar transn1t and

R sPPuisrs Brmcuslil bhisd it T SRasnghg RRYE and. the
Aente ?ﬁ?%ﬁ@%%ﬁet mle%%%fa?i”%ﬁ%&%nﬁ%s%gﬁﬁ%% e assembly
R R T L e SRls et PO Fabhela®hBich the firs
SRR Babld POMSIAREL SrdRushoped by ant enna

ments o era recelrve mno The angl e of
eIectrlcaI tilt is then independently adjustable in
5 The, vari abl e phase shlfter may b

ach rm
ﬁhe VaFIR) ﬂ@ plliaase shiftesgnay peas Brshyanieble phaseshitiendo eonnected ina
W th respectiyve operators, the s i ncl .
e chanpgl.” dihsmatas gﬁﬁgaa}&sa PtongL ARiatds oplagss shifter
nal feed arat us_ . aft.er.

h
SRt o rBefing: ey PEeohiitabE SRIAT RERsmt and receive

e'i's ig%&g%]&gafﬁgdaﬁggg §ﬂ§ﬁ§ﬂh§%ﬁ§° fﬁfgargagﬂénghase shift: the
ﬂgﬁ ?gé%tﬁ%%ﬁm?éﬁ‘?ﬁ%ﬁé PR 1% e Arsaletd Jp operate in
%&?c;f/?éééiv ésaﬂ&?ﬁgpt Eidd idd Shtentl éﬂ'ememednve S1gna1s

ura ariab ase may conprise a

1he§@§53ﬂs\ée t@aé,lgnﬂlfs i %hé aRhRsiiaeRhafhklst ﬁhﬁ prs@diaLed receive

wi t h “each operator, and the systemmy have
cimelesichalVirem RaMRId AV dlopadrisy afittehRY eslemenitd Gherating in
processing 25 capabilities such that the systemis

1epeiad hnwadd. 'The angle of elettriegketilteisnbdasindepthdently ad]us’[able in
i ndependent|y adjustable electrical tilt in each

aoh20e1 02739 PCT/ GB2004/ 002016 9

et

The variable phase shifter may be one of a plurality of variable phase shifters
associated with respective operators, and the system includes filtering and
combining apparatus for routing signals on to common signal feed apparatus
after phase shifting in respective variable phase shifters, the common signal
feed apparatus being connected to splitting apparatus and a signal combining
and phase shifting network for providing signals to the antenna containing
contributions from both operators with independently adjustable electrical
tilt. The plurality of variable phase shifters may comprise a respective pair of
variable phase shifters associated with each operator, and the system may
have components which have both forward and reverse signal processing
capabilities such that the system is operative in transmit and receive modes

with independently adjustable electrical tilt in each mode.
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In anot her aspect, the present invention provides a

nmet hod of adjusting the electrical tilt of a phased
W@eeagtoxase enna system the systemincl udi ng anP@r/Ga004/002016

of antenna el ements, characterised in that the nethod

I ncorporates: a) introducing a variable relative phase

shift between first and secong RF 5 signals, S b)

dividing the relatively phase“shifted first and second

signals into conponent signals, and c) vectorially

Igio%}bﬁ% I§P BQ%,, gﬁé ‘&tgie\g/%{ ( gﬁﬁgnﬁﬁo&é&@f J&E:tﬁﬁ?&{opgng&jhsting the
cTiPint i o Binhaif ArtniioBe S93Rm e GIEE itiding an array
et FlerEnfe S et i (58 o bdtpl, HPOraKs: S

agfirgf(%d'lfciﬁggﬁ evaﬂ‘étﬁgét?gﬁfveapﬁg%e TRy St crn fidét AvdRRond RF

ntenna®el emen e ne may i ncl ude generating

at Silggggﬁ_ one conponent signal which 15 has undergone
phase shifting in a plurality of variable phase

Bhifvigige &e rdlaiiay mkasshitdd tara may becoadgedgnals into

t’he net iod i ncludi ng”produci ng antenna el enent drive

Si g8alvorien® &t omedht signals some of which have

passed through all the variable phase shifters and )

c?ovea@friam conitdumgnand relBtiwelye phase shiftingcthedzomponent signals
ividing a conponent signal into further 20 conponent

si gmpreviderto prmtide @ tespectiyndtivpragealsfarfedahgingividual antenna

conbining network. It may enpl oy phase shifters, anq(i

hy blement writlp kppropsatetphaging delatizet tor pther ydwvasignaly such that

t he conponent sjignals. The hybrids may be, 18 degr ee

hybhe danglehed elegtmealr tikly ofy Bie AITRY 11§ & 11&11%91& é‘%c?éesponse to

(n+l/2)x, and, input_and qQutput poyts separated by

X/ A,Item&@og the V&ﬁlami)lﬁ E‘g@?"%ﬁ’g‘ag ?gﬂ?he 25 wavel ength

of the RF signals in material of which each ring

hybrid is WD 2004/102739 PCT/ GB2004/ 002016 10

The array may have an odd number of antenna elements.

The method may include generating at least one component signai which
has undergone phase shifting in a plurality of variable phase shifters. The
variable phase shifters may be ganged, the method including producing
antenna element drive signals from component signals some of which have

- passed through all the variable phase shifters and some of which have not.

The method may include dividing a component signal into further
component signals for input to the signal phase shifting and combining
network. It may employ phase shifters and hybrids for phase shifting and
vectorially combining the component signals. The hybrids may be 130
degree hybrids. They may be ring hybrids with circumference (n+1/2)A and
input and output ports separated by A/4, where n is an integer and A is the

wavelength of the RF signals in material of which each ring hybrid is
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constructed. The splitting apparatus may al so
i ncorporate such ring hybrids, one port of each

wgisnitek7B®ei ng term nated in a resistor equal | PCT/GBA®4/002016

to the systeminpedance to forma matched | oad. The
hybrids for vectorially conbining the conponent
signals may be 5 designed to,convert input signals 11
and 12 into vector sums and di'Fferences other than
(11+12) and (11-12). The nethod may include feeding a

single RE input _si.gnal froma remte ., source for ) )

IS qwg-, THE spaiide (FHRRAEARYS Ry R]SAABCORATGEG Anch ring hybrids,

combi ni ng in ne rk co-located with.the antenna

G 29T BE P bPiich (e 1SeiiiRg /4 rysiiE, Squal 1h value to the
rnatively inc e _feedingt RF i nput signals

%#ﬁnk}iﬁ}?%%eptﬂa@g& ?éﬁ%\?h\?g 1f’%&one another froma

renote source to an antenna assenbly and splitting,

fhase shifting and conbining signals in a network

be| bybrida $or vectedallpit eambiningythel comporens] sygnals may be

transmt and receive channels for _qperation in both

dosagned fo seavescup sigaals, Ilpandi b2 itat xpewrwas andndifferences
drive sigpals 15 ipn response to a signal in the

Qther than %ﬂhﬂéﬁ@@ @illtﬁ;r oduci ng a receive channel

signal from signals devel oped by antenna el enents

operating in receive node. The variabl e phase shifter

Thy ethotd mdy anpludeafeddingf a \simglebRE pinguste sedridlt &#om a remote
associated wWith respective operators, and the nethod _
sorce ndrusiglitting, ayafiablee phage shiftingrandi mgciriplateminmting in a
passing themto common signal feed apparatus after
netseekseofocaigdi withethse enlopaavanrapibelgynasa shienmer assembly. It
the comon signal feed apparatus being _connected to

may dematively anelade: teeding dwonREsingnl sigaalsi wilthy varigble phase
phase shifting netwark; b) providing signals to the

r&i%ﬁ% 40k @mm?h@tm@mmra BEMQASR SOMERn teof antsnna assembly and
oper.ators; anﬂ.%\o 2004/ 102739 PCT/ G32004/ 00201 1].1 .
splitting, phase shifting and combining signals 1 a network co-located with
the antenna array. It may employ transmit and receive channels for operation
in both transmit and receive modes, producing antenna element drive signals
in response to a signal in the transmit channels and producing a receive
channel signal from signals developed by antenna elements operating in

receive mode.

The variable phase shifter may be one of a plurality of variable phase shifters

associated with respective operators, and the method may include:

a) filtering and combining signals and passing them to common signal feed
apparatus after phase shifting in respective variable phase shifters, the
common signal feed apparatus being connected to the splitting apparatus

and the sighal combining and phase shifting network;

b) providing signals to the antenna containing contributions from both

operators; and
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c) independently adjusting electrical tilt associated
Wi th each operator. The plurality of variable phase

W@ boofit1e2739 may conpri se a respective pair of vBCT/G@BR@4/002016

phase shifters associated with each operator; the

met hod may enpl oy conponents which have both forward
and reverse signal processing capabilities, and the
nmet hod may include operating i'h transmt- and receive
nodes with i ndependently adjustable electrical tilt in

ach node, In order, that the invention night be nore
¢ unm@enmmgﬁo%}lsaag Srotaicak tilt W@&ftea}thflﬁa@hweraton

descri bed, by way of exanple only, with reference to

the acconpanying drawi ngs, in which: 10 Figure 1
Thewplhaaliey iofcedrialsldi pliasensipidtdre rpay \ddhpotke aa pbsmentive pair of
array antenna with zero and non-zero angl es of

eiregblei phiase i $hifteFs qsseciated | wathr atach aperator; dhe method may
phased array antenna having an adjustable angle of )
anpley icoarpandnts vighrkaw ggtlafmwand andgespnsesf signal processing
phased array antenna systemof the 15 invention; . .
FEnpbiktias saaddhe m mayainclyde eperatingnis Haggmit and receive
network used in the Figure 3 systent Figure 5 is a

HIOSEs Wi gnée@@ié%ﬂyemseﬁéﬁ@i@cw&ﬁ%%md@d

wth a ninety degree phase shift introduced by a

vari abl e phase shifter in 20 the Figure 3 system

h @yrdes titatahd ifverttom nvight bieagoaetully wpaletstoot], mtiddiments
phased array antenna systens of the invention

theceopHoiHtriovwg bel desenibaddbywehy ef extaemple oty 200t t€f278ece to the
PCT/ GB2004/ 002016 12 el ements respectively (el ement
apeipanyinghdeawings) in whielzal e in  Figure 6); Figure 8

is a phase di agram of antenna el ement signals

associated wth a :

Figure 1 shows a vertical radiation pattern (VRP) of a phased array

antenna with zero and non-zero angles of electrical tilt;

Figure 2 illustrates a prior art phased array antenna having an adjustable

angle of electrical tilt;

Figure 3 is a block diagram of a phased array antenna system of the

invention;

Figure 4 shows in more detail a signal combining network used in the

Figure 3 system;

Figure 5 is a phase diagram of antenna element signals associated with a
ninety degree phase shift introduced by a variable phase shifter in

the Figure 3 system;

Figures 6 and 7 are block diagrams of parts of further phased array antenna

systems of the invention incorporating eleven and twelve antenna
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ni nety degree phase shift introduced by a variable
phase shifter in 5 the Figure 7 system Figure 9 is a

whb@akoxidagr am of part of another phased arr ayPErnG8a0va/002016

system of the invention enploying two vari abl e phase
shifters; Figure 10 is a block diagram of part of an
antenna systemof the invention simlar to that shown
in. Figure 9 but enploying gaﬁ%ed vari able 10 phase
shifters; Figures 11 and 12 illustrate use of the
invention with single and dual feeders nespectiv?ly; )
Fi gure 1%lemsns sespsetivebalelement sPRCIng isiqtowholly to scale in
allomﬁng]%g%%%% of electrical, tilt in transmt node

and recei & to be 15 i ndependent | y adj ust abl e;

Figure 14 is a block diagram of another phased array

BFCRD B el difGan) OYkRhn 5o pbE Sl ARH60RReA with o
o o1 inkh o B DRSS GRESASPAT e i shifer in
9 with v%le%ﬁggbgsﬁgwglﬁo shifters located renotely

from one anot'Rer; gure 16 illustrates a phased

array antenna system of the invention incorporating

Fi'g%@e lgy briigth BRISR &iﬁgraﬂ%féﬁé}@& %@ﬂexpﬁlﬂs‘é@%é? QP2 system
13 All exanples i1lldstrated enpl oy connections tor

whi ch sousfehd ifvesitibaasnployifiy 3ha samsableeshide stifters;
respective | oad i npedances in order to forma

"matched’ system A matched system nmaxi m ses the

Pigeee 10 aissarblocld diagrema of part ef tam amtehnadkysteinavbthisinvention
signal reflections. Were signal |ines are termnated .

in a 5 redisilanrto et shogvn A %igereﬁ? buteepl opingf gamged variable
resistor is equal to the system inpedance in order to

form a neplassdshifens;nat i on.

Figures 11 and 12 illustrate use of the invention with single and dual feeders

respectively;

Figure 13 shows a modification to the invention allowing angles of
electrical. tilt in transmit mode and receive mode to be

independently adjustable;

Figure 14 is a block diagram of another phased array antenna system of the
invention illustrating antenna sharing by multiple users with dual

feeders and individual tilt and transmit/receive capability;

Figure 15 is a variant of the antenna system of Figure 9 with variable phase

shifters located remotely from one another; and

Figure 16 illustrates a phased array antenna system of the invention

incorporating ring hybrid couplers.
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Referring to Figure 1, there are shown verti cal

radi ati on patterns (VRP) 10a and 10b of an antenna 12
woki0eh01739 a phased array of individual antennaPCT/GB2004/002016

el ements (not shown). The antenna 12 is planar, has a

centre 14 and extends 10 vertically in the plane of

the drawi ng. The VRPs 10a and,10b correspond

respectively to zero and non-¥8ro variation in del ay

or phase of antenna elenment signals wth distance

RE3EnblS 038R et SRR PRES LR sl ppedances o
e o e
S5 0o 1SRN B8 P APBRLGRPa source 0
9590 S P ediof SYIRIE 000 198 8L Wb in o

f@sis!’t‘ﬂ*&seed bsée id%’fgfdgﬁ ) e v\éﬁf’%égtﬂfbsrésiétbﬁ qs( Yo flie system

as | strat ative to Oa, 1.e. thete is an

i Parrceliffordeghs fofmid MatchfBtpenatdh) beam centre
20 1 nes 18b and 18c which has a magnitude dependent

on the rate at which delay varies wth distance

BRI S T a5 AL B o) 100
HRE 00 of S g e el et Bt RS el g P ARG antenna
5 AP0 PRl 15k Bt 0 AhE: B2 AU g o
BRAFADS B MO TS I, e EPIal THE WRPE 102 a8 10D correspond
f‘e%gfabﬂ'i%l' o Ze2b Eﬁfd“%rﬁ-zefﬁ”i}aﬂa‘ﬁdiﬂ inb@él%gi BPtpleRenof antenna
may | ncreéase side | obes 20, 22. Relative t0 a

él@h%ﬁitgélgnhl%VWith igRatd Rbodpilie BARAND) 2. ARy Have respective
upper side | obe | evel of -18dB has been found'to

Riady 16Bed 16aNVEY erith cenmedinée ok baresighis's ¥ 8heiBb, first upper
performance. 5 Foresight gain decreases in proportion
sidetdteesc20hp @0 ande fiasiglewef sidélobdee22@, 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
20, either of the relevant pair of elements is being referred to without
distinction. The VRP 10b is tilted (downwards as illustrated) relative to
VRP 10a, i.e. there is an angle - the angle of tilt - between main beam centre
lines 18b and 18c which has a magnitude dependent on the rate at which

delay varies with distance across the antenna 12.

