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1 Phased Array Antenna System w th Adjustabl e

Electrical Tilt The present invention relates to a

phased array antenna systemw th adjustable

electrical tilt. It is suitable for use in many area

of telecomunications but finds particular :

application in cellular nobile fadio 5 networks,

commonly referred to as nobile tel ephone networks.

More specifically, but without limtation, the

antenna_system of the invention ma he used wth, .

Second GeHEPSHABRY (IEENRBIYSECTIGN EPNS skl ifdt los G Tilt

as the GSMsystem and third generation (3G nobile

t el ephone networ ks such as the Universal Mbile

Téheppeoserty stemtidMi@latet0 tépar phased oarrg¢l bitedina system with

nmobi |l e radi o networks generally enploy their own

badpissatdei alectrieathtdf. vii db laitable | éast usme iantrammg. areas of

In a cellular nobile radio network, the antennas are

atqlecomnyunigations ibut defds ipagticulaoappligatieneian célhulanimbbile radio

conmunication to the base station can take place. The

covieverks, epmmonlygarteraed ytali 93 deebilet delephomse neworks. More

overl.gpp' ng, cel Léﬁ? eﬂch_as,soci Et ed 15 with a i .

r dagrabeally, But sRfmewdamsadons dhe aptennmey gem of she invention may
SO ner.al | di vi ded i sectors.tq increase .the

B s iR siebond) sanegaliony 2R FERE GIShRTF Sebrowks Such as the

C ted to_abase,station f adi p., co ni cation
SVt ahd 6 eRbiaiin 256 EaBiledBlbeaeWorks such as

{4 ' e ans of
e NI IR ey IR SE Yoo 11 s
or fixed land-lines, allow ng nobile radios throughout

tée cell coverage area,to comunicate with each other
HOPRENPTS Ol F el B ematlg dadiemepwerks aengsally cemple their own

t.he cel Ll ar bile radiq network. Cell ul ar bile ]
BRcoSEORS: REuntohis §€EE%FW aRteERadNat eellular mobile
21{%81;1]‘\6 :T@F\%ﬁﬁeﬁ{é %Igl'ite%?lgg éfﬁrg rgp{)fisrﬁaasryai%c%‘(grrlary déﬂ%ijr?gl Iaycoverage area

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 enents such as dipoles or patches. The

antenna has a radiation pattern consisting of a nmain

| obe and si del obes. The centre of the main |obe is

the antenna's direction of maxi num sensitivity, i.e.

the direction of its main radiation beam It is a

wel | known property of a phasedsarray antenna 5 that

if signals received by antenna el enents are del ayed by

a delay which wvaries linearly wth distance from an

edgferta Efb?n&ﬁtg%cﬁ '&gnditfdb?eé.%tr:@él%hgﬁ' he' @4efhh%hs a radiation
beami1s steered towards the direction of 1 ncreasing

S?Iaﬁ)ém EhBsisAng! &F RehAREHBBAR] SAdHIBbES TRERENGRNGF 8% main lobe

rresponding to zero and non- zero variation in

dé¢d able dnt€nnd'Belipd@icn Af AleemurdeRandsvien, 1.be thatdrétion of its
change 10 of delay with distance across the array.

Dehaiy mmlyatien bephenieris edwedukuahenpropdryy offanghaged array antenna
signal phase, hence the expression phased array. The

nthat Hesipnels tdveiwed drynanpatriseelencentstdrer éélayed e a delay which
altered by adjusting the phase relationship between ]
sivgnab dinadlyt withi distaneet froanae edgeafaherarsay, Thes the antenna main
all ows the beamto be steered to nodify the _coverage
152diplianobearnel s stesiiad. tompsdat thes doeciipasel ingreaging delay. The
ant erergs in cellular, npbile radi o netwrks hayve a

r 8géler Brlrgen 513i8; iaskiatipRheaghCERHES' cCaFEssaRaing to zero and non-
radi ati on.pat.tegrn, i.e. .the attern' s, cross-secjion

| AeichatiaiBRan dddhunbe: i angl 0k SieboodP@uTpt dhe e of change
vertical anglke. of the antenna' s main beam al so known
agirflﬁgay"tvi?ﬁ dl,“%@?%?’%&ﬁ%?%%dj ust the coverage area

of the antenna. Such adjustnent may be required, for

exanpl e, to compensate for_change in cellular network

sDeley may be immlamented equiealendy itbynehangiagtsignalsphase, hence the

Adj ust ment of aptenna_angle of tilt_ is known both
nBEPEEssoR pha aléaﬁcifﬁﬁéamry{)e@mo%ﬁt%amﬁeamipﬁmﬂm;ﬁan therefore

be'altered g?f' arl:ﬁ‘h'st?ﬂg 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 antennas in cellular mobile radio networks have a
requirement to adjust their antennas' vertical radiation pattern, i.e. the
pattern's cross—secﬁon in the vertical plane. This is necessary to alter the
vertical angle of the antenna's main beam, 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 clectrically, and both individually or in

combination.
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3 Antenna angle of tilt nmay be adjusted nechanically

by noving antenna elenents or their housing (radone):

it isreferred to as adjusting the angle of

"mechanical tilt". As described earlier, antenna angle

of tilt may be adjusted electrically by changing tine

del ay or phase of signals fed tg or received 5 from

each antenna array el enment (or group of elenents)

wi t hout physical novenent: this is referred to as

ad . ] £ vele , e o US .

a cel Pi&%garﬁé}gblepghﬁa%ag ﬁlgt %m??@% I%Eglg%nc}céﬁﬁa?y ﬁﬂ)\hﬂg antenna
o , . ! Lot on. ¢ ) ]

Bl §ABARIsSor HRYt Pﬁﬁklﬂ'gae‘aegg%heﬁ’ﬁs &Tﬁkréﬁ' 6 as@?dﬁu@?gg é[he angle of

nunber of significan S: igh marn

(OmdedRaaRiahil” 08k Mesdlbéd carfief, SinteRReangld8f kidPay be adjusted
| evel sufficiently lowto avoidinterference to

mehddtesallg i thg oalahg'ﬁ% straki dslaiynom pliaké erfesignall ifedrto or received
network; 3. a first Tower side | obe level sufficiently

hifighmt eacdl hotenreoamayi cktments (omn grdwep i ofireltina¢ets) without physical
vicinity of the antenna. These requirenments are ]
mraerdrhgnic dhfd isoeforged tons exdjnyting theerglesifteletwical 3ilt”.

boresi ght gain may increase the |evel of the side

| obes. A first upper side |obe level, relative to the

byvesh Aled Y4 ccllularl 38 NESrES MdtRHHIR, 0 1]:)21%19&’&1 dfraf antenna's

conveni ent conprom se in overall system perfornmance.

Therteddl eatliaaforaghtisin (WMRP)tHera hhmt@ﬂgjf%igﬁiﬂm@iﬁ aBhGRkments:
tilt or the angle of electrical tilt is to reposition

the boresight se _that .it,points.either above or 20

bel o theh%g}%ﬂtlgﬁe fg?‘éh ?es\}\ﬁﬁgfgadﬂanges t he coverage

area of the antenna. It is desirable to be able to

vary Bot hatdhet nppeasidediobeilpvelasuftichentdy éowrtocaroidiinterference
of an antenna qof a cellular radi o base station; this

al | ows mada mahiles esingia base statiopting deferent eellcu netyrork;
sector coverage, since these forns of tilt have

di f f egent a ¢frkeldwepsidaniobernavel auitisoyE hasle taat o SO

on ot her antennas
communications in the immediate vicinity of the antenna.

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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4 inthe station's i mediate vicinity. Moreover,
operational efficiency is inproved if the angle of

el ectrical tilt can be adjusted renotely fromthe
antenna assenbly. Wereas an antenna's angl e of
mechanical tilt may be adjusted by repositioning its
radonme, changing its angle of electrical tilt 5
requires additional electronic circuitry which

i ncreases antenna cost and conplexity. Mreover, if a

SHRO, SEAABPR, LAORES AELIRET MRS gy ctiiency s
angipoPid g\!fecﬁgr é‘?@e 6f ldjedtPlcal RAE aAPBE aefcgh el eeM®tdy from the
ual™ a | FI‘ oma

for an 1 ndivi ngl e of electrical t

s BAt@HhARSRMBLI A hbPedy hﬁeaﬁt@nﬁafrspég%ae FBmédthdias] tilt may be

resulted in conprom ses I n system or mance.

Fadjiresd rieduepbsitioriing Sits t ilopss,f ehamsiee BYasgROof electrical tilt
occur if the ~gain decreases as a consequence of the

t eeduirepieackliopheld el ectedwing eirchéry awbiich dhcedegebr agighna cost and
tilt. R C Johnson, Antenna Engi neers Handbook, 3rd
Edongdexityt Glavedser] if alsingdBNmeand s -shagaddetwern £mumber of
20, Figure 20-2 discloses a nethod for locally or ) ]

r epErAPLS, dtljis pretegableetonpyd e def areindividuall anglet obelegtrical tilt for
phased array antenna. In this nethod, a radio

f?%%@ﬁ@WtPRF) transmitter carrier signal is fed to

the antenna and distributed to the antenna's

radi ati ng el enents. Each antenna elenent has a

vdheabdesl fhaag indivitianl asghebéctetricahtiltt froen heliared antenna has
signal phase 20 can be adjusted as a function of

dhghartoe radtr deent heetardmdnhas oresaitedt he comypromalises in - system
angl e of electrical tilt. The distribution of power X
wherfonaance| Feathies regueipons irospstesopaformasee mag ad$aleccur if the
| obe | evel and boresight gain. timum control of the

aB@ine dgeregses ias amanseauenpe it the peelwdqne ;adopted to change the

control Led for |1 angles of tilt so that the side
I%%qu %ééhecrrécwi tincreased over the tilt range.

R. C. Johnson, Antenna Engineers Handbook, 3rd Ed 1993, McGraW Hill,
ISBN 0 - 07 - 032381 - X, Ch 20, Figure 20-2 discloses a method for locally
or remotely adjusting the angle 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
can 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 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 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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25 The angle of electrical tilt can be adjusted
renmotely, if required, by using a servo-nmechanismto
control the position of the phase shifters. 5 This
prior art method antenna has a nunber of

di sadvant ages. A variable phase shifter is required.
for every antenna el enent. The gost of the antenna is
hi gh due to the nunber of such phase shifters
required. Cost may be reduced by using a single

CTMIRIAG) RS0 PPl ekt BHR A variabs
RSB M OR oLk, A8t Ml oggof th antenna

0 5 a P ld [ :

3500001 03 e HRRECRLMIATpHARD SHiRkLSHeBied; Cost may be
MRYdR& B hisife adiiugle ¢ohindn dhyidevie ofifHdse WhifibPfor a group
do this correctly; moreover, nechanical |inks and

gedrantems elerhantkOiryesnd pif i painelensnt] but itz Bicrdsleaythe side lobe
The upper side |obe |evel increases when the antenna

i fevall t¥et divaneaadsplet publichadi hgteangpovrealt iRdtesouhpplication No.
of interference to nobiles using other base stations.

| WEONR3 ABEd Al sarshdapandsy PatemtuAipglicationpdnadB28011211025 A.
the operators then have a common angle of electrical

tilt instead of different angles which is preferable.

Fi - At . - : oran? .
CReanicdf AR o) Loy B gEATORYGA B0Kgs, but i i

f deffiemitc tee do(thi e euveneylvdindbadderduidctransydt BAks ahbegears result in
angl e of electrical til't in transmt node is

dhbhesstimuin adistriilntion of akslags. nbte b?p%%@d@ﬂobe level increases
frequency dependence of properties of signal

prdees tha gntampong tilsed IdowenwardsgntiusPesesing a potential source of
Application Nos. PCT/GB2002/004166 and 20 )
PatediBron® toavdlereusinighethesdseystationsnidithieyantenna is shared by
adj ustj ng ?n antenna's angle of electrical tilt by )
neananber ol gperaioEhabe; PPTREgS then s & cpmmopsangle of electrical

S{iﬂnﬁllstéa%eg% d??fré?glgtt ggglte(s) \sv ?chapst Slr‘]e%i*able. Finally, if the antenna is
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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It is an object of the present invention to provide an
alternative formof phased array antenna system 6
The present invention provides phased array antenna
systemw th adjustable electrical tilt and conprising
an array of antenna el ements, the system
incorporating: 5 a) a first spl6tt?ng apparatus for
splitting an RF signal into first and second RF
signals, b) a variable phase shifter for introducing a
v@hegikseriteimient®@nopasddes phhted atugeantenaafl dyssémanith adjustable
second RF signals, c) a second splitting apparatus for
delectiiical tile anid stonRprisingnah antay ofOaftersia ebermentsntthe system
signals and the second RF signal into second
cumgosperating:gnal s, and d) a signal comrbining network
for form ng vectorijial conbinatigns of_ the conponent,
si gnal 8) t ha fiust splitting ppperaius forsplitiingiaa RKsignal into first and
si gnal comnbi ni ng gﬁ;work being in conbi nati on a neans
for 15 provieraifl BH #@nalynal s for individual antenna

dri.ve_si hase

Slr ﬁgf_ 2&2, ?,égs/agg:}kgg é)l}aﬁg %g%ﬁg@v?é%inqg)dﬁmggh aoﬁalg'gble relative phase
aperatton arilt REORHGH B ARl MEhhd R HEBRRE,.™ "

the-var] ani & FEPHE P Fne APraSRRr RS e AR RF signal into
the vari abl ﬁg@“?@ﬁpﬂﬂeﬁ %ﬁ%liléggeaﬂ({‘gﬁétdeﬁlﬁpﬂggfz %g?lai Rfto second

advant age t I'S poOSSI to adjust ele

! MRS 0y 8 S 1l vl
per angpnnaa &fighEintombitingUietdfork I foinein@editorial combinations
of the component signals, the second splitting apparatus and the
signal combining network being in combination a means for
providing drive signals for individual antenna elements, the
drive signals varying in phase progressively across the array as
a function of antenna element position as required for phased
array operation and the angle of electrical tilt of the array being
adjustable in response to alteration of the variable relative phase

shift introduced by the variable phase shifter.