The VRP has to satisfy a number of criteria: a) high boresight gain; b) the
first upper side lobe 20 should be at a level low enough to avoid causing
interference to mobiles using another cell and c) the first lower side lobe 22
should be sufficient for communications to be possible in the antenna’s

immediately vicinity.
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reduction in the antenna's effective aperture. Further
reductions in boresight gain may result dependi ng on
whon4tibes3angl e of tilt is changed. The effect PET/GB2004/002016
adjusting either the angle of nechanical tilt or the
angle of electrical tilt is to reposition the
boresight so that it points either above or 10 bel ow
the horizontal plane, and hend® i ncreases or decreases
- the coverage area of the antenna. For- maxi num

et 55 LA, b, ) s
hESLgh Bl bl 8RS TR TGRRE00, oL AL S v
(e, BE AR Bel Pohcn 1Sy WIRRE TG bR Y "B has been
LRI PN PR Ry peorance
RSP DRI S Cosle U SAEEAY 1 e

Rz RSP antBRh&Kr dffectiRda @rtﬁf&%@rtﬁer ?edﬁét%nsi‘%ﬂ boresight

phased array antenna system 30 iIs shown 1 n whi

%é’.iﬁ @Aglreseit debeadingcah How the anam oftildk @hahibedsyst em
O incorporates an 1nput 32 for a radi o frequency
(RF) transmitter carrier signal, the input being

RPN o A BB ik e AR ool Bl By the angle of
skt 4 3o, Sodklditnk Rorghighe b, Bl il Qsbey above or
@él@wzﬁh(g%x%ié)rﬁgb eeseﬂﬁﬂ&?p@é Xn@%a%@? oqhééﬁféagéé We coverage

antenna sys ere suffixes Uand L indicate

- 44RAcH! e dnfa. TBSP BEALINALA ﬂ@xibiligﬂ,o%r wéd,r R10E1MfPar radio base
2004/ 102739 PCT/ GB2004/ 002016 15 positive integer

@:ﬁﬁ@hgpre‘f@@'bly? haki hitidé tRshhaskaniehl &t Ghdesledftibal tilt since
dotte | i nes” such as 36 indicating the rel evant

@cinhad adaffebentrefftdtont et slsapeeand neeh of groany cdeerigdand also
array size. The phased array antenna system 30

opethteantennas Baihsin the RRntediatenvicieity and in neighbouring cells.
It is also convenient if an antenna’s electrical tilt can be adjusted remotely
from the antenna. Furthermore, if a single antenna is shared between a
number of operators it is preferable to provide an individual angle of

electrical tilt for each operator.

Referring now to Figure 2, a prior art phased array antenna system 30 is
shown in which the angle of electrical tilt is adjustable. The system 30 °
incorporates an input 32 fof a radio frequency (RF) transmitter carrier signal,
the input being connected to a power distribution network 34. The network
34 is connected via phase shifters Phi.EQ, Phi.E1L to Phi.E[n]L and Phi. E1U
to Phi.E[n]U to respective radiating antenna eleménts EO, E1L to E[n]L and
E1U to E[n]U respectively of the phased array antenna system 30: here

suffixes U and L indicate upper and lower respectively, n is an arbitrary
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5 carrier signal is fed via the input 32 to the power
distribution network 34: the network 34 divides this

W@ e@aab27gnot necessarily equal ly) between the PEEHEB2004/002016

shifters Phi.EO Phi.ELIL to Phi.E[n]L and Phi.E1U to
Phi.E[n]U, which phase shift the signals they receive
and pass on the resulting pha§§ shifted signals to
respecti ve associ ated antenna’'el enents EO, EIL to
E[n]L, E1U to 10 E[n]U.. The phase shifts and signal
anpl.itudes to eachoglle nt  are chosen _to .select.an

Yp R SHGRET a8 & VRt detines phased ATEeY St gl dotted
of power by the. network 34 when the angle of tilt i s .
it e 36 andicslife PereTeraiy Sowent Bvey be Jrpficated & required
resi aht ] opriately. Optinmum control of the

f?ﬁ&f’zf %gqqqf?f}?gg%m ai ned when the phase front is
controlled for all angles of tilt so that the 15 side

| obe |l evel is not increased_ significant] % over the i
The phesed arraphantengresystemed @ operatgs asi fallavan pa RE transmitter
adj.usted remately, if, requyjyed, by using a_servo-
GREERE AIENALi Ted 4 Bhe Rttt thapower llsigibuign network 34: the
Phi . ElL.to.Phj.ELn]L.an Phi . E1U ta, Phi. E[.n] U, which
r}wogé i SR QY. NS4S SHHL quﬁlyi Regiget the phase

Lka t.ennha m 30,has.-anunberof ~di sadvant age .
J0i8h Fhiie PRE 1T GopBERIIC pRg P B ERLER6! BB B9RTU. which

equi 18 or e el e O 0 .
SR RS S{EREM, BRG BPGiRe R s b B gRi{Berohase shifted
. . j requl : 1 9
e ReiSofhpBhubrassadiicd EhRnd:CaRkidts BE ERLIIRANE B1U
Es’qhggﬁ I Fglg%eb?lg\g}é ls?ﬁ&? éﬂrr&é @ %I%lﬂcﬁhﬁc ou p?%i trg g@%ﬁ? tél E"Zﬁ%‘%ﬂ;?é’ chosen to
selddttal §g}%)fbp%?&te @Ry of ePdtEiehl ¥l SThé !dﬁitk%'tfonaﬂtjﬁower by the
mechani cal Iinks and gears are used which result in a
mvork 3phimatdee hayleseheilis zero is chosen to set the side lobe level
and boresight gain appropriately. Optimum control of the angle of tilt is
obtained when the phase front is controlled for all angles of tilt so that the
side lobe level is not increased significantly 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 Phi.EO, Phi.E1L to Phi.E[n]L and

Phi.E1U to Phi.E[n]U, which may be mechanically actuated.

The prior art phased array antenna system 30 has a number of disadvantages

as follows:

a) a respective phase shifter is required for each antenna element, or per

group of elements;

b) the cost of the antenna is high due to the number of phase shifters

required;
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e) the upper side | obe |evel increases when the
antenna is tilted downwards causing a potentia

waownae7ed i nterference to nobiles using ot hepPCEBR®4/002016

f) if an antenna is shared by different operators, all

must use the same 10 angle of electrical tilt; g) in

a. systemwith up-link and down-1link at different

frequencies (frequency divi si1®n dupl ex systen), the

angl e of electrical tilt in transmt is different

fromthat in_receive; Referring nowtq Figure 3, a
phasddcast agdueiiennay s@@lgmgl@gr@set ﬁﬁ&rqw ettt iggRupg 50f slements
shown whi ch asi#an abd' ust abl e angle of electrical

til tlnCW?ée§}£@é 4P %lﬁé’ﬁ porates five successive

functional regions 401 to 405 referred to in the art

as "dewsdchianicel ¢ouipliet of thetplease glaiftess ab skitdeldys correctly is
lines such as 41. It has an input 42 for an RF

car rdifficottenshireshanical dirdts: andhgearspare uged svhiochmesulédn a non-
as input to a power splitter 44 providing two output

si grepténman ideday sclemel t udes V1A, VIB, these becomi ng

i nput signals to a variable phase shifter 46 and a

Firsd) fhg eﬁgﬁéﬁsﬁdé hiddeeNedd hReRAGES Voh¥én The RieAfa is tilted
shift'ers 46 and 48 may equival ently be considered as

t i medephayrds aein avpotentitEseerid Y imerfaitnse goahsbiles using
V2B and V2A to two power splitters 52 and 54

r espsibier ¢elly.; The power splitters 52 and 54 have n

out puts such as 52a and 25 54a respectively: here nis

a pogitd ve_ipteger yal tte ‘
2004 1%%6“%6%@2%%&8?@8%@%%&?@5%@ fa?ﬁlgt ?SB the same
i ndi -i.n each case may be replicated as
reqdﬁﬁgg‘ﬁ§$ﬁ§ﬁ§&§§%Fred phased array size. The power
splitter outputs such as_52a and 54a provide oyt put’ i
si gn@) dnhavsysiemawpith t updinkyand; dovep-Amkaad dﬁgerteat frequencies
Vb[n]_ respectiyely (illustrated wthout 5 the letter s
V). J@eqwemcyb iisien; JuBlararwRteInohe aegls |0f3f slertispl tilt in

t hese out put . . .
transmg)t 1s 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
incorporates five successive functional regions 40, to 405 referred to in the
art as "levels" and indicated between pairs of dotted lines such as 41. It has
an input 42 for an RF carrier transmission signal: the input 42 is connected
as input to a power splitter 44 providing two output signals having
amplitudes V1A, V1B, these becoming input signals to a variable phase
shifter 46 and a first fixed phase shifter 48 respectively. The f)_hase shifters
46 and 48 may equivalently be considered as time delays. They provide
respective output signals V2B and V2A to two power splitters 52 and 54
respectively. The power splitters 52 and 54 have n outputs such as 52a and

54a respectively: here n is a positive integer equal to 2 or more, and dotted
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signals may have anplitudes equal to others and sone
unequal . I'n one enbodinent (to be described) having

wao eqvdamm7anna el enents (n = 5), Val = Va2 = VaBCT/GB3004/002016

Vb4 = Vb5; Va4 = Vb2 and Vas = Vbl. These out put
signals are fed to the phase shifting and conbi ni ng
| evel 404, which 10 contains 3 cond and third fixed
phase shifters 56 and 58 and ctor conbini ng
networ ks indicated collectively by 60. The |level 404

will b descri hed i.n nore detail, later: it provjdes _.
QRIS S2rnand 2y 3f5a s ORERENHR C2ER SASRr A oRe dgplicated as
62,,. of .a phased arr 62 via respective fixed phase '
%qql?{eé{@r %Wlao?%r%cim_ﬁx;;%cfgngg S$¥ef-ore n is an arbitrary
positive integer equal to or greater 15 than 2 but

equal to the value of n for the power splitters 52 and _
The parwler splitardoutpss sucly es 52a2mdadd 2 pnavisleeomtmpug signals having

| nner antenna el enents 622 and 623 are shown dotted

waplitadest ¥al fieyVatn] and Ml fe Mbda] aespectinelpdiliestraiad without
Ol RSP o e A, B B o
Gl ! Eood TGS Bt B 1o oo
SRl 0D hacObed PR e dniS SRR = 5
VAL Bes” i Fovohe Y dalch 02t Vas'S Vb1, These
3574y 5.0 1y REBSgSC bl DA Bfe et ., which

aﬁasOfse%bﬁﬁt %h@ia'th%g.'ltfb@d tﬂ}%s@”%hﬁ%r@h%%e%nﬁﬂr ' &td vector

of antenna el enments et C. e fixed phase shifter

gécr%b%%g%g nRewerkd dhdRuleMRARMIVED? 139 60. The 1eY§(1€ 3104 will be

4/ 002016 18 convenient: 1t applies a f

abgsebedid momi ddiaill Wateg OB DY RIERIM $e & 8 td @qhubﬁaaced antenna
hal f the maxi num phase shift OM applicable by the .

¥mhaits 6 N h@s62 s bif fa phasetbarrdlyi 62 atih aespolbtivd fixled phase shifters
variable in phase in the range -OM2 to $M2 relative

64, 1184, ddre hebefariegnid an afbierarpipositishiifitegbe equal ¥2Br greater
and V2A as '

than 2 but equal to the value of n for the power splitters 52 and 54, and
phased array size is 2n antenna elements. Inner antenna elements 62, and 62,
are shown dotted to indicate they may be replicated as required for any

desired phased array size.

The phased array antenna system 40 operates as follows. An RF transmitter
carrier signal is fed (single feeder) via the input 42 to the power splitter 44
where it is divided into signals V1A and VIB (of equal power in this
example). The signals V1A and V1B are fed to the variable and fixed phase .
shifters 46 and 48 respectively. The variable phase shifter 46 applies an
operator-selectable phase shift or time delay, and the degree of phase shift
applied here controls the angle of electrical tilt of the entire phased array 62

of antenna elements 62; efc. The fixed phase shifter 48 is not essential but
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5 has been said after output fromthe phase shifters
46 and 48. Each of the power splitters 52 and 54

waleoudexs3si gnal s V2B or V2ZA into a respecti vePGEGBR(04/002016

out put signals Vbl to Vb[n] or Val to Va[n], where the

power of each signal in each set Vbl etc. or Val etc.

is not necessarily equal- to the powers of the other

signals in its set. The vari af®on of si gnal powers 10

across the sets Val etc. and Vbl etc. is different for

di fferent numbers of eéfimilenna el enments 621 etc, in the
coyvapient: itapples aHExesbphase shithyrhishdiesiconysniense is chosen to
Vb[n].is fed.to a respectjve fixed _ antenna pha .
%Lﬁifeﬁhe@@agxmm RBase sBHY Gonarplisahle: lay the ,Va&@(f% phase shifter
0 he set of output signals Val to Va[n] is |ikew se
4ftédlfhts aHetvse V ldhttenbe yariahle 1in phpse an besrange the/2 to +Ow/2

rehativela Vb, Hditbe HEnebRlop AR SHRCeOR F OB tad V2A as

conpensat.e for that i.ntroduced by.the nbi, ni_ng

i Bk g s UL Pt pRasehikers 4ot dg o [

and Val to Va[n] are conbined in pairs in the

networks 60 to produce vectorially added resultant
Badnafsthieopower \sphigtere e ahdvi4 ativetesasignabe M2B 6@l V2A into a
etc via 20 phase shifters 641 etc. The fixed phase

relpéctave setof ex outpuipigealsi ¥bd fohd3dn] o Yad tahVafn], where the
vary between different antenna el enents 621 etc. i

pewor of cgch signgldnsrachgednéb ! iesal opysilt4t6nisarebBecaesserily equal
array 62: this sets a zerq reference  direct] on@élSa

ter thegpomiersiof the other signals nritapet 2 e vaziagion @k signal powers

zer o phase | fference tween the.signals VIA.and V1B

3GHRSS 2he Pt Al i dnce R&hﬁ%éc-ﬁ Giffeitat fos diffgignt Mimbers of

éfanﬁtenna é)hasgif@]ifters 641 etc., are not essential, but
eYna cleMEnEy Q41 <76 Bhthy away can be used to a)

proportion correctly the phase shift WO 2004/ 102739

PCT/ GB2004/ 002016 19 introduced by the tilt process,

Oneopf ithd set ofpprtpetisignalé Yhi toi N/é)[nﬂ) hededvier a nespective fixed

tilt range, and c) introduce an optional fixed angle

asitenha @thase sshifter 64; Vive theygeeond phiase shifter 56; hndaine of the set

the array 60_is variable sinply by using one

of output signals Val to Va[n] is l&ewme fed to another antenna phase

shifter 645 via the third phase shifter 58. The second and third phase shifters

56 and 58 introduce padding phase shifts to compensate for that introduced
by the combining networks 60. Other signals in the sets Vbl to Vb[n] and
Val to Va[n] are combined in pairs in the networks 60 to produce vectorially
added resultant signals for driving respective antenna elements 62, efc via
phase shifters 64, efc. The fixed phase shifters 64, efc. impose fixed phase
shifts which vary between different aﬁtenna elements 62; efc. accordirig to
element geometrical position across the array 62: this sets a zero reference
direction (18a or 18b in Figure 1) for the array 62 boresight when zero phase
difference between the signals V1A and V1B imposed by the variable phase
shifter 46, The antenna phase shifters 64, efc. are not essential, but they aré

preferred because they can be used to a) proportion correctly the phase shift
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vari abl e phase shifter, the variable phase shifter 46.
This conpares with the 5 prior art requirenent to

whawe/102184 | pl e vari abl e phase shifters, one foPCEGBRON4/002016

antenna el ement or sub-group of antenna el enents. Wen
the phase difference introduced by the variabl e phase
shifter 46 is positive relative to the fixed phase
shift 48 the antenna tilts in'bne di rection, and when
that phase difference is negative the antenna tilts

in the opposite directiqn. 10 I.f there are a.nunmbeyr of

intredyced duhthesit Weﬁﬁa\o@ %PW%%%&S@PD@S&%@E?%? ﬁ%@? fobes over
nt enna syst em 40. ternatively,.if. it is requir. .

thASH (RS, 2Pk Sutipadnaxed el of EfbATiFRL

an individual electrical tilt capability, then each

user may have a respective set of |levels 401 and 402 |

Tite Bingle @fletmieldiltiofinthe arrayn®d ris mgprishlagimply by using one

consi sting of |levels 403, , 404 and 405 is required to .

vifiatdetphesesshiftat sthier vaniable phasel shiffgr giturBistgorgpares with the

sets of splitters 44 and phase shifters or delays 46

poior 48 fesjuitessenhtp have wauliiple iriaiahle fhass, Smﬁsﬁy@%‘dfm every

I nternational Patent Applicajion No. 03/ 043127 A3
adenna belersenl i 9y SUP-ZEHIR Qﬁny@m@aﬂa‘ \g)%ms%% en” the phase

GRS ShaBEed R e YRR Bhah RIS i JEIRRL S o
fo°BEGh St AL 1 ol R whcn
SR TE bl MBS B gE O ek aon

that the antenna system 40 has good side | obe

suppression that is maintained over _its electri.cal

Hi thiere aneye. nuthben of M5AES, WQhékﬁeﬂ@n%ﬁﬁlaﬂé a pespective phased array
i mpl enented at | ower cost than,conte des

ateanamy stetsidh.| AleInat ety 16387 sxvEed BeagisercaEe @ common
é&q&%ﬁbﬁé}%ﬁé@ﬂﬁ%ﬁ@mﬁf@gﬁg gie{;%ﬁglgloft@% %}@E@ﬂﬁ}% then each
dett o 10, LOLE 08T L3 SLLELEM, SR MLEEl i adiion,
q cl)lflbﬁ}cing Egttvsrfci)ﬁ(alco}lisils{ihg-rgf levels 405 , 40, and 40s is required to
combine signals from the resulting plurality of sets of splitters 44 and phase
shifters or delays 46 and 48 for feeding to the antenna array 62. Published
International Patent Application No. WO 03/043127 A3 describes sharing in
this way, but it uses an antenna with multiple sub-groups of antenna
elemehts, each antenna element in a sub-group having the same element
drive signal phase. In the antenna system 40, the antenna elements 621 to 62,
all have different element drive signal phases as required for improved

phased array performance.

Tt can be shown that the antenna system 40 has good side lobe suppression
that is maintained over its electrical tilt range. The antenna system 40 can be

implemented at lower cost than contemporary designs offering a similar
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angle of electrical tilt in transmt node may either
be the sane, or different 5 fromthat in recei ve node

whoonned78yi ng t he ant enna system 40 to i ncl udePCT/GB2004/002016

different paths and phase shifters for transmt and
receive as will be described |later. Referring now to
Figure 4, there is shown part of an inplenentation 70
of the invention for a phasedlarray 62 of ten

el ements 621 to 6210. Parts 10 equivalent to those

reyiously described are |like referenced. Figure 4 )
feoeel afppatormangsr s sbertricalitidt srayibpedjustednmpmotely using a

Fhele yariabls deby deufoss andoting et U podit ey GRsators to share it
P A28 s Yl SR il i T
B’ G Eefica B i Siagt miole Py "Bl B4 T8 sk oppdifforent
B sk A9 B B sl R e
BRSPS, VA Phas oML HoEER oA or il gy il be

shBEdBtéMo i nput term nals designated It and 12 and
two output 20 term nals designated S and D for sum and

di fference respectively. The references 11 and 12
| also be dfo nveni ence to i cat.e signals.

Befers Boreritne “adhiitoroaiatm et i siodmmgientation 70 of
B DRty BEAGRA e i o i SLBpints $ 510 °62u0. Parts
SRRl SRS, LLINT SR AT B g, Figure <
SHSMIRD by B4 STV IR e show
CRban it i, STRTSLAIER 5ochen, S8IMSECRS ity npu
HghhleVOB aadev2Aasf 8qhal power but variable relative phase. They each
split their respective inputs into five signals, three of which are of the same
amplitude (A or B), and the other two are 0.32 and 0.73 of that amplitude

(0.32 or 0.73 of A or B).

Eight of the ten signals from the splitters 52 and 54 pass to four vector
combining devices 60, to 60, each of these devices is a 180 degree hybrid
(marked H) having two input terminals 'designated I1 and I2 and twotoutput
terminals designated S and D for sum and difference respectively. The
references I1 and I2 will also be used for convenience to indicate signals at
those terminals. As indicated by the terminal designations, on receipt of
input signals I1 and 12, each of the hybrids 60; to 604 produces two output
signals at S and D which are the vector sum and difference of its respective

input signals. Table 1 below shows the input signal amplitudes received by



Hybrid 11 Input 12 Input S output D Qutput 601 A 0.73B
0.707(A + 0.73B) 0.707(A - 0.73B)- 602 A 0.32B 0.707(A
wGe2@43@839 0. 707(A - 0.32B) 603 B 0. 32A 0. 707 (BCHGB2004/002016
0.32A) 0.707(B - 0.32A) 604 B 0.73A 0.707(B + 0.73A)
0.707(B - 0.73A) Table 2 bel ow shows the antenna

el ements which receive the outﬁJut signals 5 generated

by the splitters 52 and 54 and'hybrids 601 to 604 via
antenna phase shifters (PS) 641 to 6410. Table 2

Antenna Si gnal Antenna Signal El ement, Anplitude . .
@%hﬁhﬂdﬁ\n‘é}ﬂ tu®d: s the 7oipst signaigAn soetay. farm generated in
0.73B) 622 0.707(B - 0.32A) 627 0, 707(A + 0.32B) . 623
19Sp0BSe eXPrassydadiesns ¢f %@M&%EQI@W%?P& B i eggh)case.
625 0.707(B + 0.73A) 6210 0.707(A - 0.73B) WD
%Ogﬁ{ 02739 PCT/ GB2004/ 002016 22 One signal A or B

f ach splitter 52 or 54 is not routed to antenna
phase shifter 643 or 648 via a hybrid but instead via
a phase ghifter 56 or 58 applyi ng a phasefshitt of T,
whilgbrids |efLimputo | alilopuipensat SsOntputt hat i npPs@utpyt
one of the hybridg 601 to 604, This s khown-as-
"pagdi ng"}. The 5 fji as | ' an ,
58/ ggé caul dl}gach b?‘?é’pﬂjem@)ﬁ?{gzt‘é? meslugfudf@gﬁg‘ée 6.73B)
shift. The input splitter 44 in_Figure 3

(opfDonalll y) Arovidel-3dReqyd)-788(Ar+ Hp13 ??%@-798(%9-323)

. ) .
e—stghat—anpltddes2AanrdV2B—are—di-Herent—+n—

Fi gg0ps 3 andga. Furg oor c). 0B v brizis) 600.700(B040.324)

that (as | described) provide sum and differlence

veckgrs 1+1zgand 11512 ™Y 0.707(B + 0.73A) | 0.707(B - 0.73A)

Table 2 below shows the antenna elements which receive the 6utput signals
generated by the splitters 52 and 54 and hybrids 60; to 604 via antenna phase
shifters (PS) 64;to 644.

Table 2

Antenna Signal , Antenna | Signal

Element Amplitude Element Ainplitude
62, 0.707(B - 0.73A) 626 0.707(A + 0.73B)
62, 0.707(B - 0.32A) 62, 0.707(A + 0.32B)
625 B 625 A
62, | 0.707(B + 0.32 A) 629 0.707(A - 0.32B)
625 0.707(B + 0.73A) 6219 0.707(A - 0.73B)
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10 (optionally) subsunme all or part of the function of
sputters 52 and 54: i.e. they may instead be designed

W 200800R789t i nputs |11 and 12 into vector suns P@MNGB2004/002016

di fferences other than 11+12 and 11-12, for exanple a
sum of x1l +y1l2 where x and y are nunerical val ues
which are not equal. This is subject to the
constraint that total output Ggmer pl us hybrid | osses
nmust remain equal to 15 total power input to the

OPgrigBabdior  Gom enghrplisiopian ap Ja weroipivased S tenna phase
SEEr Ry & Py Viaud dnduTd i GIRtEAG Vigarhase SHifieT 26 or 58
SR 3 AR c¥ e Dheln A UM I gbgorgpensates for that
saiPeat i AT ue ARBTiRGed & o EROSTmen s Radine . The
HRBATERE Sifiet pRBeosO sl SRR, SrONcHlch R Bmplpmepted as a
N T T —
ﬁ%???a% Poglep%l;@‘ﬁgjogo baP -thE 7§ pgpyﬁﬁﬁl)ltucf&;af%i%c} V2B are

cativ nstant 1s a scall

@ifferdas iRCPRARE 13 addf 40 &ﬂu&ﬂﬁlﬁ{&w fHe t bﬂ&sd%g to 60, that (as
conpl exi ty. 2004/ 102739 PCT GB2004/ 0 2016 23 The
aedeial)s yabeide Gsurf @R risReeide det@ord NINAX Nnd 11-12 may
values of "A and Bin Tables 1 and 2 at 90 degree

@pisnally) eutsneee adl of pat ofl the Ainplrsef dilfttasesTand 54: ie.

the antenna system 70 has a substantially |'i near phase

theynmayamstead eedesigrad doet@mett snptitst Ido andgl2e $ntof vector sums
electrical tilt and an eqéal hase 5 front at a nean
W81l

amd| differencdst ottradban Hrr ddRZ;sfoexamplenat sumg. af xI1+yI2

821 to 8210 indicate the nmagnitudes and phase angles .
whera & phdsearanuaeriedlvealues grbich are notpqupbebhisats subject to
the antenna el enents 621 to 6210 respectively.

el eepriraint Biad told puABUBROWRAIDEMS BYPHM; losserBiust remain equal to

.g. 0.7 .
t(gtgls Stoi?ve Shpirt 1c:)o tl?ebh%ricc)lss I)to 60,. Moreover, instead of 180 degree

hybrids 60; to 604, hybrids giving other phase shifts (e.g. 60 degrees, 90

degrees or 120 degrees) may be used.