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
one 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.
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as in the prior art. If one or nore additional phase
shifters are used, an 25 extended range of electrical
tilt can be obtained. 7 The antenna system nmay have an
odd nunber of antenna el enents. The variable phase
shifter may be a first variable phase shifter, the
system including a second variable phase shifter
arranged to phase shift a conponent signal which has
been phase shifted by the first variable phase 5

shitf.t d i,abl.a p hift :

b sl shBRE T6a0 IR o QG HRR T blefnng glements. The
Si el le o Fe=Talo hidf.1.i |t

G A2pIS R, I RACoRYASR S st P Bl® shffier. the system
sk ogbi h®NSqri Viatr 4 bl &; S bhfe ;
B O FariaPR, A KRS bl crg "lipse shift
scengormstighlll WHidly RRAbEQTHHALE SAEWMIK theifiydt variable phase
arranged to 10 produce antenna el enent drive signals

f sloifierp apdngiet sevondad arislsleepladsevshitler haveidiagse durther component
through all the variable phase shifters and sone of

weigrial dratpert nfotr . theheigspal | ¢armbiniagpandt pisaseayhifdng network either
arranged to divide a conponent signal into ' further
cdlfpcaymr wagmd er frmreisppiterfvaridige phgsalshpierseombinations.
shifting and 15 conbi ni ng network. The signal phase

shifting and conbi ni ng network may enpl oy phase
sihbt 9asablel pheREi chifeyPhifySs Hhvhki 65)a f;ﬂhrsﬂh"ﬁs
shifting and vectorially €onbining the ‘conpone
slgifidrs, theheighwbiphdse mhyfthe: 488 coiaBiaghNEE, béhgoarranged to
known as sumand-di fference hybrids. The hybrids may

bpradicet ant¢rath atemeny dryde i dgnalac from t bomipotent esignals some of
(n+1/2)2" and input 20 and output ports separated by
xwhichiheve passed dhrduphegh thandirkatile pthase shafietsenyd komfe of which
the RF signals in material of which each ring hybrid

i Bavesebt ruct ed. The i nput and out put ports of each

hybrid are matched to the

E)tf variable phase

The splitting apparatus may be arranged to divide a component signal into
further component signals for input to the signal phase shifting and
combining network. The signal phase shifting and combining network may
employ phase shifters and hybrid couplers (hybrids) for phase shifting and
vectorially combining the component signals. The hybrids may be 180
degree hybrids, also known as sum-and-difference hybrids. The hybrids may

be constructed as ring hybrids each with circumference (n+1/2)A and input

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

system impedance.



10

15

20

25

system i npedance. 8 The hybrids for vectorially

conbi ni ng the conponent signals my be designed to

convert input signals 11 and 12 into vector sunms and
differences other than (I11+ 12) and (11- 12). The

splitting apparatus, variable phase shifter, and the

signal phase shifting 5 and cogbining network may be
co-located with the antenna array to forman antenna
assenbly, the assenbly having a single RF input power

f er r : r ter [ .

ot R e FERRAR GO ONbEL O}  iinbortl siegaly may be
thi Vi J e . S

t SRt E6ivr i iRBaLS"PY RO CT2 A BentBE Shk i Wifferences
apehdiihad FPHIDY 8hd (11 hpsecond and 10 third

splitters, the signal phase shifting and conbi ni ng

network and the antenna array being co-located as an

e P B R Al e st
a0 oy o o
LB RS, S A AL e 6 T E P feetr fom
S i SEICEEAT g S8 ARy o e

PE&Sshc inldt &hitd %Pﬁ%r@,f theiirgb %ﬁlift@ﬁ%iﬁ%i IE)batetdh ﬁvith the variable

si gnal phase shifting and conbining network is then

aphasgetifier epaovadie tfrom hhthsdoonds ahd taid spldaeme the second and
nodes by produci ng antenna el ement drive signals 20 in

r dtapdngditterssitheatignah pheset slkifenizt and aco@lbsnimgd network and the
produci ng a receive channel signal fromsignals

deninopedrsy beimngnea-lotatednas aspentarinagassemblygeind the assembly
npde, The angle of electrical tilt is then .

[ hﬁ‘éﬁ@ﬂd@ﬂl Rs: Hnuispeee feeders depmma demote source at which the first

splitter and variable phase shifter are located.

The variable phase shifter may be a first variable phase shifter connected in a
transmit channel, the system including a second variable phase shifter
connected in a receive channel: there may be similar transmit and receive
channels providing fixed phase shiﬁ.s instead of variable phase shift: the
signal phase shifting and combining network is then 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 a receive
channel signal from signals developed by antenna elements operating in
receive mode. The angle of electrical tilt is then independently adjustable in

each mode.

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

associated with respective operators, and the system includes filtering and
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The vari abl e phase shifter may be one of a plurality
of variable phase shifters 25 associated with
respective operators, and the system i ncl udes
filtering and 9 O conbi ning apparatus for routing
signals on to common signal feed paratus after
phase shifting in respective va@i abl e phase shifters,
the conmon signal feed apparatus being connected to
the second splitting apparatus and a signal 5
conbi ni ng network for providing signals to the antenna

SRR a5t SRRAROAR RGPl foed apparatus
PREE bhide Shiffie FOrGpBRARE AANE TP LI AEH, (B8, dpmon signal
péﬁé?bbﬂe glégﬁ,’lﬁ

cliel EStaARD ARG corticitd o IHE SECARUPIiifiE apparatus and a signal
PEQE®ETING. AétwrGRAPEr ;ﬂ]?%iéi digAblst @ Sihe! &ftefina containing
operatlv In transmt n recé€ivenodes wth

| psleRiARHS Yrod] bsthabperabas witk andepbhdémipasijusbe electrical

I n anot her aspect, a nethod of adjusting the

efikic Thieqsliralityt o v adalpleasieakestiifers ‘ﬁrﬂyemmmﬁs&t@fesc}jiehﬁve pair of
systemincluding an array of antenna el enents, an

t hariaklehphasenshifpersadssogiatéd wjthsphch topegaten, BRdsilgnsystem may
into first and second RF signals, b) introducing a .
vhavelsompenents vehpttadavehboth Herwenh anderéverse sagdal processing
second. RF sigpals, c) dividing the first RF sjgnal .

i eapabilities seehpbat bl sysiean ds aperative 18 deamunitrangd geegive modes

i nto second conponent sjgnals, and 20 d). form ng
veeindepeadenily adievablst &@ﬁmﬁﬁgémﬁad@, mgedes to
provide drive signals for individual antenna el enents,
the drj,ve sigpals consisti | east rtl.y.Qf the
S ahOT bsrt & g Shadrusine, B i Hicatiffef dPhased array
progr ez?l?t'e}’lﬁlaysfs‘fél%‘f’ $hé hseystem including an array of antenna elements,
and the method incorporating:
a)  splitting an RF signal into first and second RF signals,
b)  introducing a variable relative phase shift between the first and
second RF signals,

c)  dividing the first RF signal into first component signals and the

second RF signal into second component signals, and

d) forming vectorial combinations of the component signals to
provide drive signals for individual antenna elements, the drive
signals consisting at least partly of the said vectorial
combinations and varying in phase progressively across the
array as a function of antenna element position as required for
phased array operation and the angle of electrical tilt of the array
being adjustable in response to alteration of the variable relative

phase shift.
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array as a function of antenna el enent position as
requi red for 25 phased array operation and the angle
of electrical tilt of the array being adjustable in
response to alteration of the variable relative phase
shift. 10 The array may have an odd nunber of antenna
el ements. The net hod may includfbgenerating at | east
one conponent signal which has undergone phase
shifting in a plurality of variable phase shifters.

s B R

from conmponent signals sonme of which have passed
through all the variabl e phase shifters and sone of .
ilen melkodanay imekudgrbaratng ahdeardeork wogpenent signal which
conponent signal into further conponent signals for .
i M85t URGPTERBE P shifting wharplusalighe! cowmitlerphase shifters. The

o2 DEs g VTS oiyBl B eaEgdc g, eHR pcludib producing
naBRTE S v IEnsl Fob cEBRatant seARTERERS which have
SDAS trofpf all R aRRB AR SRR RARRE BE which bpve not.

the RF signals in material of which each ring hybrid

| Yos: poesad sTsy 1 U9 biWSIngS oroIpDPRCEY sigsAl into further
LSSy RahnghE et b s AR R8T combining
BB LR TS 40 R Sk piasa shiing and
Bl 55 8he"t AMEEhbhESTALR, B RE gy be 150

adééf‘e%l ﬁyﬁﬁdk.”%‘ey%%@aﬂ)e frfn%”h?bfiag%ﬁh 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
constructed. The splitting apparatus may also incorporate such ring hybrids,
one port of each hybrid being terminated in a resistor equal in value to the

system impedance to form a matched load.

The hybrids for vectorially combining the component signals may be

designed to convert input signals I1 and 12 into vector sums and differences

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

The method may include 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. It
may alternatively include feeding two RF input signals with variable phase
relative to one another from a remote source to an antenna assembly and

splitting, phase shifting and combining signals in a network co-located with
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source for splitting, variable phase shifting and
vectorial conbining in a network co-located with the
antenna array to forman antenna assenbly. It nay
alternatively include feeding two RF input signals
with variable phase relative to one another froma
renmpte source to an antenna assgnbly and 25 splitting,
phase shifting and conbining signals in a network
co-located with 11 the antenna array. It may enpl oy

SRR b b EE Sy SHR00S St RE Bhidls shnlifistor operation
i 8ue LAt o LRSRRNBBILE Arodinal diteliF ld AN Hive signals

annel s and producing a recel signa

S Q_@\E/ﬁo d% opadolyl ANURE nt?%ﬁérﬁf'ﬁe Bh?m%’l%r ahd E%‘og%girg a receive

recei ve node. The~vari able phase shifter may

achimiidl sigha0f frvad | APh&sPhasopel! bor antcdhaocledi&fts operating in
with respective operators, and the hethod may incl ude:

ayeddiVé @idd® and conbi ning signals and passing themto

comon signhal feed apparatus after phase shifting in
respective variabl e phase shifters, the 10 conmon

STga agfeﬁagg pﬁ%\%@&l Efﬂé’l} %’[%g/n!?% éﬁg:}ﬁg ﬁﬂﬁaﬁgﬁ HPVafBhle pglase shifters

si gna r ng _ conpohent’ “si-gha
nal.s; .
o e e e B per ot AL (Bt Reinclude:
bog t ; and, 15 . djusting. electrical tilt
osh qutaien A 1?10@3)2%1%@%)5@@% b quseings fany. toggumon signal feed
| [ it f i abl h hift . onpriseg a .
P ST a5 LAOLE R S ST SR8 ainers, e
ith h_operatiop; the method may _enpl conponen .
wni R0 BRI Fied AR T0S iR e B RO BER L signals for
f ap ?ﬁ{/ictihge §1th B HhEst "ESARSRRY diPRANIGHAPR A BNt component
ransm nd Teceive
signals;
b) providing signals to the antenna containing contributions from both

operators; and

c) adjusting electrical tilt associated with each operator independently.

The plurality of variable phase shifters may comprise a respective pair of
variable phase shifters associated with each operator; the method may
employ components which have both forward and reverse signal processing
capabilities, and the method may include operating in transmit and receive

modes with independently adjustable electrical tilt in each mode.

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

accompanying drawings, in which:-
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20 nodes with independently adjustable electrical tilt

in each node. In order that the invention m ght be

nore fully understood, enbodi nents thereof will now

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

to the acconpanying drawings, in which: 12 Figure 1

shows a vertical radiation pattgrn (VRP) of a phased

array antenna with zero and non-zero angl es.of

electrical tilt; Figure 2 illustrates a prior art

p rr ten 3 i dj gl f

el BRES L) Hoftp: SSVRrGRM. PARRRT ARl PYRIN0 R, 8 phased array
phased arr gyt aRhLERRA ﬁéta&m 196 1% ah%l’é’s”éf SRt a%llﬁl%

4 shows in nore detail a S|gna conbi i ng network used

in the Figure 3 system Figure 5 is a phase diagram
ofri@ifeennailBhRrmas aspeoal £t PiRRed aire ﬂ}é%&&nﬁa hllng an adjustable
ni nety degree phase shift |ntroduced y a variab

phase shi f hegld of elebariddlgute 3 system Figures 6 and 7

are bl ock diagrans of parts of further phased array

antenna systenms of the invention incorporating eleven

aHigumee’d velsant bhock dhgrant of respleaseidy atipy( ehtarent system of the
spacing is_not wholly to scale in 15 Figure 6);

‘Figure 8 i&venti@se di agram of antenna el ement signal s

associ ated with a ninety degree phase shift
tro a vari abl se shlfter n.the Figur
@e‘& ﬁiﬂ%ws emgmereaﬁsfadﬁka il are nyéle nghwork used in the

anot her phased ay,_antenna system 20 of the
i nvention E 3{%‘%? vari abl e phase shifters;

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
elements respectively (element spacing is not wholly to scale in

Figure 6);

Figure 8 is a phase diagram of antenna element signals associated with a
ninety degree phase shift introduced by a variable phase shifter in

the Figure 7 system;

Figure 9 is a block diagram of part of another phased array antenna system

of the invention employing two variable phase shifters;

Figure 10 is a block diagram of part of an antenna system of the invention
similar to that shown in Figure 9 but employing ganged variable

phase shifters;



Figure 10 is a block diagramof part of an antenna
systemof the invention simlar to that shown in
Figure 9 but enploying ganged vari able phase

shifters; 13 Figures 11 and 12 illustrate use of the
invention with single and dual feeders respectively;
Figure 13 shows a nodification the i nvention

all owi ng angles of electrical tilt in transmt node
and receive node to be 5 independently adjustable;

Z.rf?%ﬁﬁ-:s Ity idﬁdalf’#l reegé QLAIR (e ﬁ%?fqﬁ?@r\gplﬁﬁsgﬂgﬁe{ éﬁ% gdual feeders

nna systemo invention i
sharing by b .users with dual feeders and
i ndi vi dual re%Eﬂle{chghlér,t ransmt/receive capability;
Figure 15 is a variant of the antenna system of Figure
IFiblife V3T Eiabe Rhanedififatéh f {8 thd Oi‘iﬁfeﬁﬁohe"ﬁlkﬁkrﬁqqg angles of
fromone another; and Figure 16 illustrates a phase
array ant eghetSyslt efiitofint heandiMantmede iaeorRedtd Nnthode to be
ring hybrid couplers. Al exanples illustrated enpl oy
connect i onmdeprendehdly sjuseblé;mpedances of signals
are equal to respective |oad inpedances in order to
forma 'matched" 15 system A nmatched system '
niigutieskt  ishe bhoole diagrans wiftanedhér phasedsauagantensa system of the
| oad and ayoids, signal reflections. Wiere signal |ines |
are terni nEtveation Blusteading sptenpaesharing by qubéiple wsass with dual
val ue of tpe resistar ,is.,equal to the system -
i npedance feedsraandBdnarRab HeAhisanses oAty oRapability;
Referring to Figure 1, there are shown verti cal
radi ati on patterns (VRP) 10a 20 and 10b of an antenna
1Figiriectd | & @ vphiasedfahe aptednd selitendofiFigmteednaith variable phase
el ements (not shown). The antenna 12 is planar, has a

10 centre 14 shiftesxiecated remotely from one another; and

15

20

Figure 16 illustrates a phased array antenna system of the invention

incorporating ring hybrid couplers.