Referring now also to Figure 5, there is shown a vector diagram for the
antenna system 70 when the phase difference between signals V2A and V2B
(having the same phése as A and B respectively) is 90 degrees, which is the
angle, in this example, at which the phase front across the antenna elements
is optimised. All vector sums and differences in Figure 5 (i.e. all vectors
other than A and B) should in fact be multiplied by 2 or 0.707 as in Tables
1 and 2, e.g. A + 0.73B should be 0.707(A+ 0.73B); but this multiplicative
constant is merely a scaling factor and has been omitted from the drawing to

reduce complexity.
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fromradius vector A or B. Two arrows 84a and 84b
| abel l ed +0.73B and 10 +0. 73A are treated in the
waele@wiltry3as subsum ng adj acent arrows 84 | abel PEHGB2004/002016
+0. 32B and +0. 32A, and thereby extendi ng back to
radi us vectors A and B respectively. Bi-directiona
arrows such as 86 indicate phase differences between
adj acent radius vectors, thezﬁhase di ff erence bei ng
22 degrees between signals on 15 outernost pairs of

tenna el ements_621/ 622 and .629/621Q and 18 degrees .
@E@ eI sygerer Ugaiopimiserdpsdeterausme the yalies of A and B in

S P B RE Sar Fute oo o e
SIS R SR S RO AR e o
SRR PP B B B8 Bt s
AP i B SR, o ST ot 2,
bap, Bidiede At 1fa gty 860 AR plas D MEtes UL, BRaSed armay drive
dbhhRr @8 CﬁleyofapP%P A OfHeS RRRIAR %PelﬁeﬁﬁggZZnﬂi ®XQ} respectively.

trit, and positive and negative phase i fferences

Obligaenandwissuedsid 84 ¢ndicdtenaatis Wectobiset8f(eant®m8b or 0.32a)
tilt. WD 2004/102739 PCT/ GB2004/ 002016 24 Referring

from tradftisgueetos, At beB: Twoshoowp8dh @id 4atdlssileal +0.73B and
system 100 of the invention involving an odd nunber
ﬁ%ﬂ&m& ene drezitedrentthe drheneg ais subsiimingxadjptent divrews 84 labelled
system 100 is equivalent to the exanple 70 with the
-hé@iQIB and +0.22Anand therdbar extendomg baektto, raghids tvieetors A and B

description which follows will 5 concentrate on
%p@@&lgeb’f- difference. Parts equivalent to those
previously described are |ike referenced. The system
100 differs to that described earlier in that the

Bi-{diiceivgal auidné Suth of J6/iididsteGsHaseniiffidénééLbBBYeen adjacent
connected to phase shifters 641 ‘and 6410 but i nstead

taditsvovesdyrss thet peise d0Zewndelbding 22 degrees between signals on
outermost pairs of antenna elements 62,/62, and 62¢/62; and 18 degrees
between all other pairs 62,/62; to 62¢/62. The difference between 18 and 22
degrees is small in the context of a phased array: for practical purposes
therefore, phase differences between adjacent pairs of antenna elements
62,/62;,; (i = 1 to'9) are substantially constant and the phase variation across

the array 62 is a substantially linear function of position in the array as

required-for normal phased array operation.

As has been said Figure 5 represents the situation for 90 degrees of phase
difference between the signals A and B or V2A and V2B. A phase difference
of zero corresponds to a mean angle of tilt, and positive and negative phase

differences correspond to positive and negative angles of antenna tilt.
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respectively. These splitters divide signals fromthe
hybrids 601 and 604 into 10 respective anplitude

wo eaagtioes cl/c2 and dl/d2: of these, cl and dPCEHGB2G6@E02016

to phase shifters 641 and 6410 for use in driving

antenna el enments 621 and 6210. Fractions c2 and d2

are respectively fed to 11 and 12 inputs of an

additional fifth hybrid 605 @8# the same type as

hybrids 601 and 604. The fifth hybrid 605 has a sum

output S which_is termnated in a matched | oad 106,

Betemsinpsnaws teHéglere 6uthere 1o shomahpret ebaneuttenna system 100 of
dditional centrally located _antenna el enent 620 via . .
OUINEIEIOF BV QINHRS ashpdd qrumber s arienaa edementyrelegen in this

shifter 640. In Fi e 5, all antenpna el enents ar, ..
%&W?gf‘ac@&e @ysf&mcﬁﬁ aﬁqeauwaieargﬁ, tosHe XRBHNE (7L it the addition
that. it is

S5 S B ST  TF i bRtptows win
o TROASEA B9 B v BNl iy hap arevionsly

BRI, 5 b Pl U 00 ek Ao B00 e o
LD S eSS aE 30, S0, g hmcctd to

3 . .
Sy ol B2y e s 102 o 1

ERpBctively] BescDIRBHE/ BORIBGcREN GB20WUME 02RKEs 685 ahdl 60, into

can be shown that the antenna system 100 has an

espevete iagaplitvele fraetionfRed/ o and dRPAI2 .eoMnthdsenclianded] are fed to
downwar ds conpared to that when tilted wupwards. There

phasmshifiere &ele amd 64 gntdr ysewer dfiethg antemhaaelteemstets 62, and 62,,.
el enents 621 and 6210 when the antenna array 62 is _
Frantiorisced landt d2 wed respdutivelpdad de Idr and d@vimpaitsiof an additional
I deal |y the side |obe | evel would be optinal Ii_ ) .
tidthx hpbrid HOsteirthegsame typeg aahybaidsa60oand ©0as $heHifth hybrid 605
array (anplitude_ taper) remains substantially

bangt shim queput ne whidhis terminatgdgan 3 rmatehiad dead 106, and a
ff.set consequential effects on_side |obes duge to "
aﬁé@r@ageoowr 2Phicl iare@miesel dnent sidsitionall cepiplly located

antenna element 62, via a ¢-90 degree phase shifter 108 and an antenna
phase shifter 64¢. In Figure 5, all antenna elements are equispaced by a
distance L say, so introduction of the central antenna element 62, means that
it is spaced by L/2 from neighbouring elements 625 and 624 (this is as marked
in the drawing but for convenience the spacing is illustrated as being larger

than is actually the case). However, such 1/2 spacing is not essential.

The net efféct of the modifications in Figure 6 at the antenna array 62 is that
elements 62; and 625 have drive signals reduced to d1(B - 0.73A) and
cl(A-0.73B), and the extra central element 62, has a drive signal
d2(B - 0.73A) - c2(A - 0.73B).



when tilted, a nunber of techniques nmay be used as
follows: 10 1. attenuators nmay be inserted in series
wWowaioh/102189 end antenna el enents 621 and 6210; PCT/GB2004/002016
end antenna el enents 621 and 6210 may each be split
into two, adding a further two elenments to the
antenna; 3. power may be partly diverted fromthe end
antenna el enents 62, 15 and @%10 to el enents near the
centre of the antenna using further hybrids; and 4.
art of the power fromthe end antenna. elenents 621 . :
neprs beoshasyn that the antenng systennd Ofchas an asymematrical Vertical
:gggi as in fact is shgwn in Figure 6. 20 The antenna ]
pdiatipn diptirne Wheath diltesd | dawnyaady .campated to that when tilted
de l.obe Jevel is reduced whe he ant enna

BPIEJAS > THeTe dF G wickase, i IENSY DosVet 1R B9 Shienpa clements
67 myE 6% sy e rEhg dreaycb2 i Eleci Y Fited éfhermpwards or
5 SEPRPR. TRRRIELE Rk 185( Rl aiRE PR bradhinhg o tgatied when
A O N T
Eondtglc BOBPYRE dhtdiihd ALY AAHES Ih'ﬁrde?ttSréﬁ%&nESngtflg%glgial effects

es ustng channe ot her than that as

&R i€ 18pésane toYiriceBselOBowRe R d Snfedial SleFhEts 86 and 624
there is shown part of an inplenentation 120 of the

wheantilted, 4 atintbepfech@igury may befudededvolRiweent s
1221 to .12212. First and second splitters 1241 and

1242 ie ectivel ' ut si.gnal

egcei.ve i

10 SNV ﬁlary &'imSertd¥ i s2ridf vith d[ﬁg %tn%dantenna elements

621 and 6210;

2. the end antenna elements 62, and 621, may each be split into two,

adding a further two elements to the antenna;

3. power may be partly diverted from the end antenna elements 62;
15 and 62 to elements near the centre of the antenna using further

hybrids; and

4. part of the power from the end antenna elements 62, and 62;, may

be used to drive the central element 62, as in fact is shown in Figure
6.

20 The antenna system 100 offers the following advantages:

1. the antenna side lobe level is reduced when the antenna array 62 is

electrically tilted.

2. the phase of the carrier or drive signal of the centre element 62,

changes by 180 degrees as the electrical tilt passes through a mean
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10 in this case by vectors A and B: these vectors are
of equal power but variable relative phase. The

W@ piot1osss 1241 and 1242 inpl enment division i NnPOI/GB@a/002016

fractions al/a2/a3 and bltb2/ b3 respectively: i.e.

signals al A, a2A and a3A are output fromsplitter

1241 and signal fractions blB, b2B and b3B from

splitter 1242. Signals al A ang®b1B pass to first and

second O paddi ng phase 1.5 shifters 1281 and 1282
respectively, Signals_a2A and b3B pass to It and 12 .

| nput ¥alse and fughon solusig: e Jeyst o theawpRsr sife lePeawhen tilted
described earlier. Signals b2B and a3A pass to 11 and

12 i npRVEVATIS: second hybrid 1342. The hybrids 1341

and 1342 have difference outputs D connected as inputs

to t hBr lendffetooftdedaplig tlee et af ahd , sidel Tdbe when the
produce two-way splitting into fractions 20 cl/c2 and

dl / d2amtespacisi tiltegd. ddWwayats dshtay eedwes dhe putesf&ence caused to
connected to Il inputs of third and fourth hybrids

1343 mobilk3ausing sheanelsedther thapuhat aggighed fto dhetandenna system
first and second phase shifters 1281 and 1282 pass to,
fifthl@@d sixth sputters 1245 and 1246 produci ng

three-way splitting into fractions el/e2/e3 and

fl/f2/f3 respectively. Qutput signals fromthe third

Refé&pirid hetv _ﬂ@ﬁ%msvo, {Hera s ishBwah part! 6f af ikdplefdita®bn 120 of
a fifth hybrid 1345 and (fraction c2) to a third O
fieddiventivager 8lphiaked 12D fhtivelsiegsiehserdts AP e VD,,. First
2004/ 102739 PCT/ GB2004/ 002016 27 fourth splitter 1244

pad se¢obndsplicersll P41 andri 24, respedtivél yareseistehinpitrsiginals denoted
1346 and (fraction gﬁ} to a fourth O paddi ng phase

ghilfis ensd bgavecborspAt argl Brdhese vectors hre 6f eghakpoiver dut variable
1245 pass (fraction el) to an 12 input of the fifth

- 1g)ative nimss, The spliticon 82 and al34+ implemgot diyisspasiato three

hifter 1285 and (fraction e3) to an 12 5 input, of the
fraations 1nlhe a3tk b1 /o respaeiavelsF dsmsigealsi sk, a2A and a3A

Stecontmbiiom soheer (HAicumdvignd] figeons biR! B2 aaing3B from

 IEen] 2. Stamebiai Siand Wi vaspie st andesgopdeb padding phase

gllr}iftfetrg rﬁzél F>a?%d ]Iigzl rtes(,)pelc%fsvle y. ngGnalé a2A and b3B pass to I1 and 12
inputs of a first 180 degree hybrid 134, of the kind described earlier. Signals
b2B and a3A pass to I1 and I2 inputs of a second hybrid 134,. The hybrids
134, and 134, have difference outputs D connected as inputs to third and
fourth splitters 124, and 124,, which produce two-way splitting into fractions
cl/c2 and d1/d2 respectively. ‘They also have sum outputs S.connected to 11
inputs of third and fourth hybrids 1345 and 134, respectively.

Output signals from the first and second phase shifters 128, and 128, pass to
fifth and sixth splitters 1245 and 124¢ producing three-way splitting into
fractions el/e2/e3 and f1/f2/f3 respectively. Output signals from the third
splitter 1243 pass (fraction cl) to an Il input of a fifth hybrid 1345 and
(fraction c2) to a third ¢ padding phase shifter 128,. Output signals from the



antenna el enents 1221 to 12212 receive drive signals

fromoutputs of the third 10 to sixth hybrids 1343 and
wa3ehé/1eated t hird to sixth phase shifters 1283 apdr/GB3®4/002016

as set out in Table 3 below. Table 3 Elenment Hybrid or

Phase Shifter Signal Amnplitude 1221 Hybrid 1346,

output D 0.5d1(b2B - a3A) - 0.707blfIB 1222 Phase

Shifter 1284 0.707d2(b2B - a3A37 1223 Hybrid 1346,

output S 0.5d1(b2B - a3A) + 0.707blflB 1224 Phase

TOuHRSplitier AP TasA (potion d4)ipian st aixts hybrid 134 and
SgtBoRa2) i sejoutth f prgimaphasoaiijYs 1d1aanput Signals from
¢ ?‘fih Sptat 7525 59%3%%&#%&7 oo gﬁiﬁp&ﬂ Sfth hybrid 134,
2 GhRZ do(Rblt dseing PhASebrier oaqand(Epation €3) to an 12

té?%@aife%%@@ybg@@i&@@% 3004 1203% sty spliior 124,
P (FaRkoBrPY, Bl an T2t ofvﬁieﬁa&éﬁ i PP meltiection £2) to
S0P ERARIEP PhhSa Snithet, 128 Snd FFiBeiBREa ors 1B inpBE of the third
%%ﬁ’ﬁm%ﬁi ot itory? ﬁéﬁﬁs 2@ Shiflef B33, L3658 13610, the

afiEnocRlee 3901 %@%@Tﬁé ﬁp@‘éeﬁﬁ%ﬂﬁlgtf’sﬁ ERAfHFDE the third
% gﬁﬁgzlgﬂﬁ‘li&ﬁg%?%ﬁaeﬂzﬁ%ﬁ' d?d‘&ﬁ&ﬁg?ﬁs%'ﬁﬁf re 728, and 128,

tion |gna S or 8i compone
as set out in Table 3 below.

Table 3
Element Hybrid or Phase Shifter Signal Amplitude

122, Hybrid 134, output D 0.5d1(b2B - a3A) - 0.707b1f1B
122, Phase Shifter 128, | 0.707d2(b2B - a34)
1225 Hybrid 134, output S " 0.5d1(b2B - 23A) +0.707b1f1B
1224 Phase Shifter 128¢ ‘ b1f2B
1225 Hybrid 134,, output D 0.5(b2B + a3A) - 0.707ale3A
1226 . Hybrid 1344, output S 0.5(b2B + a3A) +0.707ale3A
122, Hybrid 1343, output S 0.5(a2A + b3B) +0.707b13B
1225 Hybrid 134, output D 0.5(a2A + b3B) - 0.707b1f3B
122, Phase Shifter 128s - ale2A
12210 Hybrid 134s, output § 0.5¢1(a2A - b3B) +0.707ale1A
12241 Phase Shifter 1284 0.707c2(a2A - b3B)
12245 Hybrid 1345, output D 0.5¢c1(a2A - b3B) +0.707alelA




10

that pass via one hybrid traverse one phase shifter
(e.g. 1284) and receive a 10 relative phase shift of

w@20wefien789 r eachi ng antenna el ements (e.g. 1222pCT/GaR00a/002016

4 Splitter Splitter Qutput Sputter Ratios Voltage

Deci bels alA, blB 0.4690 -6.58 1241, 1242 a2A, b2B

0.8290 -1.63 a3B, b3B 0.3040 -10.34 1243, 1244

0.707c1(a2A-b3B), 0.800 -1.94 28, 707d1(b2B- a3A)

0.707c2(a2A-b3B), 0.600 -4.43 0.707d2(b2B-a3A) 1245,

1246 al e] A, al e3A, 0.2357 -12.55 bif1B, bl f3B al e2A,

Becewspalshe tepns plyie %%@n@ MSP&/S@Q@OM)W@Q@@@ in terms of

9 Table 4.gi ves splitter tios; anplitude .

Eipstions e sidpal teqbry & Ged B Bt o dBpdinih fihdiscsend splitters 124,
Referring now also to Figure 8, there

su 1 watt.
F‘Q(T eSPRRIElY- di agram for the antenna system 120
when the phase difference between input signal vectors

T QPR P M SRR Yl i
I e I £ HOBLEIT £1 o). biSsq gl 3isids or signa
YSBIRNSHE D g B0t ke Ia SACThENgE GESE! o phase
glgiﬁ&g fBIE 12 9-ard RIRIivOh Shirk sHianetf S68r gegdrees GRifBEE reaching
antenna elements 1223 and 122,. In addition, signals or signal components
that pass via one hybrid traverse one phase shifter (e.g. 128,) and receive a

relative phase shift of ¢ before reaching antenna elements (e.g. 1225).

Table 4
Splitter | Splitter Output Splitter Ratios
Voltage Decibels
alA, b1B 0.4690 -6.58
1244, 124, L
" a2A, b2B 0.8290 -1.63
a3B, b3B 0.3040 -10.34
0.707c1(a2A-b3B), 0.800 -1.94
1244, 124,
0.707d1(b2B-a3A)
0.707c2(a2A-b3B), 0.600 -4.43
0.707d2(b2B-a3A)
1245, 124 alelA, ale3A, 0.2357 -12.55
bl1flB, b1f3B
ale2A, b1f2B 0.9428 -0.51
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10 chain or dotted Iine vectors. Signals blf2B and
al e2A on respective antenna elenents 1224 and 1229

w@e®@4fi02784 i ons of and are in phase w th i nput BCTG&R004/002016

vectors A and B, and they are 60 degrees apart in

phase as, indicated by two bi-directional arrows each

mar ked 30 degrees. This draw % contains full

i nformati on regardi ng signal gni tude and phase, and

will not be described 15 further. Referring now to

EFigure 9, an antenna system 150 of the invention, is

4Rbih 4 fgives ppiaden ratipay amspligides éveliages mseicalsulated from

152n enpl oyi.ng.doubl e variable delay, n being an
BPBiELS prﬂ}?bég@it%upﬁ{% evatta first splitter 1541

receives an input signal Vin, and splits it into two
signals one of which has twice the 20 power of the
BefierringOhavh edso ttooFsguysal s thetee ihishbem powectd diagram for the
is routed to a first variable phase shifter 1561 and
antennaveyrstgpunel@ evlsem tlad phase diffestncef batavequh aigaut signal vectors
shifter 1581. The first fixed phase shifter 1581

Ar anfldBsisafl slegpers, whighals the: aaghe aprwhidhxthe phase front of the
shifter 1582 tqo a second splitter 1542, which splits )
fatenpaoaray; dadl 1§ pdimised M thas fxamapleoufpienna element drive
bus | ndicated by Path 25 P, The fjrst_variabl e phase

81 %?IQLS%‘%CBW&!IM@&%W%@@ gad Bhepeabytreplid wadiug vector arrows

) A RN BB A 551 5 B v
(e AE Ry Oﬁﬁﬁf@%ﬁ% t ngt-l‘l)%géigﬁ ?ﬁ%hﬁﬁt SIEAIE 8 dnijeated by
SRR O A Hne P8P Sikpel BROR8 W0 R0YER df m- sl antenna
S, PIEHE 2% eSS G s PRt s
$0&tor§ A tantB Oafld ?_thé}f 915‘@'6&)‘ E%x‘ée@ %ﬁﬂ '!F?w gh%gg ‘élg,rindicated_ by two

output via a bus.indfcate at h

bhdieetiodaburRal§dch RakddBhalkerdes. TMhig@aNeng contains full

i ndi vi dual conductors respectively. The signal

hifeetnatios @gatdinlassiBnalneipthifddessisd phade sath @il not be described
combi ni ng and
further.

Refefring now to Figure 9, an antenna system 150 of the invention is shown
for a phased array 152 of n elements 152, to 152, employing double variable
delay, n being an arbitrary positive integer. A first splitter 154, receives an
input signal Vin, and splits it into two éignals one of which has twice the
power of the other. Of these two signals, the higher powered signal is routed
to a first variable phase shifter 156, and the lower powered signal to a first
fixed phase shifter 158;. The first fixed phase shifter 158; provides an output
signal via a second fixed phase shifter 158, to a second splitter 154,, which
splits it into n signal fractions al to an for output via a bus indicated by Path .
P. The first variable phase shifter 156, provides an output signal to a third
splitter 1545 which splits it into n signal fractions bl to bn. Signal fractions
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phase shifting network indicated generally by 159. The
network 159 is 10 simlar to that described with

wo edoenea1de to Figures 3 and 4, and will not bePCT/GB2004/002016
described further. It has the function of conbining
and phase shifting signals to produce antenna el enent
drive signals that vary. appropriately for the phased
array 152. The use of two vari#bl e phase shifters 1561
and 1562 is not essential, but it increases the range
of anq$es over which an _antenna can be 15 tilted

r

BRet rim ey oBtPW oFiisaethird firsé ligedophase phifier 496 and a bus
G by, Sttt b3l Lo onaloombl nel OB cignal
E@q&a@gg tﬁ% If@%&i@hﬁgﬁééﬁgﬁr Isla%lt Jaﬁatig gﬁ ggé@ilsq%grsbgglné variable
i ab h ' | ' J . Ve s
HReng Sl BUT3Bay RECE U Rolat SRR 155 aPbicbtls it into n
. 4 10, Fi
Sl el 38 SR8 P S SRR O T5uh T Fhe buses
iRl 5P BY L RUOR AR AT 25 W0 hRinjERAP conductors
Yé&d 'e%ﬁ'tvepj‘,- the system 150 described with reference to

Figure 9. Afirst splitter 1741 receives an input
signal Vin, and 25 splits it into.two signals one of

s bl dractiomh on Pater BY Qiadia R Pess 4t a sigBAlscombining and
bhast SAfuRL, Rtk miitnet sehtafhaned & o dhe pifwork 159 is
SltbBbp 36 faf FESATHEY i 2BNRAEY 19 Birbprdl'd SHETE and ill mot be
SBscfEShAe, g5 SRR BL AL phsiin signals
19 rodRide AhEled RO OAY. stntls thaf Nary Sipgiifiately for the
Phhéé’d aﬁl%?: 152/ TAS ;ﬁ§e WitGd sRiAbR ugllme SHiFRH 1 ?6951%%1 1r562 is not

nto two gnal s of nagnitude eq to that of vecto

Ssseitfal Obut e sferbgessingnangel 6f BASIANGVE0wRSCIR Aneaihna can be
tilted electrically as compared to the use of only one such. Figure 9 may be
extended with additional combinations of variable phase shifters and splitters
if a larger range of tilt is required: i.e. just as bl is variably phase shifted at
156, and split at 1544, c1 may be variably phase shifted and split to produce
d1 to dn, d1 may be variably phase shifted and split to produce el to en, and

SO on.

Referring now to Figﬁre 10, there is shown an antenna system 170 of the
invention for a phased array 172 of ten elements 172; to 172, employing
ganged double variable delay. It is a variant of the system 150 described with
reference to Figure 9. A first splitter 1744 receives an input signal Vin, and
splits it into two signals one of which has twice the power of the other. Of

these two signals, the higher powered signal is routed to a first variable
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B, and it passes to a fourth splitter 1744 which
splits it into three signals blB to b3B. The ot her of

w0 baga0279® si gnal s passes via a second vari abl BCPO&3@4/002016

10 shifter 1762 to a fifth splitter 1745 at which it
Is designated as a vector C, and which splits it into
three signals ¢ 1 Cto ¢c3 C. Signals blB and c1C pass
to antenna el ements 1723 and P#28 via antenna phase
shifters 1823 and 1828 respectively. Signals b2B, b3B,

C and, c3C respectively provide 11 input signals to
pﬁa%@ shifteroht0: and the dawer povtarcdsognal g@grf@@ hyBPidpgree phase

ﬁﬁﬂqrﬁ%r@éiﬁﬁa | Dot o Wbl RRGA MEiHe) P designated as
A Rrca- B Brovided oo il o %eﬁeéégécs er | P Which splits
Qﬂeﬁfﬁﬁg&%}é@ﬂﬁsﬁ%?§%§%§%§éﬁ%§b la 1722, 1724 to

1727, 1729 and 17210 receive drive signals from

outputs of 20 the hybrids 1801 to 1804 with anplitudes
dbesErstovariphler ghiase sstifeow, 76 oprawides amheuwsput \sagrwit to a third
for elements 1723 and 1728 have .been added. Here

fRbter dodhapbicie splits they owipmt 1528l mgTr‘@Bz@gmtﬂogﬁ magmtude
32 Table 5 tenna El emre brid Cu t Sl na

£aped fbeat oy Cﬁqyb% gng gt h%%ttm Sigrgl Signatebas a vector

pandy g’gsgﬁr%fg SRJHf'faul 74"y éBEBA%t igfirep Afgnals b1B
REaE Ee th%%ﬁ“ﬂif?%i Bt prBSAY it 74 Sadff Viriable phase

SRRt 1 76,00 D f&ﬁ?%{lﬁéﬂﬂs at which it is designated as a vector C, and
which splits it into three signals ¢1C to c3C.

Signals b1B and c1C pass to antenna elements 172; and 1725 via antenna
phase shifters 1823 and 182 respectively. Signals b2B, b3B, c2C and c3C
respectively provide I1 input signals to first, second, third and fourth 180
degree hybrids 180,, 180,, 1805 and 180, of the kind described earlier. These
hybrids provide a signal combining network. Signals alA to a4A provide 12
input signals to these hybrids respectively. Via respective fixed phase
shifters (PS)"‘ 1824, 182,, 182, to 182,, 1829 and 182, the antenna elements
1724, 1722, 1724 to 1724, 1724 and 1724 receive drive signals from outputs of
the hybrids 180; to 180, with amplitudes as set out in Table 4 below, to
which the equivalents for elements 172; and 1723 have been added. Here
N/A means not applicable.



1728 NNA ¢ 1 C 1729 Hybrid 1803, output D 0.707(c2C
a3A) 17210 Hybrid 1804a output D 0.707(c3C a4dA
wo/a00ue276d splitter ratios are given in Tabl e BCheBowt/002016
where as before voltages have been cal culated from
powers normalised to sumto 1 vvatt WO 2004/ 102739
PCT/ GB2004/ 002016 33 Table 6 Sputter Ratios
Splitter Splitter Qutput Volt&ge Decibels alA a3A
0.3162 .-10.00 1742 a2A, ad4A 0.6324 -3.98 1744 blB,
b2B, b3B 0.577 -4.78 1745 cl1C, c2C, c3C 0.577 -4.78
Thelev4ri abl e phase shifters 1761 and 1762 are ganged
as 1 ndicated by arrows and dotted |ines so that they

A +nnr\+Jngr AnAd A r\nuoL n}‘\acr\ chi -F+¢— Tha\l -are
vu.l_y (AT A ottt e Equ PARR=E S T €Y—art—

Co%ﬁt@nhédﬁlém&ltt'” COH YISk Bghpapi sm 186. 5 Ig;

be seen from Fi guré 10 that only“the upﬂ)er hal f of the
array 172 (antenna el enents 1726 to 171?10) recei xves
signal contributions associated wth fracti piitude
etc—fromthe i ftirsptitter 1745, thesg contributions
havi ng 1ifer gone twdHybridat80s, phgse Shi f t 8.787(b3B1+ a2A)

d 1762 Moreaover i only the lower half of the array

172, nt enna €l . 1 25, r i

Si gnal ej&%ont ributji %ﬁggégs%%(ﬁaf)gﬁ)%§h frgg]ﬁﬁﬁg‘];bﬁ—lalA)
etc. fromihe tourtn spritter 1745, these

contri buti2ans havi ng under gd®EA one vari abl e phadelB
shift at-1761. BotHh 172 (other

than antepna el enent gyyidd @, ddeftk 8¢ ¥707(b2B - alA)

1725 Hybrid 180,, output D 0.707(b3B - a2A)
1726 Hybrid 1804, output S 0.707(03’C+ adA)
1724 Hybrid 1805, output S 0.707(c2C+ a3A)
1724 NA  clC

1724 Hybrid 1805, output D 0.707(c2C- a3A)
17210 Hybrid 1804, output D 0.707(c3C- a4A)

Values of splitter ratios are given in Table 6 below, where as before voltages

have been calculated from powers normalised to sum to 1 watt.
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signal contributions alA etc. fromthe second splitter
1742, these .contributions not having undergone a

wQo a00i4abl789 phase shift at 1761 or 1762. 15 Ref eP€T/GH2008002016

to Figure 11, the antenna system of the invention nay
be inplenented as a single feeder systemor a dua
feeder system In a single feeder system a single
signal input 200 supplies a s@@nal Vin via a feeder WO
2004/ 102739 PCT/ GB2004/ 002016 34 202 to an antenna
assenbly 204 which may be nounted on a mast with an
FhRNga array 206. Signal splitting, variable and
fixed phase shifting and vectorial conbining as

PP ~W-- P~ W- "