All examples illustrated employ connections for which source impedances of
signals are equal to respective load impedances in order to form a ‘matched’
system. A matched system maximises the power transmitted from a source to
a load and avoids signal reflections. Where signal lines are terminated in a
resistor (see e.g. Figure 6) the value of the resistor is equal to the system

impedance in order to form a matched termination.

Referring to Figure 1, there are shown vertical radiation patterns (VRP) 10a
and 10b of an antenna 12 which is a phased array of individual antenna
elements (not shown). The antenna 12 is planar, has a centre 14 and extends
vertically in the plane of the drawing. The VRPs 10a and 10b correspond
respectively to zero and non-zero variation in delay or phase of antenna

element signals with distance across the antenna 12. They have respective
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vertically in the plane of the drawi ng. The VRPs 10a
and 10b correspond respectively to zero and non-zero
variation in delay or phase of antenna el enent
signals with distance across the antenna 12. They have
respective 14 main | obes 16a, 16b with centre |ines
or "boresights" 18a, 18b, first‘ypp si del obes 20a,
20b and first | ower sidel obes 25 22b; 18c indicates
the boresight direction for zero variation in delay

Ig‘f*aei?lo a PEL )r']‘%lé r{xf{tﬁ “odiie Ilfp%éo%r?q!gére%@ﬂts 1@% o]b\%’;) dirst upper
de‘?bﬁ%?@(ﬁlf %(ﬂgu%rfd gYI%Ptlogvae!r sﬁifelr(ﬁéees{}gzﬁrs fbl;gﬁi@gindmates the

erre to W i'nction

t'b'c&@ﬁ L AYRMRLRASFASzrb! 151% & det §?‘tﬂo &dnfpart&¥n ith the non-
gheie s of <oliba

relsanange-teang

b@bw@qlmmmmbl%@ﬁl VWEREH fefekiddeR Whthowm %é%ﬁfMIaCBr Bag.o. sidelobe
a magnitude dependent on the rate at which del ay

vaoi estivdrt bfdilet askraacrpss ohelameannds 1Beink0 rdfeeredro without
has to satisfy a nunber of criteria: a) high boresight

gdistindtjort.h€Thé i YRIP uibeis siltbel (dben2areboad dllbstrateda relative to
| evel | ow enough to avoid causing interference to
mdR P eldday sienghereoisher angld - dredanglet dititti + betwememasi deam centre
| obe 22 should be sufficient for conmunications to be
pbEss bl & jandy Hq&: awhisindras a megnitededependent op. thesrate at which

ae reqwrene s.are nutually conflicting: for

glay ‘éal’l%%il distgnceracwoss §he agtamandy- i ncrease si de

| obes 20, 22. Relative to a boresight level (length
of main beam 16), a first upper side |obe |evel of

- T8@BVIRIS Haseio sdtd datrmrﬂbelvbﬁ@rﬂeﬁaﬂ‘@!Ih'ightboresight gain; b) the
conpromi se in overall system performance. Boresight
géirst dppeeasds lobe rﬂ(bphouldafmetat aHevebsoweenbugheo avoid causing
angle of tilt due to 20 reduction in the antenna's
etﬂt@tﬁeure@capbmtablécs esinghanothedgelli end d)rthsdiiessilgwmer side lobe 22

gaj n result, depending on how the angle of . tilf is
Cﬁ]@(ﬁ e sufficient for communications to be possible in the antenna's

1mmed1ately vicinity.

The requirements are mutually conflicting: for example, maximising
boresight gain may increase side lobes 20, 22. Relative to a boresight level
(length of main beam 16), a first upper side lobe level of -18dB has been
found to provide a convenient compromise in overall system performance.
Boresight gain decreases in proportion to the cosine of the angle of tilt due to
reduction in the antenna's effective aperture. Further reductions in boresight

gain may result depending on how the angle of tilt is changed.

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, and hence increases or decreases the coverage

area of the antenna. For maximum flexibility of use, a cellular radio base
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The effect of adjusting either the angle of nechani cal

tilt or the angle of electrical tilt is to reposition
the boresight so that it points either above or bel ow
the horizontal plane, and hence increases or decreases
the coverage 25 area of the antenna. For maxi mum
flexibility of use, a cellular di o base 15 station
preferably has avail abl e both nmechanical tilt and
electrical tilt since each has a different effect on

R AR, s AR LRI AL R, s et snce
ACPERRAN QREEEP e brihehaBe Ry BRAE elifligrgage and also

{ protap LARAARbof ik RE ThirRedidie Aigirig) BnathefiighbBuring cells.

shared between a er of operators It Is prefe

t @t Py alcdeoaVeniRek Vf dwahnenahe Sectr@tActilt ¢al bkl ddjub®d remotely
each operator. Referring nowto Figure 2, a prior "art

piasadtiay nayermmd.eRoatheysioes) 30 4 singleowAtdrmavid ghatd® between a
angle of electrical tilt is adjustable. The system 30

1auimear pdr epemtars iihpst pBXefableato apiavitieeanenclivide] angle of
transmtter carrier signal, the input being connected

t electposketiltdos eachupjesatomet wor k 34. The network 34 is
connected via phase shifters Phi.EO Phi.EIL to

Phi.E[n]L and Phi.E1U to Phi.E[n]U to respective

r RAFBEARE 1R SN &i I%”Emasﬁﬁgr del lpHRe Bl Mrky aiftent Wystem 30 is

to E[n]U respectivély of the phased array ahtenna

syhowm 39 whesle the swdlel s€elb@ivdi Liltnil edfestalpleerTiawdystem 30
| oner respectively, nis an arbitrary positive

| Magpbrges anempuin 32 rwhiadio deddqumscypfREg draasndster carrier signal,
size, and dotted Iines such as 36 indicating the

r thevaput béiagpoonnested dor & poiveat digtabutieguigtewmrkfbt. The network
any desired array size. Thew%hased arr aghant enna

spétis mopoestast vieephase shifiess®hi A0, Rthitl hhgei Rhidé[n]boand Phi.E1U
g?é&’hﬁ?@[ﬁlb%ﬂ&{]é%ﬁ%}hg@%&% gﬁ?elgnaggletn(l)elgtg %&o]\iﬂ?i to E[n]L and
ElU to E[n]U respectively of the phased array antenna system 30: here
suffixes U and L indicate upper and lower respectively, n is an arbitrary
positive integer greater than 2 which defines phased array size, and dotted
lines such as 36 indicating the relevant element may be replicated as required

for any desired array size.

The phased array antenna system 30 operates as follows. An RF transmitter
carrier signal i1s fed via the input 32 to the power distribution network 34: the
network 34 divides this signal (not necessarily equally) between the phase
shifters Phi.EO, Phi.E1L to PhiE[n]L and Phi.E1U to Phi.E[n]U, which
phase shift the signals they receive and pass on the resulting phase shifted
signals to respective associated antenna elements EO, E1L to E[n]L, E1U to
E[n]U. The phase shifts and signal amplitudes to each element are chosen to

select an appropriate angle of electrical tilt. The distribution of power by the
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network 34 divides this signal (not necessarily
equal | y) between the phase shifters Phi.EQO Phi.ELL
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 phase shifted signals to respective
associ ated antenna el ements EO,4&lL to E[n]L, EIUtoO
25 E[n]U. The phase shifts and signal anplitudes to
each el enent are chosen to select an appropriate

?ﬂgﬂ?gﬂz 39 GH %E' tgtg aﬁ%& tqf t-ﬁ%els%;e% ?Q:?xtor%?ﬂ t8fse'?‘m@ 1(?&5/ lobe level

net wo hé an i'S Zer
RIS AL R D B8 Mo of

obbaijned M‘l@ﬁ the gpﬁaz»,eSﬁoﬁf @@tcoh%rcﬁwa o hﬁdaﬁg}és %Jﬂ tilt so that the

angl es of til that the side |Iobe level I's not

i Bﬂeeﬂﬂﬁdlesﬂegﬁls hbe aidredsad elgrifieahtlytoveande. tllfhﬁngégl" Be angle of
of 5 electrical tilt can be adJ usted renotely, if

r elpgitried] thy cmi ige aadjested- rovahaly, sif roqeisody My tung a servo-
phase shifters Phi.EQO, Phi.ELL to Phi.E[ n]L and

Phiechiadism @hcoﬁ{m] the yiiask steftee Redb@nPhaRly. to Phi.E[n]L and
actuated. The prior art phased array antenna system 30

h&hi.E 14 do dthi di[ndUs advightragg de mechanically: adtoated. a

respective phase shifter is required for each antenna

el enent, or per group of elenents; b) the cost of the

aTh@rﬁﬁot ﬁﬂf]blﬁbedttﬁ'r &0 ahféhrin) EHPBOHMS@ nﬁﬁiﬁéreéﬁdlsadvantages
required; c) cost uction by appl yi ng phase shifters |

tes @n]@um of el ements 15 increases the side | obe
| evel ; d) mechani cal coupling of the phase shifters to

S etn ) g SLQ%% gé aértgve gﬁ)ﬂégsuesé:}gf%qf g ﬁ%ﬂé@'eﬁ s %Sgﬁ %gﬂrtl&ﬁlla element, or per
opt | NYRES bRYIGHBAE:

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

required;

c) cost reduction by applying phase shifters to groups of clements

increases the side lobe level;

d) mechanical coupling of the phase shifters to set delays correctly is
difficult and mechanical links and gears are used which result in a non-

optimum delay scheme;

¢) the upper side lobe level increases when the antenna is tilted
downwards causing a potential source of interference to mobiles using

other cells ;

f) if an antenna is shared by different operators, all must use the same

angle of electrical tilt;
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e) the upper side | obe |evel increases when the
antenna is tilted 20 downwards causing a potentia
source of interference to nobiles using other cells

f) if an antenna is shared by different operators, al
must use the sanme angle of electrical tilt; 17 g) in.
a systemw th up-link and down-J+4 nk at different
frequencies (frequency division duplex system, the
angl e of electrical tilt in transmt is different

g | WS hREhLehib LU (ffefbnt frequencies
from Lhal, bnSLGER| Ui RRRSR bk Nah TG A-FLOULE dBifeibnt

phase array antenna Sys e 1 nventi on

Shom(%?é@@?;ﬁﬁ%@ﬂj Ldﬁ%rﬂ@kes oﬁleelaﬁgié | §@lelectrical tilt in

tilt. i ncor porates five suctessive

funct @Ramit RIS AP & dif tHA0IH RiRiv8d to in the art

as "levels" and I ndicated between pai'rs of dotted
lines such as 41. It has an input 42 for an RF

i TR o B oS EROTARE v
i j - i VLA, VI B, ]

S D TR0 PRI IRS e 0
g s, PR, PR 0 n
theadeleus" JNEIndicaved BetkESR rgljs‘s’(gf gﬁg@g%iﬂﬁﬂ?&ﬁ as 41. It has

V2B and V2A to two power splitt

r Qﬁﬁﬁ?ht vel for AR RWBFeS Iﬁ'ah"shﬁé§oﬁzsi?ﬁ§l:5tﬁeflﬁ &t A2 is connected
out puts such as 52a and 15 54a respeclively: here nis

aapoRigutveo i At poeveregpdittero42 grovidiag awd daitpat signals having
outputs 52b and 54b indicate the output in each case
mapniaudep| VAL eW 185 thesqubeesinig iaput deghaledtcpmasatiable phase
array size. The power splitter outputs such as 52a and )
SMI%ﬂro% dgadoatfpst feiaghphashahifter 48mekpeatttesdyvdihet phase shifters
Va%n] and Vbl to Vb[n] respectively (illustrated .
wit 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
outputs 52b and 54b indicate the output in cach case may be replicated as

required for any desired phased array size.

The power splitter outputs such as 52a and 54a provide output signals having
amplitudes Val to Va[n] and Vbl to Vb[n] respectively (illustrated without
the letter V). As will be described later in more detail, some of these output
signals may have amplitudes equal to others and some unequal. In one
embodiment (to be described) having ten antenna elements (n = 5),
Val =Va2 =Va3, Vb3 =Vb4 =Vb5; Va4 = Vb2 and Va5 = Vbl. These
output signals are fed to the phase shifting and combining level 40,4, which
contains second and third fixed phase shifters 56 and 58 and vector

combining networks indicated collectively by 60. The level 40, will be
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20 the letter V). As will be described later in nore
detail, sone of these output signals nay have
anpl i tudes equal to others and sonme unequal. In one
enbodi nent (to be described) having ten antenna

el enents (n =5), Val = Va2 = Va3, Vb3 = Vb4 = Vb5;
Va4 = Vb2 and Va5 = Vbl. These1 utput signals are fed
to the phase shifting and conbining | evel 404, which
25 contains second and third fixed phase shifters 56

Cg%@%%g} %fr?c%;o%q}aﬁ?“gl mt\éovi%%s %ﬁc‘fpl 09 zilgttg cquispaced antenna
JEREALDRKT MdTBYE of St Bhhsd @bty 62 AGYLHERI{K ! 'ﬁé%;d phase shifters

srgnals to equi shacedra Penia nts
R T A AR B Ry orreatr

| tHgOQr bﬁﬂlé@ﬂual Qo OthedV 8REEHT 1f HaP tﬁegﬂi Slqﬁg lttEPs tSQeand 54, and
value of n for the power splitters 5

pphsad] afragsisd rL2h SInZéniat RiMénts! B ntehna %llements 62, and 62,
antenna el enents 622 and 623 are shown dotted to

| a shoevrt kieytedayo Hadiegie i thatyethas beeeeplicxted oas aaguired for any
desired phased array size. The phased array antenna

sgesieen pgasmbaaagssms follows. An RF transmitter

carrier signal is fed (single feeder) via the input 42

to the power splitter 44 10 where it is divided into

STB@ ?&sgﬂ%ﬁw aidihd grst%ﬁf&‘ ap eﬁé 85 tf@]léw%xmg@ {ransmitter

Ignals VI'A and V1B are fed e variable an

fdzaﬁ?férpd“igﬁgi isted (sheldbeanst) 4\133. rtﬁé Aaphit ¥l 16 tHh@ower splitter 44
vari abl e phase shiftéer 46 applies an

opdiead oit - sedeeidel! entphamadhi Vi Aorantdi el Be{@y eqaall gdweer in this
degree of phase shift applied here controls the angle
ofxahptxt ) ildal signials 31 A leedeWtliB arglad tal the vayiab2e hfddfixed phase
antenna el ements 62, etc. The fixed ghase shifter 48 )

i shifiiers ks amd 48 pespectivelenilTbet vatiablepphiase siufuexétﬁ applies an
phase shift which for convenlence IS chosen to
haPeraipizsehgriahlen psseshifi pr time dgglay cand eth@degr@e of phase shift

V%r)f)l?ebc& %e?eh %%Strsotl]é %ﬁg angle of electrical tilt of the entire phased array 62
of antenna elements 62, efc. The fixed phase shifter 48 is not essential but
convenient: it applies a fixed phase shift which for convenience is chosen to
be half the maximum phase shift ¢p; applicable by the variable phase shifter
46. This allows V1A to be variable in phase in the range -om/2 to +¢p/2
relative to V1B, and these signals after phase shift become V2B and V2A as
has been said after output from the phase shifters 46 and 48.

Each of the power splitters 52 and 54 divides signals V2B or V2A into a
respective set of n output signals Vbl to Vb[n] or Val to Va[n], where the
power of each signal in each set Vb1 efc. or Val efc. is not necessarily equal
to the powers of the other signals in its set. The variation of signal powers
across the sets Val efc. and Vbl efc. is different for different numbers of

antenna elements 62, efc. in the array 62.
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46. This allows VIA to be variable in phase in the
range -4 M2 to +4 M2 relative to V1B, and these

-signals after phase shift beconme V2B and V2A as 20

has been said after output fromthe phase shifters 46
and 48. Each of the power splitters 52 and 54 divides
signals V2B or V2ZAinto a res tive set of n output
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

PESFRSRL I bk, AR 1 VAL P P BelRerive fned
FFiEpHaL S YA Gt BRLELETITS, and on ofthe e

AlofFayu §rixt ﬁgna@mfaqf td hVaFls]te is?flﬂ&%i%@t &l 99%ifotMBt dfenna phase

Vb[n] fs fed to a respect i xed antenna phase

sBhift@r 64431 i tHied phasedhithasss sThetwcoR, arkthifkMBhase shifters
of the set of output signals Val to Va[n] is |ikew se

f 66 fed IFoirhesdwey pﬁd@ir@hrﬁb@se shiftd &5 cofitherisatd fier that introduced
third phase shifter 58. e second and third phase

s biyf ther soBbbAimEn deB8oikst 60d(ithepaithalg iphtheesethi¥b b tboVb[n] and
conpensate for that introduced by the conbining ]
néfalotck ¥ ah0] ack hembinehan pains inHbesettworks olctovprfodluce vectorially
and . Val to Va[n] are con‘pl.neq in pairs in the .
natlded kesebianb Signsds der Wttiogi mspgctiva dutenes wlemants 62 efc via
signals for driving respectjve antenna elenments 621

oPHase éhn%?rés@‘isﬁm-ttb%@@@ ghase shitens gleadmpose fixed phase
shifterg .64l etc, inpose.fixe ase 1Q shifts.which .

v ShiDahiEBrv b bevin GHieHe DrenemSCRRIteDe) e according to
BRI hRb LT B5P T G B SR S8R g o reference
ope : ; o Ay

it Bt Pl bule TR B 6. g ROl et figa zoro phase
i i :

PR AT R R R TR, PR VLB rttPosqiByAREIRHkble phase
akRiflcr 6. eTRErBHcRES PHDSe tsﬂﬁi‘el‘“s%@]??z‘di%ﬁg dd? ébential, but they are

proportion correctly the phase shi
preferred because they can be used to a) proportion correctly the phase shift
introduced by the tilt process, b) optimise suppression of the side lobes over

the tilt range, and ¢) introduce an optional fixed angle of electrical tilt.

The angle of electrical tilt of the array 60 is variable simply by using one
variable phase shifter, the variable phase shifter 46. This compares with the
prior art requirement to have multiple variable phase shifters, one for every
antenna element or sub-group of antenna elements. When the phase
difference introduced by the variable phase shifier 46 is positive relative to
the fixed phase shift 48 the antenna tilts in one direction, and when that

phase difference is negative the antenna tilts in the opposite direction.

If there are a number of users, each user may have a respective phased array

antenna system 40. Alternatively, if it is required that users share a common
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introduced by the tilt process, b) optimse
suppression of the side |obes over the tilt range,
and c) introduce an optional fixed angle of electrica
tilt. The angle of electrical tilt of the array 60 is
vari able sinply by using one variable phase shifter,
the vari abl e phase shifter 46. is conpares with the
20 prior art requirenent to have nultiple variable
phase shifters, one for every antenna el ement or

A TSI B St e o
A My B S i 11 aion
dhfé&h%'i'ﬁﬁlér PelFER ic\z’)gs{s?ﬁxgﬁﬁ‘fel@{}@lst hb%z n%@“r tafg? 40s is required to

opposite direction. ere are a users,

e@emBIBersiFRNIsRYE the REREGHE FTuPAl E DI sPN@RN and ph
system 408.19% tSer natively, i fg?@ui s&?:%i red tsﬁgt usersarl phase

sbhifeers @odetaps ' 46 @l aBtforrfaedinghid the ghRnAbngran 62. Published
i ndividual electrical tilt capability, then each user

miytenay@onalr Bsjeac A ydicetornNd. ewdD 34043 B2dl A 2lesaribes sharing in
Figure 3. In addition, a conbining network consisting
othisevedys b08,it, uge asndimenna swidguinktpleo subegroups of antenna
signals fromthe resulting plurality of sets_ of

sS?qm@éﬁSs epghapatepnaselement in et subrguuipalevae dha sgne clement
fqr. feedin ﬁo the antenna array 62. Published

| fléf.erﬁagnaﬂa agsadBdne Appeneasyoisnng0, (s anleongiglements 62, to 62,
descri bes aring.in this way, but it uses an antenna.

W TInhaRE T B eah BleMsabo Ty S atieathephasesnany S0ugadn o improved
anhenqi elenenﬁ in._a sub-group having the sane el enent

dPPOEE YA PORALR% t he ant enna system 40, the

antenna elenments 621 to 62" 10 all have different

el enent drive signal phases as required for inproved

pHas@u ber shgwpeahfb theastenna sgstenbetOshawwgopdasideneobe suppression
aﬂgat?[r}g %nglynsfgi%rgddrgvel}ai%s gi)e%?rigiald{?iltl r%?lege?u %r-aens%gilgg system 40 can be
implemented at lower cost than contemporary designs offering a similar
level of performance. Its electrical tilt may be adjusted remotely using a
single variable delay device, and this permits different operators to share it
while providing each operator with an individual angle of electrical tilt. The
angle of electrical tilt in transmit mode may either be the same, or different
from that in receive mode by modifying the antenna system 40 to include

different paths and phase shifters for transmit and receive as will be

described later.

Referring now to Figure 4, there is shown part of an implementation 70 of
the invention for a phased array 62 of ten elements 62, to 62, Parts
equivalent to those previously described are like referenced. Figure 4
corresponds to parts 40; to 405 of Figure 3, and splitters 52 and 54 are shown

exchanged in position. The splitters 52 and 54 receive respectively input
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that is maintained over its electrical tilt range. The
antenna system 40 can be inplenented at | ower cost
than contenporary designs offering a simlar 15 | evel
of performance. Its electrical tilt may be adjusted
renotely using a single variable delay device, and
this permts different operatorg, to share it while
provi di ng each operator with an I ndividual angle of
electrical tilt. The angle of electrical tilt in

t PR, 2 A A O e MG SR P bleEr il Rpase. They each
S ASDATEI A8 1L T i RER e o e e
g%mﬁtﬁﬁé df@}ﬁ"rB),R&ﬁ& fthe Qﬁh@?%%l%h?.@@?ﬁﬂd O.987&F it amplitude

part® of an”i npl enentation e invention
f 00.32 fhagsdopArayBy2 of ten elenents 621 to 6210.
Parts equivalent to those previously described are
i ke referenced. Figure 4 25 corresponds to parts 403

LTl T LS T 5 0 22400 AL e v
SSRLE L B8N0y 9L 00ALR 3R SO e byt
AT 3OE i L09hpul B e SBBRL 1 A Dind o ourp

Ot ifina Y dé‘s%rﬁtt&)?c 8ngnd- P3 18} &t aﬁ&pﬂiﬁ&@ﬁcelgl%%%ctively. The

or 0.73 of Aor B). 5 Eight of the ten signals o

t hefes@lddst Hr an842andlll Fds@arsuial foutoNesiiehce GBNBUNEAE signals at
devices 601 to 604: each of these devices is a 180

ddgrsee thybinats. Asnirkdidatdd byvilng temniraipdésipantionsl on receipt of
designated 11 and 12 and two output termnals

degiuwnsigedlssl haddd X, achuod dne hgibicidsr éAceo 604 produces two output
respectively. The references It and 12 will| also be )
usigmalpat Soand i) avlaieh: are el vester sughand differenep@ddts respective

term nal s. i,ndi cated by the term nal_ designafions, )
o;e{lplgcsgggglsgff a{ineII %elow shows the input signa Ia(‘.i]rnpli%udes received by

the hybrids 60; to 60, and the output signals in vector form generated in

response, expressed in terms of arbitrary values A and B in each case.

Table 1
Hybrid | I1 Input | 12 Input S Output | D Output
60, A 0.73B | 0.707(A + 0.73B) | 0.707(A - 0.73B)
60, A 0.32B | 0.707(A + 0.32B) | 0.707(A - 0.32B)
60; B 0.32A | 0.707(B + 0.32A) | 0.707(B - 0.32A)
60,4 B 0.73A | 0.707(B + 0.73A) | 0.707(B - 0.73A)

Table 2 below shows the antenna elements which receive the output signals
generated by the splitters 52 and 54 and hybrids 60, to 60, via antenna phase
shifters (PS) 64, to 64,.
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i nput signals 11 and 12, each of the hybrids 601 to
604 produces two output signals at S and D which are
the vector sumand difference of its respective input
signals. Table 1 bel ow shows the input signa
anpl i tudes received by the hybrids 601 to 604 and the
output signals in vector formggnerated in 15
response, expressed in terns of arbitrary values A and
B in each case. Table 1 Hybrid I1 Input 12 Input S
Cq%B#%%D Qut put 601 A 0.73B 0.707(A + 0.73B) 0.707(A

602 A 0.32B 0.707(A + 0.32B) 0.707(A -
32B) 603 R 0.32A 0 707(B + 0. 32 ) 0.-707(B - 0_32A)

604 g&eﬁﬁg 0. 707(BS1 Ipcﬂ?sA) 0. 707( rﬁeﬂﬁ%) Tabl eS@gnal
bel ow shows tlhe ante a elenents wilich recelvg the

OUF PWHiesicanal s gﬁt@@e by thhe spliFi@nenb2 |and Ahplitude
and hybrids 601 to 604 vi a antlenna |phase shiflters

AS) 6 64 T An Si | A
nat 6261 om0 AR Beriont A  Pae. 421 TOTCA +0.73B)

O7ZL D

0. 707(B=0. 73A 626 0-707(A =+ 0. 73B)—622 0 7107(B—=

0.132A) 6827 0. 7(1'7(797(rB0 CBBB}\) 623 B (628 62,624 |00.707(R + 0.32B)
+10.32 A) 629 0. 707(A - 0.32B)] 625 O 707(B_+:0.73A)

6210 O O7(A - 0. 738) One si gnal Ao rom each

spllttgrE 352 or 54 is % routed to |ant eﬁg% phase A
shifter 643 or 648 Via a hybriid but[ instead vija a

phase 6Bifter| 867®H (B8 0.32°A) 629 0.707(A - 0.32B)

625 0.707(B + 0.73A) 6219 0.707(A - 0.73B)

One signal A or B from each splitter 52 or 54 is not routed to antenna phase
shifter 64; or 643 via a hybrid but instead via a phase shifter 56 or 58
applying a phase shift of ¢, which is equal to and compensates for that
imposed by one of the hybrids 60, to 60,. This is known as "padding”. The
fixed phase shifter pairs 56/64; and 58/64; could each be implemented as a
single phase shift. The input splitter 44 in Figure 3 may (optionally) provide
unequal power splitting so that the signal amplitudes V2A and V2B are
different in Figures 3 and 4. Furthermore, the hybrids 60, to 60, that (as
described) provide sum and difference vectors I1+12 and I1-I2 may
(optionally) subsume all or part of the function of splitters 52 and 54: i.e.

they may instead be designed to convert inputs I1 and 12 into vector sums

~and differences other than 11+12 and I1-12, for example a sum of xI1+yI2

where x and y are numerical values which are not equal. This is subject to
the constraint that total output power plus hybrid losses must remain equal to

total power input to the hybrids 60; to 60,. Moreover, instead of 180 degree
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5 applying a phase shift of 0, which is equal to and
conpensates for that inposed by one of the hybrids 601
to 604. This is known as "padding". The fixed phase
shifter pairs 56/643 and 58/ 648 coul d each be

i npl enented as a single phase shift. The input
splitter 44 in Figure 3 may (opj4onally) provide
unequal power splitting so that the signal anplitudes
V2A and V2B are 10 different in Figures 3 and 4.