HEP~ - | aaaaat P~ - N N ol o204
SUT T UCU CATrfrrol T o 1 ITPI CITeTpr T T71T U TIT Ao oCTITUI y LVUS

n the mast. |This has. the advantage gﬁlﬁtexonhmogne
gl gnglph'h%@d ils Spﬁwef@htpgtS pass to the antenna

slystem from a renote user, but a i{]St t hat alr)e t‘f
perat or cannot adjust the angl eggf)tég%ctrical @g&es
Hhott—access—to—the—antenta—assenbly—264—on—the
st. Also, gperahPAs asharing a sQrflg2 ant enna -1¢000 d
|1 hagd,the |same_angle of ellectrical tilt. Figure 12
shows an ant gnna system,of the i nxenjjon inplene d
a dual 10 fee&é&?@ em 210. étﬁ@@ystem haég'g%

t—controt—sectton ’Zii.fvvniph generates ttwo srgmats

A and4y2B as déBcb2Bsd3®ur i er, (AHAT7t hesg si gral/s

e fed via rlespective feederls 214A and 21 to an

ten array| 21 T it icontr, ectiqgn 21.
zlgw bgé}fj’écat ed ﬁfphczebscgréremtel@BF om t he aﬁ%‘ ngt
array o0 and—mast_om Wi cihr 7t T35 Tounted,  and _an
antenna feed 15 network 218 (see e.g. Figure 4) may be
direl vaddlele phidse stiftesni 26nandriy, ar2igangsidyasmindicated by arrows
splitting, fixed phase shifting (if desired further
undiddstad hinaseso thit theéynyary segethad andgive aqmabiphiasg shéfts. They
described earlier-is inplemented in the assenbly 216.
Armg@ntrﬁﬂydmh%@omgﬁmecb@nm I8$.the tilt control
section 212 to adjust- the angle of electrical tilt
renotely fromthe antenna 20 array 60 and nast, and

TR afeke delhsfragh USipieat]1( tHsPonletheyupperohlfl of the array 172

(antenna elements 1724 to 17215) receives signal contributions associated

t

with fractions c1 efc. from the fifth splitter 1745, these contributions having
undergone two variable phase shifts at 176; and 176,. Moreover, only the
lower half of the array 172, i.e. antenna elements 172, to 1725, receive signal
contributions associated with fractions bl etc. from the fourth splitter 174,
these contributions having undergone one variable phase shift at 176,. Both
halves of the array 172 (other than antenna elements 1723 and 172) receive

signal contributions alA efc. from the second splitter 174,, these

~contributions not having undergone a variable phase shift at 176; or 176,.

Referring now to Figure 11, the antenna system of the invention may be
implemented as a single feeder system or a dual feeder system. In a single

feeder system, a single signal input 200 supplies a signal Vin via a feeder
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users sharing the antenna assenbly 216. In a dual
feeder installation it is also convenient to reduce

wao Rdod/16888%5i tivity to |essen the effects of phBGEGB2004/002016

di fferences between feeders, e.g. a difference

between the angle of electrical tilt required by the

operator and that at the 25 antenna. Wth a respective

tilt control section 212 locat¥d with each operator

and at an input side of a frequency sel ective conbi ner

| ocated at an WO 2004/ 102739 PCT/ GB2004/ 002016 35 .

P2 tatan aptennseasteanblyn204 twhichpmayi be enpsntethpang #pasf with an

BB A, i DS i
FEAEESR AT 30 e S ¥ BB sy 20
BB Bt LR R B BBl it
B 1S BB ARG R RSB0 ¥ Loy Mol BARRGe tha @ remore
OB e AR B, TR Al Becess o
Pl bR PR o T, Shelnbds Shalifle fnele antenna

3u1AeIMESTe Bilsdme WRiie bl MddtribangRass filters 253
and 255 and a | ow noi Se anplifier or LNA 257. Transmit

and receive frequencies are.normally sufficiently
to aIIowthemth I.ated.fromlglne

Bl sy o iy el of BF A0 Eheapnig 00
Flting et 5180  SRGRHC bR S PG SEhldn 212 wheh
bbb R 4 v SECARSEEBES, My il

F S5t e e 0 P80 216 e

%gg?élgﬂ%%? gééstfi@@%%a%ﬁ AbwP BV RRALQPRFith RASSef kéfBtsly from the
antenna array 60 and mast on which it is mounted, and an antenna feed
network 218 (see e.g. Figure 4) may be co-located with the antenna array
216. Signal splitting, fixed phase shifting (if desired further variable phase
shifting also) and vector combining as described earlier is implemented in
the assembly 216. A user may now have direct access t0 the tilt control
section 212 to adjust the angle of electrical tilt remotely from the antenna

array 60 and mast, and may make this adjustment independently of other

users sharing the antenna assembly 216.

In a dual feeder installation it is also convenient to reduce tilt sensitivity to
lIessen the effects of phase differences between feeders, e.g. a difference
between the angle of electrical tilt required by the operator and that at the
antenna. With a respective tilt control section 212 located with each

operator, and at an input side of a frequency selective combiner located at an
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20 In addition to operating in transmt node, elenents
242, 244, 252, 254, 256 and 258 to 265 have the

w@apahol7Bey of operating in reverse in recei veP@DG82004/002016

with e.g. splitters becom ng conbiners. The only

di fference between the two nodes is that in transmt

node the feeder 265 provides input and transmt paths

243 and 243f are traversed byS& transnit signal from

left to right, 25 whereas in receive node receive

pat hs 249 and 249f are traversed by receive WO

operatae base ptitiam204/ possdile tozenplesnents af shawed jagitenna system
tqQ left and. feeder, 265 provides their conbined output.

TR ap spdivdual Grele o1l f@%ﬁ%qelapearatﬁr-ci recuitry 2641

to 264,, and 260 to' 254 by phase shifting and

conbi ni ng antenna el enment signals generated by the

Bigwy 1362hows esphasedt arragcantennafl sgstengn240f obnthe invention
free space. The system 240 1s 5 advant ageous because

equial emts tarthiae sshafwe | imc Higem 3t with i modifibationnfori nse in both
and receive nodes to be independently adjustable and

receiee reade traneadit modendParys paeviotiskadesaribgdoars! like-referenced
this is not possible because antenna system i

BaHb enenefix and qudyicshangssnwallt bprdgssrihess Anivariable phase

b1 24 righ D 15, PanIal1 A TpHESBASEC 1y CERFEHRAT) mode
{% tgﬁgl qgrfgl}nt@gg?cl, gﬁ‘@&&n%ﬁwk Srﬁﬁsfﬁ%%f%fl%q{%sé% iarnld in series with
8B5aRREY LR (PR 205 S 20l Tof: BURSEa bl G TR path
245 L RIS e P, S5 g, s
FHAToL, A0S Y S B BB BN AP, Tt and

gé%er?‘vé Eﬂj%:c;l‘gélrf‘éie? a}‘? Ei{bﬂﬁeﬂpp "sufi‘?&ghglgeggf?é;&;@fx'gtoaaﬁdiw {Rem to be

cates first or secon 01 or 302,

i’s’lﬁa%dsﬂféfﬂ Sné adotiier @fbﬁﬁ&gﬁss fAiters B1payh. Oni ssion
of t

ese suffixes froma reference nuneral prefix
(e.g. 342) neans that all itenms having that prefix

There %frg rfru%t%etroand largely equivalent second transmit and. receive paths
243f and 249f associated with fixed phase shifts y: these have like-
referenced elements with a suffix f. The second transmit path 243f has a
fixed phase shifter 246f between band pass filters 245f and 247f. The second
receive path 249f has a fixed phase shifter 251f and LNA 257f between band
pass filters 253f and 255f.

In addition to operating in transmit mode, elements 242, 244, 252, 254, 256
and 258 to 265 have the capability of operating in reverse in receive mode
with e.g. splitters becoming combiners. The only difference between the two
modes is that in transmit mode the feeder 265 provides input and transmit
paths 243 and 243f are traversed by a transmit signal from left to right,

whereas in receive mode receive paths 249 and 249f are traversed by receive
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20 Initially a transmt channel 307T1 of the first
operator 301 will be described. This transmt channel

wham4am7BF | nput 342 feeding a splitter 344T1, PeiGBR004/002016

di vi des the input between variable and fixed phase
shifters 346T1A and 348T1B. Signals pass fromthe
phase shifters 346T1A and 348T1B to bandpass filters
(BPF) 309T1A and 309T1B in di f3erent dupl exers 31 1A
and 25 311B respectively.- The bandpass filters 309T1A
and 309T1B have pass band centres at a transmt

sigeaisefroyn oightite leftrand fesdent265 ponvides theit coquimegd output. The
bei ng WO 2004/ 102739 PCT/.GB2004/ 002016 37 desi gnat ed
reoeivesigmls citeegenerated inrliswyy Zhé: ftpr 2640p8 a269 1‘0 254 by
301 al so .has a eive freque y de3| ated Frxl

Bhase, shiding mcqwélweapé %‘Pﬂ suals gepetased hy § the array

b o R POHISE 1 G0t BF o el i dpas §Pacq. EE System 240 is
AvataerPys FEalEh i IbNG SR} aq‘%’(“ Heftfa it gy boM fansmit and
RERE o ik lhachifafh. MharaDle, LN Be, made cqual

glescr |1373§§ﬁtr11t disaavl ae%g);ﬁnﬁ? tth&:%%\n{lﬁt %Zsst?(glet I%Chh&g antenna
?Pﬂ%ﬁ&j Sl ﬁnéﬁ‘ﬂseﬂﬁ% %gu@llﬁr-ld%g)bﬁdeﬁ@ Propes Bﬁieleivhlch differ at

rst oper tor transmt sign frequen

Qi iF-aBRAHEA%E eV fiefueRORI1B i s conbi ned by the

second duplexer 31.1B wth™a |ike-derived second
operator transmt signal at frequency Ftx2 output from

388 ke PSR AL RPN 0 of e
S A H AT e I 3yt o
BT g TSI R v

Qeth%@e Aidfsy™8 %ﬁb&i’ Al Hﬁé-'reﬂer@né%qp ol &Y ar halhe 300. The
ase s each case, 1.e. varlable phase

%ﬁh@vﬁﬁg ﬁfsﬁ-ﬁlﬁuﬁﬁbe%@-fz&ff@r%ﬁ? CdHat®leYs: parts in different channels
which are equivalent are numerically like-referenced with one or more
suffixes: a suffix T or R indicates a transmit or receive channel, a suffix 1 or
2 indicates first or second operator 301 or 302, and a suffix A or B indicates
A or B path. Omission of these suffixes from a reference numeral prefix (e.g.

342) means that all items having that prefix are referred to.

Initially a transmit channel 307T1 of the first operator 301 will be described.
This transmit channel has an RF input 342 feeding a splitter 344T1, which
divides the input between variable and fixed phase shifters 346T1A and
348T1B. Signals pass from the phase shifters 346T1A and 348T1B to
bandpass filters (BPF) 309T1A and 309T1B in different duplexers 311A and
311B respectively. The bandpass filters 309T1A and 309T1B have pass band

centres at a transmit frequency of the first operator 301, this frequency being
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Anal ogously, receive signals returning fromthe
antenna 305 via network 315 20 and feeders 313A and

WQ1B® 162789 di vi ded by the dupl exers 311A and 31B@I/GB2004/002016

These divided signals are then filtered to isolate

i ndi vi dual frequencies Frx1 and Frx2 in bandpass
filters 309R1A, 309R2A, 309R1B_and 309R2B, which
provide signals to variable afd fixed phase shifters
346R1A, 346R2A, 348R1B and 348R2B respectively.
Recei ve angl es of electrical tilt are then 25

derignatas Bivlyas ikliegeddndhe droviagd [hedirsh @pseaosilyalso has a
by adjuysting their re ctively variabl e phase
K661 Ye AECBUEIRY W@@é%%lvﬁ YT f&nﬁoﬁg ‘3@ second operator
4/ 102739 PCI/ B2004/ 002016 38 than two operators
e é%iﬁpﬂggxgﬁ transmi ssion or separated in .
reception by replicating conponents: i.e. instead of
components with suffixes 1 and 2 there would be |ike

‘Therforse mperatior liranshiit xégnal atdfrequéreryeFtxd pdetputefroomlee leftmost
of operators. 5 Fig;r.e 15 shows a phased arrai/ antenna
byadpassa fidtesf 309EL Anvencomhinest gt yhet fisstsduplexert AhlA with a
shown in Figure 10. Parts previ O_US|aﬁ/ descri bed are

a

likpedersce seerizd Opetaion trnsmt signak apfeesuegcyobizehgutput from
only .nodifjcations_wl| escri bed. The system 470
msadaamms{)a%éWﬂQﬁeaﬁ@mcfﬂ@émQ@nhwqﬁ Stgnaig pass along a

 FRds VAN Bagenii R MO RAS DY ki #B6bed dn cartier

PGB LGS 0 O W8P SR 0o ST, e o
OSSP P 5§ R poncss e
SOOLBE e AR BEThETIR QA UBIA JIILEN 3, ke-derivea

QoY Speftdf Y ARSARLESN A af %%Eﬁeﬁ%? ?ﬁig P?F%M Fdm an adjacent

reference to Figure 107 except tha t and

B&ﬁ%’gﬁ’ssVﬁItbﬁ BOOTRIFSEh&IY Ed@bindd §i1%ri%ﬂ§' pAgo %léﬂag angecond feeder
I on S :

r ganged but instead are adjusted independently.
B13Br yithesphlied array antenna 305 via the antenna tilt network 315.

Despite using the same phased array antenna 305, the two operators can alter
their transmit angles of electrical tilt both independently and remotely from
the antenna 305 merely by adjusting a single variable phase shifter in each

case, i.e. variable phase shifter 346T1A or 346T2A respectively.

Analogously, receive signals returning from the antenna 305 via network 315
and feeders 313A and 313B are divided by the duplexers 311A and 311B.
These divided signals are then filtered to isolate individual frequencies Frx1
and Frx2 in bandpass filters 309R1A, 309R2A, 309R1B and 309R2B, which
provide signals to variable and fixed phase shifters 346R1A, 346R2A,
348R1B and 348R2B respectively. Receive angles of electrical tilt are then
adjustable by the operators 301 and 302 independently by adjusting their
respectively variable phase shifters 346R1A and 346R2A. Signals for more
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advant age that an individual angle of electrical tilt
can be provided for each operator sharing the antenna

waZ4fesBng frequency sel ective conbi ni ng suchP@QDG&B2004/002016

that shown in Figure 14) but the tilt range, common to

all operators, is extended. In practice the angle of

electrical tilt set by the second variable phase

shifter 4762 may conveni ently38e the average of the

i ndi vidual angles of electrical tilt of all the

operators sharing the antenna 472. \Wereas Figure 15 '
Warlj QRetatens anayt hee seembinadrinairansphissions Hitf tsgparated in

25 4762 within_the antenna radone 479, it nay al so be .