CHAPRTENE 1o 10, PHPSAE 804 900 HIGE 3 (00 degrees, 90
R T2 P angy s T ey Ty

i nstead be designed to convert inputs 11 and 12 into

LB R oy R SRS BEACTs B Saetiisgram for e
BTl 1050 W e e S st Sebls V24 and V2
f'rﬁ%%ﬁ?%éﬁﬂi%seirﬁ% Bﬂ?fa&?%&rﬁéﬁ:?ﬂﬁsﬁ%%ﬁ%@r ¥S°f%’?'sd€§§é3§séfwhich Is the
LSS Gynte 48 SRR e WU Sl Mg cloments

é?@toﬁgﬁﬁﬁsj%ﬂ) ABYvEAoH ks 'ﬁgﬁeﬁfffé‘&fdo%r%@’tiﬁ? e 51 QW &ll vectors

re 1s shown a vector I agram nt enn

sysh@mhad Ahatd Byeshiddendhtf BE eRGRIFIBIABOD Si@RTO7 as in Tables
V2A and V2B 5 (having the sane phase as A and B

r ésm@tﬁ,\ee%y)x #s0 93 Blggoakb bevi70M(As- 0SB dha, thisimultiplicative
this exanple, at which the phase front across the

acvastant et emeels a dcaliogt faci@meshd Abk beent omittedrdrandhe drawing to
differences in Figure 5 (i.e. all vectors other than
AreghgceByomipdexidyi n 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 10 constant

| Theesenna s?/gﬁ%ﬂl T {PEheMmisad b?;lfet@ﬁﬁﬂli‘ﬂ@ theeeh1HESBY A and B in

t he draw ng reduce conpl exi

Tables 1 and 2 at 90 degree phase difference: at this value of phase
difference, the antenna system 70 has a substantially linear phase front
across the antenna elements at two angles of electrical tilt and an equal phase
front at a mean angle of tilt. Radial arrows such as 80 terminating at 82; to
82y¢ indicate the magnitudes and phase angles of the phased array drive
signals as they appear at the antenna clements 62; to 62, respectively.
Oblique arrows such as 84 indicate radius vector offsets (e.g. 0.73b or 0.32a)
from radius vector A or B. Two arrows 84a and 84b labelled +0.73B and
+0.73A are treated in the drawing as subsuming adjacent arrows 84 labelled
+0.32B and +0.32A, and thereby extending back to radius vectors A and B

respectively.

Bi-directional arrows such as 86 indicate phase differences between adjacent

radius vectors, the phase difference being 22 degrees between signals on
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The antenna system 70 is optim sed by determ ning the
values of A and Bin Tables 1 and 2 at 90 degree
phase difference: at this value of phase difference,
the antenna system 70 has a substantially |inear phase
front 15 across the antenna el enents at two angl es of
electrical tilt and an equal phgﬁe front at a nean
angle of tilt. Radial arrows such as 80 term nating at
821 to 8210 indicate the magnitudes and phase angl es

f , i L gnal
iyt B AT ot ey BN DY EOPSST, B 18 s
Cob\uen sl GRSyt 02, Ao rgars, 1RSI Sheyesn 16 and 2

OldeBreciis aniANSin3f 2BHtB4bokab ?Ha@@d +39“r%§">.3f§1n $ractical purposes

+0. 73A are treated in the drawi ng as subsum ng

adh@etbic, aphaye Bfferahrlsl edtweln 32Haasat THid26f aMénna elements

t hereby extendi ng back to radius vectors A and B

r 62p6Ct \(eFyl t8i9)dircenibistnaialdy constantahdabe8fhase variation across
i ndi cat e phase differences between adjacent 25 radius

vélee arsgy tdik iprmsebsiaintiallontiochei fupctidndefj pesstiort iedhe array as
signal s_on 24 outernost pairs of antenna el enents

6raqwized datinervabphasetharrag aayetion. between al | ot her

pairs 622/623 to 628/ 629. The difference between 18

and 22 degrees is snmall in the context of a phased

arAkhas f¥fenpsAdt Fialre IFBRRAeNtd e QftARBonPRAST) degrees of phase
di fferences between adjacent pairs of antenna el enents

5d6iZerivtietiecn theteig@d]sal ergliBséawiAabhhyl WY2Bs aphase difference
and the phase variation across the array 62 is a

sobsteantdoatdsponidsdara fnewmt angleobf pidsidridpositi viehendmegpative phase
as__required for normal phased array operation. As has
bdefiesaiags Rograspobdrteprassane sindhre gtiveaangles odfrardenna tilt.
degrees of phase difference between the signals A and

B or V2A and V2B. A phase difference 10 of zero

ﬁéﬂgdgt@?ggg‘gﬁ)avg 20 Fig0ad Atk Bf showh, pA0SIREShhiehadfstem 100 of
the invention involving an odd number of antenna elements, eleven in this
example. The system 100 is equivalent to the example 70 with the addition
~of a small number of components, and the description which follows will
concentrate on aspects of difference. Parts equivalent to those previously
described are like referenced. The system 100 differs to that described earlier
in that the difference outputs D of hybrids 60; and 60, are not connected to
phase shifters 64, and 64, but instead to two way splitters 102 and 104
respectively. These splitters divide signals from the hybrids 60, and 60, into
respective amplitude fractions c¢1/c¢2 and d1/d2: of these, ¢l and d1 are fed to
phase shifters 64, and 64, for use in driving antenna elements 62; and 62.
Fractions c¢2 and d2 are respectively fed to I1 and 12 inputs of an additional
fifth hybrid 605 of the same type as hybrids 60; and 60,. The fifth hybrid 605

has a sum output S which is terminated in a matched load 106, and a

difference output D which is connected to an additional centrally located
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di fferences correspond to positive and negative angl es
of antenna tilt. Referring nowto Figure 6, there is
shown part of an antenna system 100 of the inventi.on
i nvol ving an odd nunber of antenna el enents, eleven in
this exanple. The system 100 is equivalent to the
exanple 70 with the addition 1 f a small nunber of
conmponents, and the description which follows wll
concentrate on aspects of difference. Parts equival ent

TRalEPE sl 12 PeipS L Y e ahalE SELEF TR Gng an antenna
tﬂgﬁﬁ%@%&ﬂ%&%eﬁﬁ ERRass O, At semEits 3 lizpaced by o
] gspe = LS %}M%?Wr(ﬁﬂ{qtfﬁéf gﬂtglge i &Qt%n%g el?ment t6hZ§ means that

hese sp e St gna rom
AT SR80 T B0 Oy S SHREEILHEnBL 24 (1 s o marked

t on tROAseweid HR for @bnvanteri4lthd Shadif ﬂsrill‘ij,l%tr\ététg as being larger
antenna el enents 621 and 6210. Fractions c2 and

atteart maaﬂ¥ ehy ched). HlowkvandultB ILspacing ignot essentlal
addi ti onal ifth hybrid 605 ‘of the sane type as

hybrids 60, and 604. The fifth hybrid 605 25 has a sum

et AT 0 BORTPRB R TP B G ATy dRtediiprray 62 is that
cgilipl g2k ety g Ha%agﬁwélgfgg ficEd SR (820 0.734) and

vVia a ree ase shifter an ant

PBRE &-56“7332 :ﬁf@ tﬂé‘ EkGY" @cRtrafl Ele%@érﬁm@z egﬁf{:ﬁerﬁ Sdrive signal

are equi spa di stance L say, so i ntroduction

oﬂg(]ge (CBRAS alcza(m emy,ggenent 620 neans that it is
spaced by L/2 from nei ghbouring elenments 625 and 626

(this is as marked 5 in the dravvl ng but for

AL SR RPIE B B O 5 SR8l Vertcal

RS IO ROl Sy AL hen e

ggé%%)ﬁz&%ggﬂ&re g¥efiidRas %@%&gneﬂ%a%ﬁ 1£8 8! &Rt antenna elements
62, and 62,4, when the antenna array 62 is electrically tilted either upwards or
downwards. Ideally the side lobe level would be optimally controlied when
drive signal variation across the array (amplitude taper) remains substantially
constant over the antenna tilt range. In order to offset consequential effects

on side lobes due to increased power at end antenna elements 62, and 624

when tilted, a number of techniques may be used as follows:

1. attenuators may be inserted in series with the end antenna elements

621 and 6210;

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

adding a further two elements to the antenna;
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cl(A - 0.73B), and the extra central element 620 has a
drive signal 10 d2(B - 0.73A) - c2(A - 0.73B). It can
be shown that the antenna-.system 100 has an
asymmetrical Vertical Radiation Pattern when tilted
downwar ds conpared to that when tilted wupwards. There
is an increase in signal power d to end antenna

el enents 621 and 6210 when the antenna array 62 is
electrically tilted either upwards or 15 downwar ds.

Ideal | % t ' e el,. woul e_opti mall

contr o?f &%%"mﬁlleﬁ%%%%v%&’?yg %Yer\&;%(?ifg?moﬂleagpgs%ﬁfaﬂ%a elements 62,
array ht u r [ ant-i al | .

const a%ﬁggég}o ? eélgﬁfe[e&n%a Il p‘?er}%gye F‘E g{red)éptﬁingla using further
of f set LoBAsRIYRAt i al effects on side | obes due to

increasgd polver at. end antenna el enents 621 and 6210

when tilted, nunber of techni ques may be used
fol I owd: PaK of the Pener spm Hiy epe anfsaha WRntepPegnd 62i may

with the end antenna, el enents. 621 d 6210;.2..the A
end an %ﬁﬁggeqoeﬂ’é‘?{?ghéff% de6 0edt A HackH QPOWH in Figure
into tﬁo, adding a further two elenments to the

antenna; 26 3. power may be partly diverted fromthe

end antenna el enments 62, and 6210 to el enents near

the centre of the antenna using further hybrids; and
4Thganterna systepp kP affens thedollewiagtashmategesent s 62,

and 6210 may 5 be used to drive the central el enent

620, ag. e hatdnraSsigeawbeilevEl BUF@iuced WhGnaRkeidnna array 62 is
system 100 offers the foll ow ng advantages: 1. the

antennales:'tnij@alllpbﬂteldevel i s 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
value and further reduces the level of the upper side lobe when tilted

downwards.

3. The effect of reducing the level of the upper side lobe when the
antenna is tilted downwards is to reduce the interference caused to

mobiles using channels other than that assigned to the antenna system

100.

Referring now to Figure 7, there is shown part of an implementation 120 of
the invention for a phased array 122 of twelve elements 122, to 122;,. First
and second splitters 124, and 124, respectively receive input signals denoted
in this case by vectors A and B: these vectors are of equal power but variable
relative phase. The splitters 124; and 124, implement division into three
fractions al/a2/a3 and b1/b2/b3 respectively: i.e. signals al A, a2A and a3A
are output from splitter 124, and signal fractions b1B, b2B and b3B from
splitter 124,. Signals alA and b1B pass to first and second ¢ padding phase
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10 2. the phase of the carrier or drive signal of the
centre el enent 620 changes by 180 degrees as the

el ectrical tilt passes through a nmean value and f
rther reduces the | evel of the upper side | obe when
tilted downwards. 3. The effect of reducing the |evel
of the upper side |obe when the,; 15 antenna is tilted
downwards is to reduce the |nterference caused to
nobi | es using channels other than that assigned to the

agh ome’pBSt 1%1 1%0 e @ﬁ%l gWa%Z%ngéﬁcf b3 B EJQ% o I1 and 12

1S S emen atl
L T T T
1%%3 hﬁépﬁ%'pﬁ%b Yo TBCShY QZ'lﬁBH%s 8f %nﬁé&)rﬂf-‘ﬁ%ﬁﬁ 13142 The hybrids

this case by vectors A and these vectors™ are

eqg4d eﬁﬁi/\ﬂB49lﬁav\eaﬂif§&|eﬁcef@ht@h@/® pimaectddes in uts to third and
splltters 124, and 1242 inplenment division into three

f famtthcspmtwré aZkl@andridZém Wiich prodape tivovelay splitting into fractions
%nal s al A, a2A and a3A are output fromsplitter

/cQaaudsﬂddalreSpemwaiysThﬁﬁ alb@ BamedsurBButpots 5onnected to 11
splltter 1242. Signals al A and blB pass to first and

s Bid tba*ddmnbf@mhélybndssméfgtmcéliﬂsxewtngz
respectlvely Signal s a2A and b3B pass to 11 and 12

uts of a,fi.rst 180 degr e hybrid 1341 .of the kin
PPBé’c%Dé‘éfi ifoap ﬂll@. Tk B sgszgnérrgl Jﬁbﬁ@%ﬁ 1%811@(34382 pass to

it B s b P RSO S ek, ﬂﬁsgnﬁm £ oliSevimp dplitting into
Lf"oaf?ﬁi i @Q%%Zig 2 ﬁ@éﬁfﬁﬁ%g?ﬁé@r $0F Froptll Fom the third

nec{ elgﬂt%oﬁéls\fe flkf%%% "% lfcﬁl rd\igngﬁﬂg gf%umf}gbnd 1345 and
%L P20 2330 J BARE 9 padiite AR it YeG EhABM Bnals from the

fourth splitter 124, pass (fraction d1) to an I1 input of a sixth hybrid 134¢ and
(fraction d2) to a fourth ¢ padding phase shifter 128,. Output signals from
the fifth splitter 1245 pass (fraction el) to an 12 input of the fifth hybrid 1345,
(fraction e2) to a fifth ¢ padding phase shifter 1285 and (fraction e3) to an 12
input of the fourth hybrid 134,. Output signals from the sixth splitter 1244
pass (fraction f1) to an 12 input of the sixth hybrid 134, (fraction f2) to a
sixth ¢ padding phase shifter 128 and (fraction f3) to a 12 input of the third
hybrid 134;. Via respective fixed phase shifters (PS) 136, to 1364,, the
antenna elements 122, to 122, receive drive signals from outputs of the third
to sixth hybrids 1345 and 1344 and third to sixth phase shifters 128; and 128;

as set out in Table 3 below.