EdeDFERoLRY yrepisiatinge cADPORAILSD 2739 1psteadpZd0 400mRnEts with

39..r ado 7 sing a r mechani sm control Ler (not

Sz T Bud g ahere SonkbBe meensrnents S Hagubexatade m where
to. the antenna,.system 470 in accordance with the
%\?etﬂlﬁirﬁﬂnggrg Piﬁaa%%-t her the range of tilt conmon

to all operators. 5 Figure 16 shows a further

enbodi ment of a phased array antenna system 500 of
Fignrenleshowrs @p%las@d atragrantapna syptamtdet0 sPthe invention largely
arallel line couplers_(PLCs) SP2 and SP3 and 180 '

sa@er andhat shove spdigoresi(l Barts mreviousty deseribedpare like-
in SP1 etc. .indicates a splitter_and Hin Hl et

redarenaeds withappredix dodgreplacingu e mndyiondy rr@ﬁd%iq@tgns will be
deramebeThoaysisndlt hala it plaies SLbonidihsaits an input RF
PO R0l 70 % DA BB BRGLE PO 2 et variabe
AR Suitlei® 361 RB'a, PO Forllen Pl b 8ol JiFEH o a second
FARERATE, T 273 R0 M b8 2B utar mobit
0| Gl (DO, TIRY féedicS LT Cpafd 4777 Lot the base

gﬂ?ﬁt%#ﬁt& 2\ ot afGiha méer®, Anl Whﬁﬁ? ARSI Fhbiable phase

e signal Vinin the ring materia
shifter 476, is located.

The system 470 operates as described earlier with reference to Figure 10,
except that the first and second variable phase shifters 476, and 476, are no
longer ganged but instead are adjusted independently. It provides the
advantage that an individual angle of electrical tilt can be provided fér each
operator sharing the antenna 472 (using fréquency selective combining such
as that shown in Figure 14) but the tilt range, common to all operators, is
extended. In practice the angle of electrical tilt set by the second variable
phase shifter 476, may conveniently be the average of the individual angles

of electrical tilt of all the operators sharing the antenna 472.

Whereas Figure 15 shows adjustment of the second variable phase shifter

476, within the antenna radome 479, it may also be set remotely from the



10

15

20

25

A signal applied to an input port of any of the ring
hybrids SP4 to SP11 and Hl to H6 is split into two

W@ o0vpoessd s passi ng respectively cl ockwi se andPCRGB2004/002016

counter-cl ockwi se around the ring, which itself has a
circunference of (n+l/2)x,- where n is an integer

t hese conponents have rel ative anplitudes determ ned

by the rel ative inpedances of 3Phe paths in the ring

they pass along, which allows splitter ratios to be
prearranged. Two signals received fromrespective

fadioune pé’?? suging antsexva meshanismaucpntropsrt (wetl 1shoan)a Further
phase 25 and wj|]| be added together tqQ give a sum v,
vaiphle. phasesshHiETs maay; Dedade to egﬁe&ntﬁananﬁmtem 470 in

orts distant 4 and .3X/ 4 from ut put port wil] be
Rercrdangg 3 ito 308 JnEentieRi0cHioed %ﬁ%eagﬁaﬁ’gpgﬁ lfily gpmmon to
i11' be subtracted fromone another to give a
%ﬁfﬁ@?%m%% output. At an output port distant X/ 2 from
an input port, two signals received via clockw se and
count er-cl ockwi se paths respectively from an i nput
Bigure 16 shows a furtwr gimbediment of biphgsed arraeavtenna system 500
resultant if path inpedances are 5 equal: this .
ohdhef treentiy ameployingsax1mpasplitenndBnepardialeline couplers
Each ring hybrid SP4 to SP11l used . as a splitter_has ‘
(FECs) SHaAnd SEviand 180 dugieaiyng HoReid SErriovgPL and H to H.
nn ed recei ve an input signal _and second. .
ERARSH Sh S Parics dRdesln & SPHiee SRac We e Ridicapesra hybrid
a tched | oad).... The t i nation T.provides a,Z€kO0ar:
hiedias & rmendditertien (SDT @iderfy F6RIafdR3 BRSPS o SP,
sphitters,SP4 tg SP11 divid i gnal s _on 4 hej i st
AR Farkts aschd ReeR TherrSt ABR sBeBRg I ot 'and first and
i ¢ cheol | o Cat]  ned
KOS gl PR RSEENE, SRUALNG,! B SSIRHEf TP dontwardly
EoPl2Puobls, IR oA potfs bP@AEKIAE S affictdior hyprids H to

Heub! §Lﬁﬁra§§iu ?gfg@{en%%lo{ht%ﬁs EN@icRfPbySS Hil D %@V\%[fé%(t)ifvely. Each

are eac 0 -3dB" 15 conpared”to the po

hfRAting : ! 109 ted fr
Pgﬁ o RH 1n§i\€iﬂﬁh} ijﬁ%jhysﬁdsm{gir s%&wamg 0335 & separated from

rough a variab ase shif and appears on a

bheSJort B5EdiSAAc8N/A and from another port by a distance 3A/4 around
the ring circumference in each case. Here A is the wavelength of the signal

Vin in the ring material.

A signal applied to an input port of any of the ring hybrids SP4 to SPy; and
H; to Hg is split into two components ‘passing reépectively clockwise and
counter-clockwise around the ring, which itself has a circumference of
(n+1/2)A where n is an integer: these components have relative amplitudes
determined by the relative impedances of the paths in the ring they pass
along, which allows splitter ratios to be prearranged. Two signals received
from respective input ports distant A/4 from an output port will be in phase
and will be added together to give a sum output. Two signals recei.ved from

respective input ports distant A/4 and 3A/4 from an output port will be in
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vector A. The other, signal so fornmed appears on a
second feeder 506 as a vector B; it is possible to

wo ptaes3a fi xed phase shift (not shown) betweRCT/GB2004/002016

first splitter SP1 and the second feeder 506 as

descri bed earlier. 20 The signal vectors A and B pass

as inputs to the PLCs SP2 and SP3 respectively, each

of which has two output termi #@l's 01 and 02 and a

fourth termnal T4 termnated in a matched load T -
providing a zero input signal. Fromits input each of
ahapkases agd2 willd bePSubiracted: éomi gnal anatheoutop@ive a difference
termnals 01 and 02 which are reduced in power to

o0tpizd At smdoutp®t poaBdBantedf2efroiny anyinpst poirt;évitmsignals received
i nput signal in each case. The two resulting WO i
yoogslookavise 0T coBnta4¢lockwise paths @«.aspmavg%g A&d® Anomput port
the PLCs SP2 and SP3 are fed to the first jnput .
vaHnbadnsandtphase and twihgaveigyrero spsulfant § ppth imgpedances are
SP8 respectively, whereas he -16.11 dB signals are

eqaalk hisriberafprs 150)ies n@tsfpfw?aaga@ffrqm@m arotherd

seventh splitters SP6 and SP7 respectively. 5 The

fifth splitter SP5 divides its input signal ‘into

BatRuUting iyt SP) ¢d SPR usedluced dphitRaVBAs belfiedt tlpht terminal
of the gnput Si gn%al to i-5‘15. 3dB and p}l 5dB, and thellglglKl ‘
Cintwritd]ys direates] arewedotinedtbé thirestivenputinpet sighal sindfa second
the fourth splitter SP4 and the first SD generator H
mgupeetmuellconfiectddtd p respectevegterininptiont Er(a me@®hed load). The
divides its -0.12dB input signal into output signals )
tegnBastiandl progdiesiDzers mputegnalp consegmently , thendng hybrids or
t hese out put signals are fed respectively to the i
splitiersi wButo BB nilivdde signalp @mtheinfizgs inpus teropigalsm between their
the second SD generator H2. The fourth splitter SP4,
wspeghiye quiputterppals\pith sspraive spHERE gatios i‘ij’ﬁ%ﬂl’@lnﬁd by the
1.68dB.and -4.94dB below its input signal: _ of these

Fa{0 Of IBpeAancR PEtWaSTHHIMUL 2N dr YDV SCTninakein gagh Case.

fi xed phase shifter PE4 and thence to an 15 antenna

el enent E4 of a twelve elenment antenna array E. There

s thogysteat S00, m8 innedrdier eanbodimentspraseput signal Vin is divided
shifter/antenna el enent conbi nati on PEn/ En

by the first splitter SP, into two equal signals which are each reduced to -3dB

compared to the power of the input signal Vin: one signal so formed passes
through a variable phase shifter 502 and appéars on a first feeder 504 as a
vector A. The other signal so formed appears on a second feeder 506 as a
vector B; it is possible to include a fixed phase shift (not shown) between the

first splitter SP; and the second feeder 506 as described earlier.

The signal vectors A and B pass as inputs to the PLCs SP, and SP;
respectively, each of which has two output terminals O1 and O2 and a fourth
terminal T, terminated in a matched load T providing a zero input signal.
From its input each of the PLCs SP, and SP; generates signals at output
terminals O1 and O2 which are reduced in power to -0.12dB and -16.11dB

respectively relative to the input signal in each case. The two resulting
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(n =1to 12): connection of the line Ln to the fixed
phase shifter PEn is not shown explicitly to avoid

w0 ow4treaT1y9 over |l appi ng lines, but is indicated PYT/GBREA/002016

at the end of the line Ln in each case. The -4.94dB
out put signal from 20 the fourth splitter SP4 is fed
to the second input term nal g t he second SD
generator H2. The ninth split dr SP9 divides its i nput
signal into output signals -1. 68dB and -4.94dB bel ow

14 2208 Sigrat§ "rom The' Fi,ﬁ%té;‘?ﬂ 3o S it oo T ey first. input

{ectEaR 8P B Bt Bha <iith P SP5ana BB RebpgddRly, whereas

%feﬂte e tlgldﬂf sigils R iteh o qfﬁlsr il Rt AR, of pboSisch and
SRt SPHitet SPRand SRCRGBIRIRELEY | (% LaPHT ot O ot

term nal of the fifth SD generator H5, and the other
ut termpal .of the third S

J&Eﬁf %hgfplﬁr % s 'git%sqﬁpﬁs 4pPpt segnadpnto OWpYp segngs which are
e A r@%ﬁgﬁ?goéﬁ% Sioltotiepal 825 G P saB, and
@%%#%bﬁ shotdlb g% %ﬁr""s&ﬁgﬁﬁﬁ“e i tS pf h@tupth splitter
$, &ﬁﬁ%ﬁ 14D, S8 SR B ECSIFEHES, B iien spliter
oLy 2ARicesCls 15 PRES i8R lertdi SRS sl Sty 3PMIB and -1.54B

RS TTALY, 50 ot SRS SRRy o e

fist inphit E@enidal 6f ﬂ{eeﬂﬁﬁh %gh&@} P caanpeteeoha ST) geverator H,.
input "termnal of the eleventh splitter SP11.

tenth splitter SP10 is an equal splitter produm ng t wo

T Tout Bifice %87, Bridsd €3S 2T el nfi ugput sigmals -

g ntaﬁlé'g s lﬁdﬁ fblfei(gxgvjptﬁ a@gh‘t ns?gﬁgl: LAY fY'21.684B output

signal is fed via a line 14 to a fixed phase shifter PE4 and thence to an
antenna element B4 of a twelve element antenna array E. There is one such
line I'n for each fixed phase shifter/antenna element combination PEn/En
(n=1 to 12): connection of the line Ln to the fixed phase shifter PEn is not
shown explicitly to avoid too many overlapping lines, but is indicated by
"PEn" at the end of the line Ln in each case. The -4.94dB output signal from
the fourth splitter SP, is fed to the second input terminal of the second SD

generator H,.

The ninth splitter SPy divides its input signal into output signals -1.68dB and
-4.94dB below its input signal: of these the -1.68dB output signal is fed via
a line L9 to an antenna element E9 via a fixed phase shifter PE9. The 4.94dB
output signal is fed to the second input terminal of the first SD generator H;.
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shifter PE2. The other of these output signals is fed
to the second input termnal of the third SD

w@emened7sy H3. Simlarly, the el eventh splitterCBBB1004502016

al so an equal splitter producing tw equal output
signals each 3dB below its 20 input signal fromthe
second SD generator H2. One of these output signals is
fed via a line LIl to an anteffRa el ement Ell via a

fi xed phase shifter PE11 and the other is fed to the

cond i npyt termnal of the sixth SD generator HG. .
Fhe siwth sbliges SPe is ap cgiiad sRlGEs Whichdrgsluess e tworepyt signals

T G BPeh BRL R A0 38 e
e Rerdinstor i R4 EEteRlSh Bl sR0 Rkt 8384 to the first
BT b B, B SERR R0y FEa- P SOy ERE SRR B is also

 BEESBIQHAAIASHR NP DNya SERR: SUEECRHR BAPs ot

' ' i i L Y
SR, IO L3588 ToR 1o SP BAROER I O te fourt
adyeath SDTpenSGteR HYRmd H‘g%épééﬁvéigBa ThE- 248D %Denerator H;
-5.3dB and -1.68dB at splitters SPlI, SP3, SP5 and SP4,
h&s pegtinh \(itput 8 t@imdcted to-the Js@BonéR@h?ht Yernphiad igfahef fourth SD

antenna el enent drive signals will not be described
generatorablal Yishas asdiéfprened entputlbDatomeusedndi sn imput terminal of
those given for earlier enbodi nents. The enbodi nents
ibfe temghi spletter &P1geSimilaely, abhevecaoel S0 gemgrator H, has a sum
hybrids. 10 They may be repl aced by e.?. 90 degree
ogipad Saconeectadipithe second input teadiinabef dhe fidfthiSE generator Hs.
hase shifters to obtain the sane overall .
umas pohiblareyce opgput B sonrected Sopamdnputiterndualmicthe eleventh
of .t he #nventi on have been described based on a

%Igéﬁﬁerr@ Ht  connection of splitters and hybrids,
abbreviated to (S-H. Fromthese, further 15 exanples
of the invention can be conceived with nore stages,

The testhkSitter SPyois an equal splitter producing two equal output signals
each 3dB below its input signél from the first SD generator H;. One of these
output signals is fed via a line L.2 to an antenna element E2 via a fixed phase
shifter PE2. The other of these output signals is fed to the second input
terminal of the third SD generator H;. Similarly, the eleventh splitter SPy; is
also an equal splitter producing two equal output signals each 3dB below its
input signal from the second SD generator H,. One of these output signals is
fed via a line 1.11 to an antenna element E11 via a fi)(.ed phase shifter PE11

and the other is fed to the second input terminal of the sixth SD generator Hs.