Table 3

Element | Hybrid or Phase Shifter Signal Amplitude
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fifth and sixth splitters 1245 and 1246 produci ng
three-way splitting into 10 fractions el/e2/e3 and
fl/f2/f3 respectively. Qutput signals fromthe third
splitter 1243 pass (fraction cl) to an 11 input of a
fifth hybrid 1345 and (fraction c2) to a third O
paddi ng phase shifter 1283. Qutfut signals fromthe
fourth splitter 1244pass (fraction dl) to an 11 input
of a sixth hybrid 1346 and (fraction d2) to a fourth

padding p :‘E?X fggrr’%glgﬁtn#t gtu(; 65?1 nals from 15

he fli22h sp 2B @3 A 0707b1f1B
flfth h\/hrl d 1345

out_of - t-h

ft paddi ngp 1285 and i 3
t’lZ% hput o%%sﬁlﬂsﬂ{%our?%4 hybyid 139208;%?(89136 BA)

gnal s fromthe sixth splitter 1246 fJaSS (frac

p an 1
) tgZan 1p |Iﬂb@tlddf 4 BUEIGL hy_@:ﬁ@l (02861 a@ﬁga‘ttoi - gH/b1f1B

o Py 'z O nadd: nhaca <
L} l U A p=) /\l || \v) Pauul ||y pl[aoc ST T0CT L Z00 airgu

fragopgn fB) tPhascl@hifftuf2®f the third 20 hylpipd
B43. Via respective fixed phase shifters (PS) 1361 to

861 aH g |SUgEmipat 1321 t

t he

riv 2315gna

| s from outputs of the

L0 SBoR k) ¥B.707a1e3A

brids 134
hi ftigl2g 12
hle 3 |E

B—and—1346andthird—t

ement  Hybri.d.or Phase

83 Hybrid236,, astmetS ouv
S

0 ST xth p”dbe

05(B2BI-€ a3 Ajet @707ale3A
hifter Signal

I de 2
g&) Il%@ 70

7bl fI B 1222 Phase Shif

s Hpbridripdsj outieud out

L B eanr BRHPED 79701138

as3A) 1223
7018281 B

Q/I4

RP B IRED 1

ter 12
4 n n R(h?R + QQA\

0L 707al e3A

0.5dI(bZ2B - a3A) +
86 Otﬂ(fa%a tiz&ﬁ}w@r’]@ﬂblﬂla

1226

nnfnu
P

ybrilqz 344, oup ége % + aSA) + 0.707ahe8A
227 Hybrid 1343, out put S 0.5(a2A + b3B) + 0.707/bl1f 3B

122,, | Hybrid 1345 0utputS | g 50104 - b3B)+0.707alel A

HII—‘O' D P> 0N le—‘HA_h_“mF*—h—'Ho

1224 Phase Shifter 1284 0.707c2(a2A - b3B)

12245 Hybrid 1345, output D | 0.5¢c1(a2A - b3B) + 0.707alcl A

Because all the terms al to f3 are fractions, all signal powers are in terms of
fractions of signal vectors A and B input to the first and second splitters 124,

and 124, respectively.

The phase shifters 128, to 128 provide ct)mpensation for the phase shift that
takes place in a hybrid (e.g. 134;). Consequently, signals or signal
components that do not pass via one or more hybrids traverse two phase
shifters (e.g. 128,) and receive a phase shift of 360 degrees before reaching
antenna elements 1225 and 1224. 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. 122,).

Table 4
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1228 Hybrid 13
1229 Phase Shi
out put S 0. 5cl
Shifter
output D 0.5cl
the ternms al t
are in terns o

1284 0.707c2(a2A -

43,
fter
(a2A -

out put D 0. 5(

(a2A -
o f3 are fractio
f fractions of s

a2A + b3B) -

al |
i gnal

si gnal
vectors

input to the first and second splitters 1241

0. 707b1f 3B
1285 al e2A 12210 Hybrid 1345,

b3B) + 0.707alel A 1221, Phase-
b3B) 12212 Hybrid 1345

b3B) + 0.707alel A Because all

power s
A and B
and 1242

r eFpectivery. [The phase sifters 128 to 12867 uvi ae
coprpensation fior the phase shifjt that §P ﬁ 3 ace
in| a Bypbitiedt (e, g.Splbd) Outpusequent |y, lté 4
sipgnal conponents that do not [pass via one Or TOTE
hyprids traverjse two phase shilfter¥olegg. 1281)Dentbels
regeive a phasie shift of 360 dpgrppe bef.ore rleachi ng
antenna elenments 1 a 229.1 I'n si gna
or sﬁg@allz‘ipnponentz%ﬁA Eﬁiplpass Vi a o eéqwbrl d “6'558
trpver sk oné phase shiTter (€. 9. 1284) and Tecei Ve &
10 rel ati ve phase stdAtbgdB 0 bef orelr i ng jant enh®3
elkenents (eg 1222\ Table. 4 209 Qn|iffnr Snlitter
Quf put Splitter t age |Deci fg aIA blB
0.Kh690 -6.58 [1241, 3‘1@4%":}?22A b2B O O IQ34
b3B 0.3040 -10.34 1243, 1244 Q. 707cl§a2A— b3E), O 800
1] 94_ 0..707d |19-498cd a3 A-b3B), 0.300 -1.94
124,124,
0.707d1(b2B-a3A)
0.707c2(a2ZA-b3B), 0.600 -4.43
0.707d2(b2B-a3A)
1244, 124, alelA, ale3A, 0.2357 -12.55
b1fiB, b1{3B
aleZA, b1f2B 0.9428 -0.51

Table 4 gives splitter ratios, amplitudes (voltages) are calculated from

powers normalised to sum to 1 watt.

Referring now also to Figure 8, there is shown a vector diagram for the
antenna system 120 when the phase difference between input signal vectors
A and B is 60 degrees, which is the angle at which the phase front of the
antenna array 122 is optimised in this example. Antenna element drive
signals are indicated in magnitude and phase by solid radius vector arrows
with antenna element reference numerals 122, to 122, and signal powers
(e.g. ale2A). Components (e.g. alelA) of such signals are indicated by
chain or dotted line vectors. Signals b1f2B and ale2A on respective antenna

elements 122, and 1224 are fractions of and are in phase with input signal
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0. 707c2(a2A-b3B), 0.600 -4.43 0.707d2(b2B-a3A) 1245,
1246 alel A, ale3A, 0.2357 -12.55 blflB, blf3B al e2A,
bl f 2B 0.9428 -0.51 Table 4 .gives splitter rati os;
anpl i tudes (voltages) are calculated from powers
normalised to sumto 1 watt. Referring now also to
Figure 8, there is shown a vect di agram for the
antenna system 120 when the phasSe difference between
i nput signal vectors 5 A and B is 60 degrees, which

ST 0 0 ) P D M b o
© Ib? rEﬁfHD tfi!)rd t?gx%n@é&l ?ﬁ%ﬂ{eﬂd Bea(tlggréeﬂ 'ﬂgﬁ'tder%g\gngngontams full

phase by so i us vector ar

eﬁﬂﬁ?‘ﬁ{a’c{cﬁ{ %ﬁ%ﬂgﬁ@@fglrﬁ%@%&dé %n?i%lez‘?%ﬁiégpf;}hg f;])e described

power s nts

SifgfRBks are indicat ed by 10 chain or dotted |ine

vectors. Signals blf2B and al e2A on respective antenna

el ements 1224 and 1229 are fractions of and are |n
ut-.si vectors By ..an

p?% Wréégllﬂlég O£Id§ e ?n aﬁﬁg%ma% SySigm gg@doggjet %ven tlon is shown
Do LR 59 PR T B ol o varabl

fugﬁﬁﬁpﬁgﬁ%fa@r?ﬁjﬁtmﬁg%ogt \}'5: %Q’S ﬂgﬁf%tn%bqgter 154, receives an
Si&ﬁhﬁ”&%%@l ofirf, Nehd '3 513 i@ﬁatb%ﬁ@%\%@ual% né o@*\%lé?(qklhas twice the

array 1 n elene ts 1521 to 1527, oylng

Vabinall of theedhier. OfReSItWwd steRAlk! e/ hRERIrtpdiRered signal is routed
integer. Afirst splitter 154 receives an - i nput

aﬁtq(? ?ﬁﬁfgs\nirémﬁﬁcig }tsllilifet shiffer i186q dnvd tisé Jowles poveeret] 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
b2 to bn are output via a third first fixed phase shifter 158; and a bus
indicated by Path Q. Signal fraction b1 has equal power to that of the signal
fed to the first fixed phase shifter 158;, and it is routed to a second variable
phase shifter 156, and thence to a fourth splitter 1544, which splits it into n
signal fractions c1 to cn for output via a bus indicated by Path R. The buses

indicated by Paths P, Q and R have Na, Nb and Nc individual conductors

respectively.

The signal fractions on Paths P, Q and R pass to a signal combining and
phase shifting network indicated generally by 159. The network 159 is
similar to that described with reference to Figures 3 and 4, and will not be

described further. It has the function of combining and phase shifting signals
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power of the other. O these two signals, the higher
powered signal is routed 10 to a first variable phase
shifter 1561 and the | ower powered signal to a first
fi xed phase shifter 1581. The first fixed phase
shifter 1581 provides an output signal via a second
fi xed phase shifter 1582 to a gfpond splitter 1542,
which splits it into n signal Tractions al to an for
output via a bus indicated by Path P. The first

{30 SRR S8R5, FShertE B 005 AR S ey or e
SRSk SRS, 25Tk 88 P ARBY EHL 908 6788 156 s o
SRS o LR B i SR o 8560 ) o can b

f e Bfé%ﬁ@caigt% Ronipdtd @Nthd hsé SN Eshd gual.spg-%@ﬁé 9 may be

vari abl e phase shifter 1562 and thence”to a fourt

sektddd®id wathfaddiional eBhibifatibnk B anialle phaB@khifters and splitters
fractions cl to cn for output via a bus indicated by

Paf h 1Rrgeiheinipesestilt indiegated: hye. Pasthss Bl 1@ varthRy hwse shifted at
Na, Nb and Nc individual conductors respectively. The
sil@balankr glit ainkS4y) cRamlay B vaxiabtly Bhpeas shiftedhandgpdit to produce
conbi ni ng and phase shifting network indicated
gdiciondiydbynagbe vemiastpose tBGelsndsIs w perducs el to en, and
that described with reference to Figures 3 and 4, and

WBP|0hot be described further. It has the function of
conbi ni ng and phase shifting signals 31 to produce

antenna el enent drive signals that vary appropriately

f Refbhéng Mwsad Rigiay 162thekBeisusitowh dmanyainakistem 170 of the
phase shifters 1561 and 1562 is not essential, but it

| verets@s fohe phagel afraan@7@sobwar eldrnehtsan7apttentiA ;, employing
can be tilted electrically as conpared to the use of i
oghpgodelmids vafiahle delymdtyise vBrient efitiee system 150 described with
addi ti onal conbinations of variabl e phase shifters and _ .
sptliereres to Higurd Qr gdriivsasplitier kiditreceivesqan irput $igeal Vin, and
. | i i abl h hj fted at
g}%fltsalst ikt)ltoltgvovglfgln% s bne Gf which has twice the power of the other. Of
these two signals, the higher powered signal is routed to a first variable
phase shifter 176, and the lower powered signal to a first -180 degree phase
shifter 178;. The signal passing to the first phase shifter 178, is designated as
a vector A. It provides an output signal to a second splitter 174,, which splits

the output signal into four signals al A to ad4A.

The first variable phase shifter 176; provides an output signal to a third
splitter 174; which splits that output signal into two signals of magnitude
equal to that of vector A: one of these two signals is designated as a vector
B, and it passes to a fourth splitter 174, which splits it into three signals b1B
to b3B. The other of these two signals passes via a second variable phase
shifter 176, to a fifth splitter 1745 at which it is designated as a vector C, and

which splits it into three signals c1C to c3C.
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1562 and split at 1544, cl may be variably phase
shifted and split to produce dl to dn, dl nay be

vari ably phase shifted and split to produce el to en,
and so on. 10 Referring now to Figure 10, there is
shown an antenna system 170 of the invention for a
phased array 172 of ten el enents, 1721 to 17210

enpl oyi ng ganged doubl e variable delay. It is a
variant of the system 150 described with reference to

Eﬁggtgzﬁsa?]rﬁ %L(g%tl S(g%laiséttsr ﬂ;l‘t%?%) r%ﬁiﬁ?’ﬂéﬁ af?;%i)%gd’gﬂ% via antenna
V‘@gﬁg‘e Eﬁg@ér‘é" fﬁ%} Eﬁdpﬁ%@ re\%@e&ﬁ@eﬂ} rﬁgnag biB ¢t ec:2C and c3C

sign her srrgnaFI's route

V@ecﬁ@%lﬁ?r@wcﬁh 33 em?ﬁt fs‘i%%lyt%lﬁ‘i‘ﬁd steBSnHOYIﬁE(f‘l and fourth 180

ed sig to a fi degr ee” phase

138 recRebiaH9NR0, PRSG], NBX, Al €80 bﬂh@kﬁﬁ?dééﬁﬁ@@d earher These
1781 is designated as  a vector A It provides an

ohybtidsghronéde hxignslecombinilg héwvork! Megnwhi €hAsiel 444 provide 12
the out put signal into four signals aIA to a4A. 20 The
mpnt varriadbl ® phase lsybfider rekpéttipebyi ¥és mespeuotipat fixed phase
gnal to a third splitter 1743 which splits that
o&hxftﬂrs {P&nal 82mt162bwb824 tmdl&2,ofl 83ngnidt L8R, thpiahterma clements
hat of vector A: one of these two signals is

déé’Qgrﬂa’l?ad 1424 é0\1€8v501729E¥m@r1d" 2y rqredee drive saighalgriram outputs of

r. 1744 which splits it into three signals
%@% rﬁ}?elEQhé? B304 Wi AR 18ides A% Sﬁ%\é)élgénv agie 4 below, to
d vari ahl e has 2 shlfte 762 t fift
sw ek dhe19aE VISR, @H@ SoLTZnanddl i a%?%e@n added. Here

ich split into three S|gnals clCto c3 C
3 A%?ﬁﬁﬂﬁgxﬁ iﬁﬂbk “1C pass to antenna el enents 1723
and 1728 via antenna phase shifters 1823 and 1828
respectively. Signals b2B, b3B, c2C and c3C
respectively provide 11 input signals to first,
second, third and fourth 180 degree hybrids 1801

1802, 1803 and 1804 of the kind described earlier.
These



5 hybrids provide a
al A to ad4A provide 1
respectively. Viare

(PS) 1821, 1822, 1824 to 1827, 1829 and 18210i
1722, 1724 to 1727, 1729 and

antenna el enents 17
17210 recei ve drive

hybri ds 1801 to 1804
Tabl e 4 bel ow,

nmdabse fiot appl i cabl e.

si gnal
2
spective fixed phase

21i
signals fr
with anpli

out put s

conbi ni ng network. Signals
i nput signals to these hybrids

S

of

udes as set out
to 10 which the equivalents for
elenents 1723 and 1728 have been added. Here

33 Table 5 Antenna El enent

hifters
t he

t he
in

N A

Hybrid Qutput Signal Anplitude . 172, Hybrid 1802,
output S U. 707(b3B H aZA)_ 1722 Hybrid 1801, output S
0, 70xptBaEmgnt 1723 NHybnig Ouifaa Hybri d 18015ignal
out put D 0.707(b2B -| al A) 1725 Hybrid 1802 out put D
0. 707(b3B - a2A) 1726 Hybrid 1804, out put de
0L 707( c3C+ adA) 1727 Hybrid 1803, out put 50, SIP AL
agA) 172 A clC (1729 .d 1803, Qqutip
0. 707( Cch%;vs 172 ﬁw%&éﬁa@wp@m put b-%7(b33 +a2ZA)
O. S UI DPIII.I.CI Id.l.IU\.. are QIVCII III
Tabl e 6 blenaw, wher e allybeidt 80y ehitpges ha@aom(@amam
calculated from powers nornallsed to sumijto 1 watt. 34
Table & 175, N/A b1B
1724 Hybrid 180y, output D 0.707(b2B - alA)
1725 Hybrid 180,, output D 0.707(b3B - a2A)
172 Hybrid 1804, output S 0.707(c3C+ a4A)
172, Hybrid 1803, output S 0.707(c2C+ a3A)
1724 N/A clC
1724 Hybrid 180;, output D 0.707(c2C- a3A)
17240 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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15

twp variabl e ppase shifts at 1761 and $phfter Ratiesver ,

Splitter Splitter Qutput Sputter Ratios Voltage

Deci bels alA, a3A 0.3162 -10.00 1742 a2A, a4A 0.6324
-3.98 1744 blB, b2B, b3B 0.577 -4.78 1745 c1C, c2C,
c3C 0.577 -4.78 The vari abl e phase shifters 1761 and
1762 are ganged as indicated by arrows and dotted
lines so that they vary togethe§4and gi ve equal phase
shifts. They are controlled by a tilt contro
mechani sm 186. 5 It can be seen from Figure 10 that
only the upper half of the array 172 (antenna
elladabs 1726 to 17210) receives signal contributions
associated wth fractions cl etc. fromthe fifth
sp[itter IL745,JThese contributp ons naving under gone

on|y Smpdittdrone| (rglfttesfOutpaitariiay 172 | e antenna

el prents 1721 to 1725, receivel sigoal contri o)
aspociated with fractions bl eftc. %&?ﬁjgt%he fourﬂgc“?‘gig
spfitter 17451 théese coniributi ons havi ng under gone
ong variabl e phase adi§,fa3At 1761. Bodh62Zhal vies ofl(.0@
arfay ﬂ?ﬁz(oth%%mmwmm_
repeive signal conbry bitdons @l A gfgzrfromithe sgegnd
splitter 1742,| these ’contri butions not havi|ng

ungder gone a vari %bl e phase shifft at_ 1761 or {1762 15
Ref errild¢anow } o IiigglhzéaaltﬁBt he ant@Rdd systlem of 4k
I nrent+or—ray—pe—ipterentedjas—a—stngle—feeder
syEtemlcmsa dupl cfieeqeiC sysecem | n @ssimgle | feedersg
syptem a single signal ‘input |200 supplies g signal
Vin via a feeder 35 202 to an antenna assenbly 204

Wh%hvaﬁ*}lagbl%epﬁ?s%nélﬁ%e?sn I%]naa%h iMlézhalaenganged as indicated by arrows

and dotted lines so that they vary together and give equal phase shifts. They

are controlled by a tilt control mechanism 186.

It can be seen from Figure 10 that only the upper half of the array 172
(antenna elements 1724 to 172) receives signal contributions associated
with fractions cl efe. 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 efc. from the fourth splitter 1745,
these contributions having undergone one variable phase shift at 176,. Both
halves of the array 172 (other than antenna elements 1723 and 1723) 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



10

15

20

25

antenna array 206. Signal splitting, variable and
fi xed phase shifting and vectorial conbining as
described earlier is inplemented in the assenbly 204
on the mast. This has the advantage that only one
signal feed is required to 5 pass to the antenna
system froma renote user, but ainst that a renote
operator cannot adjust the angle of electrical tilt
wi t hout access to the antenna assenbly 204 on the
rators

B2 a0 BRSSO G0 PabeR By e THOUTEG b Aggast with an
U R0, SR R 3l BAELES st an
VR bR v kg R i SRR R ey $hapE aSsembly 204
e SRS W S A A i 8 e
2?)‘&89%0' HAbAbINal by delts FroheAT el 1P tlﬁﬁda%ﬂhﬁn fRat a remote

ray 60 and mast on which i1t is nounted, a

appendrf eathdid adptstofe 2h1 S8 dedrichl dittewAlhdiRY abess to the
co-located with the antenna array 216. Signal

s phtdrinangssdrhblgd2 phagetishinidstna 166 f opastskHarinidersingle antenna
vari abl e phase shifting also) and vector conbinlng as
desaulidodd haselthesame dngleafeleentidab tilt.he assenbly 216.

A user may now have direct access to the tilt control

section 212 to adjust the angle of electrical tilt

r f r 6 :
nagggﬁn]:ékgzt i@% gﬁ eﬁﬁfeﬁﬁﬂ%iyg A’ & Bdhe ﬁ]v%'?l dci)‘ftaﬁttlpléiﬁgnted as a dual

j ustment tndependently o users

siiéeddig sybenant eona "AsisesPitén? I8as | tdt dedhtréPedetion 212 which
installafion it is also convenient to reduce tilt

sepaktates twd Signlads XA thirl IR dsdedcrithabearlier, and these signals
di fferences between feeders, e.g. a difference

batewfed tihaeapgitevofewlors liddalarid 214Bequan exhtbyna laeray 216. The
operator and that at the 25 antenna. Wth a respective

t tilt control slectient 2 bh 24y g dredosdted withha wperranurtely from the

and at an input side of a frequency selective comnbi ner

| 8BtgE arrayn 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 to 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
lessen 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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36 operator's base station, it is possible to

i npl ement a shared antenna system wth an individua

angle of tilt for each operator. Figure 13 shows a

phased array antenna system 240 of the invention

equi valent to that shown in Figure 3 with nodification

for use in both 5 receive and:ﬁgansnit nodes. Parts

previously described are like-referenced with a prefix

200 and only changes will be described. A variable
control,led,is

PORE el P il .50 ie o hpleriRl p NG alitemna system

i, 0k ' eries with

bgvr% pé\ézﬁ @1%@1%#’1?1{%%&%t@i%&ﬁ%@o@&gefﬁﬂgre is also a

simlar receive (Rx) path 10 249 with a vari abl e phase

shifter 251 between and in series wth bandpass . ]
fFigwes 135shaws 2s5phased aarray ABiensaaypiem e246r of Nke invention
257.. Transm t_and. recei v%_freq enci es arge

SoAvival e 1 (AT ISBOSHE o PAEVIGW X NG (BOSECRUGR atcbquse in both
S e Saramy R T &y e SLE RSt Ber i Mkgeferenced
FAEL SRR 20 SRS SRR SR ALl hefiabie phase
Fagt o Wity e AR R Tng SRR el () mode

O P 28 CopnPr R SRR rark RGOSR (ARSI iy scvies with

PBasdpdsk i SrsAEP L a5 2kwf 24 20ThBrafdakbansiisilar receive (Rx) path
operating in transmt node, elenments 242, 244, 252,

2249 \Rhh a sadiabh8 phas@Ghiftar @ SthBekag@biahidt v Séries with bandpass

operating in reverse in receive node wth e.g.

shltets 863 ded afi hgndoabliowe rmisd renpiifiyr dirf EAIARMEE7. Transmit and
between the two nodes is that in transmt node the

fredive 2B8UeNoKisdere inopoal hnsufficiestlyt differens ta4dleawdthem to be
243f are traversed by a transmt _signal fromleft to

risghated from one another by bandpass filters 245 etc.

There are further and 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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25 whereas in receive node receive paths 249 and 249f
are traversed by receive 37 signals fromright to

| eft and feeder 265 provides their conbi ned out put.
The receive signals are generated in circuitry 264,
to 264n and 260 to 254 by phase shifting and
conbi ni ng antenna el enent sign $ generated by the
array 262 in response to receipt of a signal from
free space. The system 240 is 5 advant ageous because

g IR G IRl ad kT bbby e dhtlin SERBMed output The
ge&fivémﬂg{l&ﬂ“&le %FHQ{)J{BM% éﬂ'gﬁltﬁ'f %ﬁvat%t Qgg,ouﬁ{&/ »60 to 254 by

IS 1S n possi ecause an

%@Hffﬁngﬁ’x?i EBﬁﬂ.’Hﬁﬁ% gﬁnf‘e?ﬁfaén Binef %%ﬂail‘s %m‘g?éﬂﬁeﬁ by the array

er at erent tr recel uenci es.

196861’&%%%3@% }@ceF g\¥fen ]sil%ne@} 888 FFbAkpaYe aAThEAtem 240 is
system 300 of the entlon s shown for Use in

t ndnaiiapeand H&@t@s@/&t aNeess bigladl off BleetriEafoiilt in both transmit and
operators 301 and 302 of a si ngI e phased array antenna

3oe&ceiPar hodeguitvabentind¢peridergly mdjustabde yan@sty i leedmade equal:

are like-referenced with a prefix 300. The draw ng

hasrmalyntiend oflisdidvhatareoushanrbis is paot spossibile flecanse antenna

channel s 15 which are equivalent are nunerically

| Bxﬁemf@*@p@e@m baven equemy@lepguden&ewoparts@ﬁ fwikich differ at
i ndicates a transmt or receive channel, a suffix

1Cl erept itrpisesit agdieestvesfrequensigsoper at or 301 or 302,

and a suffix A or Bindicates A or B path. Om ssion

of these suffixes froma reference nuneral prefix

(Re@em@&iomaﬂs}ﬁgt{% B4 ai phasechayiayg dnbetindrafstem 300 of the
are referred to In|t|allyatransmt channel 307T1

ofnvdmgidri istshoper fdrouse i twinsmibendesceibethoddhby multiple (two)
transmt channel has an RF input 342 feeding a

spperaters 304 and W2 o a singlel pﬁasdzﬂa aimpuantbanasdlp. Parts equivalent
vari abl e and_fixed phase shifters 346T1A and  348TIB,

st(gﬁ pse gasyieusdn dwrmﬁﬁs@rghlﬂkwe&rgn@erdw agpeetrs 300. The

arawmg has a number of different channels: parts in different channels
which are equivalent are numerically like-referenced with one or more
suffixes: a suffix T or R indicates 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 348TIB 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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bandpass filters (BPF) 309T1A and 309T1B in different
dupl exers 311A and 25 311B respectively. The bandpass
filters 309T1A and 309T1B have pass band centres at a
transmt frequency of the first operator 301, this
frequency being 38 designated Ftxl as indicated in
the drawi ng. The first operator,s301 al so has a

recei ve frequency designated Frxl, and equival ents for
the second operator 302 are Ftx2 and Frx2. The first

OREE R ERRPIS a8l 9880 i il BPSUBREYLRL B hRlof §0Malso has o
SO oot ) 2t VRIS B S50 ooy operator
anpadi@qand Qﬁpp‘pﬁ@_s filter 309T2A. These conbi ned

signals pass along a feeder 313A to an antenna tilt

network 315 of the kind described in earlier

, and th to.the phased t 305.
ST b PRI GG AR BBGUAREY HArRUPH dicgh he lefimost

??aﬁﬁﬁ%ﬁ Jitey, SRR 28 g0 bThed b Stk it Rlupleket 11 with 2
S RER Y  AHEhv2 cn om
| : T . ( :

o ATV IE S LSRR g ps s «
Vitgedres PJ‘}\E‘[!EFQnt:;irit&m‘i‘@tti‘lPhEtv?’/éuEl?1 343 Dethé Uendddi8riblE in earlier

sanme phased array antenna 305, e two operators can

akkemplédieind themsdmd thoghese@farpheaintésad 3050 SiRAldly, the other
i ndependently and renotely from the antenna 305

méirsd ypbratadjtusising sigsalng Eregaehead! Bxihaagghrbirebahdpass filter
each case, i.e. variable phase shifter 346T1A or

33692AH aspeatibiréy . bAnthieogecsihd , duplesiey €3 silgnalith a like-derived
returning fromthe antenna 305 via network 315 20 and ]

f 8eeigrt opeBNoataIBE signabiavifteqhdycyt FexYupltpuefom an adjacent
SélA and 311B.. These divided signals are then

f Ppadpass HHer 309448 hbrse gombined fignzlisamssralpng a second feeder

313B to the phased 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, 1.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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and Frx2 in bandpass filters 309R1A, 309R2A, 309R1B
and 309R2B, which provide signals to variable and

fi xed phase shifters 346R1A, 346R2A, 348R1B and
348R2B respectively. Receive angles of electrical tilt
are then 25 adjustable by the operators 301 and 302

i ndependently by adjusting theig9 respectively

vari abl e phase shifters 346R1A and 346R2A. Signals for
nore 39 than two operators may be conbined in