The third to sixth SD generators Hj to Hg have sum and difference outputs S
and D providing drive signals to antenna elements E1, E3, E5 to E8, E10 and
E12 via lines 1.1, L3, L5 to L8, L10 and L12 and fixed phase shifters PE1,
PE3, PE5 to PE8, PE10 and PE12 respectively. Direct comparison of the
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Clainse 1. A phased array antenna systemwth

w@oejousoxbd e el ectrical tilt and conprising anP@r/Ga008/002016

antenna el enents, the systemincorporating: a) a

vari abl e phase shifter for introducing a variable

rel ati ve phase shift between éirst and second RF

signals, b) splitting apparatﬁ for dividing the

rel atively phase shifted first and second signals

into c onent signals,._and c) a sigpal cqnbining

PRVREAL st TRBRhiSIERAle VB 102 PORGHS| A STSAS Tscetyrd by antenna

SOPRSIE Dy RO 19 Bl I5e 08 SO MRS BBkt o
GREFUNE oGP Naalie R RSP S Ry o
LESRSRTER 1k PELFONAG bl iAotk ¥8p. 0008
5345348 TSARRORCUNALA PESP.  SRURAEL AUITDR ol of

. ! igils { ,
MhedBi N RERNMRS ggia]g%f 'Bgﬁgntt%ﬂhﬁ Elerhént drive %‘ig%a.ls will not be

vari abl e phase e system i ncl udes

daeoitdvas thdlmalpisass dfuivdlent dnRRBeMendRass tikdief biven for

a conponent signal which has. been phase shifted by

¢arbiet ensodiaierb) e phase shifter, the second variable
phase shifter providing a further conponent signal
output for the signal conbining and phase shifting

T8} ER A0S S5 i NIRRT BERER 10, degge hyorics.

variabl e phasé’s

R BPSESEHIAR Y O e e B B
&dtitibarst 9@ﬂ€g}é@pﬁh@ﬂif&?§ﬁ? obtain the same overall functionality,

but this is less practical.

Examples of the invention have been described based on a sequential
connection of splitters and hybrids, abbreviated to (S-H). From these, further
examples of the invention can be conceived with more stages, e.g. S-H-S,

S-H-S-H , etc.



shifting and conbining network is arranged to produce
ant enna WO 2004/ 102739 PCT/ GB2004/ 002016 45 el enent
waleiaoxsgnal s from conponent signals sone of RI/CGB2004/002016

have passed through all the variable phase shifters

and sonme of which have not. 5. A system according to

Caiml wherein the splitting apparatus is arranged

to divide a conmponent sigmal into further conponent

signals for input to the signal phase shifting and

conmbi ning network. 6. A systemaccording to Caim1l
Claimswherei n the signal phase shifting and conbining

net wor k enpl oys phase shifters and hybrid couplers

(hybrids) for phase shifting and vectorially conbining
1.  Ahphasstparmeyt ansémralsystém Avitly sadjostabdoradeotricad Gltaiamd

6 wherein the hybrids are 180 degree hybrids. 8. A

coyapEsingcar adia it antehai wlements; dhe Systenhypeooratag:

ring hybrids wth circunference (n+l/2)A, _and |

Mei ghbeaniablg peasesshifipnfar satroduoing a varable xelative phase

wavel ength of RE signals in_naterial of which each

ring shl@mtweﬁg fﬁéh?,ﬁ@@@?@@dﬁfsﬁl@}%t em according to

52 e, £ b B o B BRI
one. Hg PR sTERAsIBk 2pRAnd S R B M nat od wi th a
Dt c RotreraL Aot R e Sop CREADS e BB (BB By fons
Qe 2 |y gﬁgcgkﬁco%ciﬁﬁgh&gt i8nfd A BRMAE 25 eSpbAEyEUBVeOSi gR4F for

each individual antenna element with appropriate phasing

relative to other drive signals such that the angle of electrical tilt
of the array is adjustable in response to alteration of the variable

‘relative phase shift introduced by the variable phase shifter.

2. A system according to Claim 1 having an odd number of antenna
elements.
3. A system according to Claim 1 wherein the variable phase shifter is a

first variable phase shifter and the system includes a second variable
phase shifter arranged to phase shift a component signal which has.
been phase shifted by the first variable phase shifter, the second
variable phase shifter providing a further component signai output for
the signal combining and phase shifting network‘either directly or via

one or more splitter/variable phase shifter combinations.

4. A system according to Claim 1 wherein the variable phase shifter is a
one of a plurality of variable phase shifters, and the signal phase

shifting and combining network is arranged to produce antenna



convert input signals 11 and 12 into vector suns and

di fferences other than (11+12) and (11-12). 11. A
waymtamraccording to Claim1l wherein the splitPCTGB2004/002016
apparatus, variable phase shifter, and the signal

phase shifting and conbining network are co-I|ocated

W th the antenna array as an antenna assenbly, and

the assenbly has a single RF45:put power feeder froma
renote source. 12. A systemaccording to Claim1l

wherein the littin aratus in or.ggrtesfir

|
SecoRICTRRAL i1 ve Signats dkom Companant  SiEpAl% seme) 6f Which have
| ocat ed i.th the riabl.e. phase shifter r tely from
the- saseA operal e IarpRLPBE ThitleHs LB YGelot HHTtn have
t hi r?‘,ﬁ)%pl itters, the signal phase shifting and
conbinihg network and the antenna array are co-|ocated
as an antenna assenbly, and the assenbly has dual RF
i nput power feeders froma renote source at which the i
5.i r stA syysteme pceidingrtoailairphdswhezeirr the splgting apparatus is
.located. 13. A systemaccording to Clai.m 1l wherein )
t he mwsadetopﬂagée neemponent gignaligto farthghcempepent signals
shifter.connected.in . a transnj.t channel .. .and. the
oyst &AT INRFIGdbE 51wl hnse AHTEI G ap O aiiTRE BEtwork.
connected in a receive channel and further transmt
and receive channels providing fixed phase shifts, -
tand tAesystggnalccphding ®hClainnd sitreonthesipmab gthaselshifting and
arranged to operate in both transmt and recei ve nodes
by prcokinmgg astworka empheys phasee shiffard sand hybrid couplers
response to signals in the transmt_ _channels_and '
pr odbyheidskEer phas shidtingsangh yestartadhy sogrhiningvthe component
2004/ 102739 PCT/ GB2004/ 002016 47 devel oped by antenna
el erréiﬁ%aléper ating in receive node with independently
adj ustabl e electrical tilt in each node.

7. A system according to Claim 6 wherein the hybrids are 180 degree
hybrids.

8. A system according to Claim 6 wherein the hybrids are ring hybrids
with circumference (n+1/2)A and neighbouring ports separated by A/4,
where A is a wavelength of RF signals in material of which each ring

hybrid is constructed.

9. A system according to Claim 8 wherein the splitting apparatus
incorporates ring hybrids with circumference (n+1/2)A and
neighbouring input and output ports separated by A/4, one input port of
each hybrid being terminated with a resistor equal to the system

impedance and forming a matched load. -



10.

11.

12.

13.

14. A systemaccording to Claim1 wherein the variable
phase shifter is one of a plurality of variable phase

W@ boofit1e2739 associ ated with respective operat or BCT/@Be004/002016

the systemincludes filtering and conbi ni ng appar at us
for routing signals on to conmon signal feed apparatus
after phase shifting in respective variabl e phase
shifters, the common sigial feed apparatus being
connected to splitting apparatus and a signa

conbi ni ng ang. phase_shifii net wor k f or . providin
AsSyigm aceorhiae i Gl € onbered e@afhrﬂﬁlgaf? igheghfo
bot h aperators with Jpdependent]y adjusta
cghuc ahpar staas T and L FPovlbe $plt 74 SRiRzemges other
her.gi he rahity of variable phase shifters
ﬂ%ﬁh@ﬁﬁgggagdﬂggﬂghtive pai r of variable phase shifters
associated with each operator, and the system has
conponents which have both forward and reverse signa

Aprayiseerwi ngeordiag tot Cdaim uthviheaein tthe splitteng i gpparatus,

operative in _transmt and receive nodes.with ..
variablse ihase | shibier.uanduibe & imhase ﬁu ing rangh qpmbining

nodes. 16. met hod.of ~adjusting the electrical tilt
ngivarls g 6a aCRkE) SR AT IGYL SRa: Hoad AL asterhbly,
i ncl udi n afray aof an na el enents nd . he
SR opEs Pngnell iR Raf BPRG T deslrf {78 a remote
srﬁl tive phase shift between first and second RF

Q als, b) dividing the relatively phase shifted

first and second signals into conponent signals, and

WD 2004/ 102739 PCT/ GB2004/ 002016 48 c) vectorially
Ac osptstenm acpeading doi wdpimpHasehereint the

§MEtingo
.signals to_provide to provide a respective drive
ingorparates iisheseaond; and third spligers éﬁ]@ﬁﬁpﬁﬂ@ﬁ is located

wi prtggrlvgfigble phase shifter remotely from the second and third

S

splitters, and the sécond and third splitters, the signal phase shifting
and combining network and the antenna array are co-located as an
antenna assembly, and the assembly has dual RF input power feeders
from a remote source at which the first splitter and variable phase

shifter are 10cated.

A system according to Claim 1 Wherein the variable phase shifter is a
first variable phase shifter connected in a transmit channel, and. the
system includes a second variable phase shifter connected in a receive
channel and further transmit and receive channels providing fixed
phase shifts, and the signal phase shifting and combining network is
arranged to operate in both transmit and receive modes by producing
antenna element drive signals in response to signals in the transmit

channels and producing receive channel signals from signals



phasing relative to other drive signals such that the
angle of electrical tilt of the array is adjustable

WO poorgexsense to alteration of the vari abl e rePEr/GBe004/002016
phase shift. 17. A nethod according to Claim 16
wherein the array has an odd nunber of antenna
el emrents. 18. A nethod according to Caim 16 including
generating at | east one conpdident signal which has
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15. A system according to Claim 14 wherein the plurality of variable
phase shifters comprisés a respective pair of variable phase shifters
associated with each operator, and the system has components which
have both forward and reverse signal processing capabilities such that
the system 1is operative in transmit and | receive modes With

independently adjustable electrical tilt in both modes.

16. A method of adjusting the electrical tilt of a phased array antenna
system, the system including an array of antenna elements, and the
method incorporating:

a)  introducing a variable relative phase shift between first and
second RF signals,
b)  dividing the relative;ly phase shifted first and second signals into

component signals, and



17.

18.

19.

20.

21.

22,

nei ghbouring i nput and output ports separated by X 4,
one input port of each hybrid being termnated with a

WO e®ita02089 equal to the system inpedance and fPRPCTGBV0a/002016

mat ched | oad. 25. A nethod according to Caim 23
wherein the hybrids are designed to convert i nput
signals 11 and 12 into vector suns and differences
other than (11+12) and 4811-12). 26. A nethod
according to Caim16 including feeding a single RF
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signals in response to signals in the transmt
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A method according to Claim 18 wherein the variable phase shifters
are ganged, and the method includes producing antenna element drive
signals from component signals some of which have passed through

all the variable phase shifters, and some of which have not.

A method according to Claim 16 including dividing a componeht
signal into further component signals for input to the signal phase

shifting and combinihg network.

A method according to Claim 16 employing phase shifters and hybrids

for phase shifting and vectorially combining the component signals.

A method according to Claim 21 wherein the hybrids are 180 degree
hybrids.
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gnal feed apparatus after phase shifting in

respective variable phase shifters, the commobn signal
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apparatus and the signal conbining and phase shifting
network; b) providing signals to the antenna
containing contributions from both operators; and c)
adj usting electrical tilt ass88i ated with each
operator independently. 30. A nethod according to
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28.

A method according to Claim 23 wherein the splitting apparatus
incorporates ring ‘hybrids with circumference (n+1/2)A and
neighbouring input and output ports separated by A/4, one input port of
each hybrid being terminated with a resistor equal to the system

impedance and forming a matched load.

A method according to Claim 23 wherein the hybrids are designed to
convert input signals I1 and I2 into vector sums and differences other

than (I1+12) and (11-12).

A method according to Claim 16 including feeding a single RF input
signal from a remote source for splitting, variable phase shifting and
vectorial combining in a network co-located with the antenna array to

form an antenna assembly.

A method according to Claim 16 including feeding two RF input
signals with variable phase relative to one another from a remote
source to an antenna assembly and splitting, combining and phase

shifting signals in a network co-located with the antenna array.

A method according to Claim 16 characterised in that it employs
transmit and receive channels for operation in both transmit and
receive modes, and it includes producing antenna element drive

. signals in response to signals in the transmit channels and producing
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receive channel signals from signals developed by antenna elements
operating in receive mode with independently adjustable electrical tilt

in each mode.

A method according to Claim 16 wherein the variable phase shifter is
one of a plurality of variable phase shifters associated with respective

operators, and the method includes:

a)  filtering and combining ‘signals and passing them to common
signal feed apparatus after phase shifting in respective variable
phase shifters, the common signal feed apparatus being
connected to the splitting apparatus and the signal combining

and phase shifting network;

b)  providing signals to the antenna containing contributions from

both operators; and

c) adjusting electrical tilt associated with each operator

independently.

A method according to Claim 29 wherein the plurality of variable
phase shifters comprises a respective pair of variable phase shifters
associated with each operator, the method employs components which
have both forward and reverse signal processing capabilities, and the
method includes operating in transmit and receive modes with

independently adjustable electrical tilt in each mode.