Ly L e
L o Eh L -
13u$i¥8 184D Q:tflsré‘w&ﬂd% ﬁ&@%ﬁé?&gﬁhﬁﬂgitﬂf ﬁ]_,}ltfﬁ%es 1 to m where

I nvent i on Iarg the sane as t own 1 n gure

10n iPathd BuBRlR FFuUsderadgcr i bed are |ike- referenced
with a prefix 400 replacing 100 and only nodifications

will be described. The system 470 has a first
ltten 4741 whi its an. input

SPUHT 3 h O o8 i BPeciiEly 9 5mu 220 irdhe TPRGtion largely
250 BT PG Rodth yh i FECLOn B b0 G5 0eshied are like-
1 . 77 i . . .

e eiteet, ot pretif dRERESoctll M0 8RS Piridbikations will be
44é3cABEd ATHE SRRARA 70 s gcﬁﬁgst i[glgtﬁ%toﬂﬂpvﬁ?ibﬁﬁﬂﬁs an input RF

antenna radone 479, 1 n whi S varl abl e phase

skibffi@r stiR? at st A30habesvo Partk)@neysf oMidH GLBeE 8i£% Abst variable
described earlier with reference to Figure 10, except

t patse vhifter g476and sdosnderded dGl7e apldage: sthidit direcdyGd a second
and 4762 are no |onger ganged but instead are
afipedsred’/ 7V ndEpentemt KY3 ta 4feviredocated inadyartagecellular mobile
that,  an indivjidual angle of electrical tilt can be

pradiiodbase statisacmotogwrveinbr Thadeederst HE7 annd Ve .4mnect the base

(using frequency sel ective, conbi ni ng such .
station to a remote antenna radome 479, in which a second variable phase

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 for each
operator sharing the antenna 472 (using frequency selective combining such
as that shown in Figure 14) but the tilt range, common to all operators, is
extended. In praétice 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
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20 as that shown in Figure 14) but the tilt range,
comon to all operators, is extended. In practice the
angle of electrical tilt set by the second variabl e
phase shifter 4762 may conveniently be the average of
the individual angles of electrical tilt of all the
operators sharing the antenna 4/2. \Wereas Figure 15
shows adj ustnent of the second Vari abl e phase shifter
25 4762 within the antenna radone 479, it nmay al so be

SELAGAIZATD! LA %A, AR 5L o). P
PURGHA S R 490! SR, 0L IS RETET R 470
 BEHARESC ) TR OLhoORFI B e B common to

anf} aeyst em 500 of the invention enploying an
i nput splitter SPI, parallel |line couplers (PLCs) SP2
and SP3 and 180 degree ring hybrids SP4 to SPIT and HI

it 550 LR A B0 e 0

' o E : [

bl LT8G Re IBRhE. apoliworplife; "¥P11 PR ke coupters
_ &

PONES) ST Sl o) 80re8 ey ERARG, S| §PR Al H to e

86l ATSpIS e THEIOUERY sPONLS a0l BRRNIRS ohendRates o hybrid

generator hy S to H6 are sumand d enc

OUSRES al Juchh @ﬁﬂ%fwe&@ms]j? GRPe©r! Fakh-ofiemhyiedd SP, to SP,
of an individual ring hybri P4 to SPI | and HI" to He6

| anddipratidg HasofoukSpens, per firby afd deondc mpit4pétd and first and
from another port by a distance 3214 around the ring

cseaurd endpue portsacidicatel rdspectidly blye inmeetibngad outwardly
of the signal Vinintherin% material. A signal ]
agptcied awows. iHpuoupurtt pafs afieach efthe SRyghparatas hybrids H; to
SP4 to SPIT and

Hg are sum and difference outputs indicated by S and D respectively. Each
port of an individual ring hybrid SP, to SP,, and H, to Hg is separated from
one port by a distance A/4 and from another port by a distance 3\/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 SP, to SP;; and
H; to Hg is split into two components passing respectively clockwise and
counter-clockwise around the ring, which itself has a circumference of
(n+1/2)) 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 received from

respective input ports distant A/4 and 3A/4 from an output port will be in
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H to H6 is split into two conmponents passing
respectively clockwi se and 20 counter-cl ockw se
around the ring, which itself has a circunference of
(n+l/2) X where n is an integer: these conponents have
relative anplitudes determ ned by the relative

i npedances of the paths in the ELng t hey pass al ong,
which allows splitter ratios to be prearranged. Two
signals received fromrespective input ports distant

SRR BB B T B SRS Y o citernce
S ST RBOR Bl PSR4 04 Qs recevea
S B RR 5 PLAOF Bs R o st o
<0 APBEPRS 0 PSSR Y ro R I lncos e

ut
'. . . | :
e e o e
therefore isolates ports 212 apart from one anot her.

Each ri.ng hyprid SP4 to SPIl ysed as a splitter_has a .
f Fagh rlﬁgugygadrrs al to (%Pmmsa yaslier sehder diasogyfirst input terminal

BTy el e Gimoed SanpBele v ant i maghd)d a second
|l P e i et PP REG Vet Tora nifed load). The
SRR i S8 BAgE f ing hbis o

ermn

L;ﬁlyﬁgﬂ SPiwt& P eeReRle UEnSR! b4 tAEY 1:3f s hgg@%gﬁ%tween their

_ ratio of ‘i npedantes between I nput" and
t e8dHeRBive itpBResrRAREs With tr@%e?%ﬁztee@lﬁ@iglg Aid dcé%termined by the

earlier enbodi nents an input signal Vin s divi by

t hetid ofSinpridanttebefRdeh ihPutt aved 8aHRlt tehanIS intHaeh case.
are each reduced to -3dB 15 conpared to the power of

the input signal Vin: one signal so forned passes

LY O R 4@D! & AIBAAIGbBiMeALRA ARBPIUSAVR: is divided

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 appears 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 Ol 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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vector A The other signal so forned appears on a
second feeder 506 as a vector B; it is possible to

i nclude a fixed phase shift (not shown) between the
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 respectively, each
of which has two output terninal’'s 01 and 02 and a
fourth termnal T4 termnated in a matched load T

F AR AR it IS 5P T PR AR T8 st imput
G o e R LR IR, MR EReh eifucty, whereas
| BRSR ED nRRC T RER o URMYRL DU JERFLs pf the sixth and
tB@véﬂthssg)litﬂa‘%ﬁtSPc?tﬁidTBPf?'résgqutf fifth and eighth

splitters SP5 and SP8 respectively, whereas the
-16. 11dB signals are fed to the first input termnals

oft h I Xth .an seventh.splitter.s 6 _and SP7 . 3

r dEsoBAH, S {uBE Spac8iien i8hirndti sk thl Pyl signals which are
[ ' | . Jnt ' l. [ r Cc iR

B0Mc |0 8ot Ry AL SBCURGIERIA'E o 0HSH 1 5. and
- . i . . t i .
BB ST AR IORELCI AR LA RSl splier
fi t, v il t ° '
P epBEUReneSoL g seshes s SHTIN y O8 clih sl
| BPQ dwidsy itSi - DNBPEB- Imp3d BigAst irkoS8Btpul GiBRAIRW Y. BEB and -1.5dB
i nput signal, , and these output signals are fed

r beleastthe ahput gigild, , bhdsthesd putptesipinadd arofed bespectively to the
ninth splitter SP9 and the second SD generator H2.

Thestf ioput herspinals ef ti8Pairthwipdgteri $By arkd ddBdomp$D generator H,.
signal into output signals - 1.68dB and -4.94dB bel ow

its input signal: of these the -1.68dB output signal
 THker R PSP SRSy Hoxar BSRoRRLfL00 B it signal
aniGeIR #d ay H4dB 18w StsORUSiEnal: of these the -1.68dB output

signal is fed via a line L4 to a fixed phase shifter PE4 and thence to an

antenna element E4 of a twelve element antenna array E. There is one such
line Ln 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 1.9 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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line Ln for each fixed phase shifter/antenna el enent
conbination 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
i ndicated by "PEn" at the end of the line Ln in each
case. The -4.94dB output signalggdrom 20 the fourth
splitter SP4 is fed to the second input term nal of
the second SD generator H2. The ninth splitter SP9

o) BP0 U B ) B B B sl

- aBRSRPPBERWY ifd SRk signdl edf héke U glhﬁlle%l RalQrdis fed to the first

antenna el enent E9°via a fixed phase er PEQ. The

4i%etBrezminyl pethe ifMRISID s dredator MheasE N dthdPut fed to the first
termnal of the first SD generator H . 43 The sixth

s phputt wrmBRE] of the texdabDsgendraesr Wi dhepsaduiespliter SP; is also
out put signals each 3dBbelow its input signal: of

t hesequalt pplitte grradscone tiw fordptio sigealéicesth 3dBpltelow its input
termnal of the fifth SD generator H5, and the other

i signad, ard the ouitpet sighalswaret adniontie Gfsttinput témmingis of the fourth
gengr ator H3. The seventhi\gllitter SP7 is _alsg 5 an

egualsisth ST @engratartc Hagndubleotaspeetisenaildhectisrt Sdrgenerator H;
below its input _ signal, .and_the output signals ar

£ B85 PoSUROWIR (S PREmected i thar secomd Ut dirnal ithe fourth SD

SO B SO S 2, R P Ebvel e T LSt cminat of
TR SR SIS CRTARAR SO TR T s o som
S S0 HERR b e L ror .

f_g. hﬁftasﬁﬁ?é}%nge Rﬁﬂtpﬁfe Wc@ﬁhe@fe&[)ﬁ? ah! fh bt j@rrﬂ?r?ﬁr@f Bhe eleventh

as a difretrence output conne to an
| pliteet PN, nal of the eleventh splitter SP11l. The
tenth splitter SPIO is an equal splitter producing two
equal output signals

The tenth splitter SPyq is an equal splitter producing two equal output signals
each 3dB below its input signal from the first SD generator H,. One of these
output signals is fed via a line L2 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 .11 to an antenna element E11 via a fixed phase shifter PE11

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

The third to sixth SD generators H; 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 L1, L3, L5 to L8, L.10 and .12 and fixed phase shifters PE1,
PE3, PE5 to PES, PE10 and PE12 respectively. Direct comparison of the
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15 each 3dB below its input signal fromthe first SD

generator H . One of these output signals is fed via

aline L2 to an antenna el enent E2 via a fixed phase

shifter PE2. The other of these output signals is fed

to the second input termnal of the third SD

generator H3. Simlarly, the elgyenth splitter SP1l1 is

al so an equal splitter producing tw equal output

signals each 3dB below its 20 i nput signal fromthe

S n ok; f [ [

¢ O, OB PROBNTLOLIETAL VIF 18 pOWERE O bRl BOBLRd By antenna

ficX@fleRfR8Sn TR fa@e RFAAAIRR hé B QUl&ss hiurked B)ﬁghél? signal path

second input term nal” of the sixth SD generator
T!O'%ﬂdﬂﬁgi logsesiintitorBRiggn&mponentdy: £, HatdiaveeRhRME4 receives
difference outputs S and D providing drive signals to
aatsignal elldokhias tekn E3uckd dompBredEdDimgnd RowvEd 2o vBdB, -0.12dB,
lines L1, L3, L5 to L8, L10 and L12 and fi xed phase
shb 3dB snBEl, 68dHEXRt spHbters SPE8 SPRESD s and $IE]L Zespectively, a total of
respectively. Direct conparison of the 44 power of )
t W@ liddbut Redlghiue phasieg pbwartennd elegreutsdrizeesignglpywill not be
antennﬁ el ements can pe nmade by adding the dB values
nHEREADSY asate angyals paequivalghomutgliv gsaadip to those given for
non-.i deal c% onents): e.g. antenna el enent E4
r BeHigreamby gﬁﬁﬂ%ﬁ- whi ch has been reduced conpared to
i nput power to -3 dB, -0.12dB, 5 -5.3dB and -1.68dB at
splitters SP1, SP3, SP5 and SP4, respectively, a total
ofThe-&@nbdBimRatsaef the pivastion déscaiiteehatzowed ased80dldgree hybrids.
signals will not be described as the analysis is
eddioyanantbenapiaced hyiteapd?@ degred spadyatues Hydrids with the
earlier enbodi ments. The epbodi nents of the invention i
daddiion el Yulegrgs phase shigersdorghiainthe same Trgyaldyinctionality,
\kl)ﬁ retsxl aCde by e.g.. 90 degree 'quadrature' hybrids

Philigds lespipiactfabf 90 degree phase shifters to
obtain the sanme overall functionality, but this is
| ess 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.



Exanpl es of the invention have been described based on

a sequential connection of splitters and hybrids,
abbreviated to (S-H). Fromthese, further 15 exanples

of the invention can be conceived with nore stages,

e.g. SHS S-HSH etc. 450 CLAIMS 1. A phased

array antenna systemwth ad;ﬁsgabl e electrical tilt

and having an array of anteTha el enents, the system
incorporating: a) a first splitting apparatus for
splitting an RF signal into first and second RF

$IOAIMS b) a vari abl e phase shifter for introducing a
variable relative phase shift between the first and
second RF signals, c) a second splitting apparatus for
dividing the relatively phase shifted first and

decond\ phasedaaiay antemneesystem weth adjystatslet elscgired] ilt and
and d) a signal conbining network for form ng

vect ohawing awabiayaof antenof ¢lementsytbeeystangnedrporating:
second splitting apparatus and the signal conbining

net woek beadirst splitttng epparains donsphtinganRbsighalgnto first
drive signals for _individual antenna el enents, the

drive si gnand seeopd RE stgnalkase progressively across

the array as a_,function of _antenna el enent posjtion .
as reBlir ed vastabpophapeashifier yeiniroduciagmn vasiabherelative
of electri Cﬁ| tilt of the arr%y being adjustable_ in
response tBhase shidt between the fiystrangsecond R signalfase

shift jntroduced the vari abl e phase shjifter. ]
c) a seconc{) ySphttmg apparatug or di1v1 ing the relatively

phase shifted first and second RF signals into respective
component signals, and |
d}) a signal combining network for forming vectorial
combinations of the component signals, the second
splitting apparatus and the signal combining network being
in combination a means for providing drive signals for
individual antenna elements, the drive signals varying in
phase progressively across the array as a function of
antenna element position as required for phased array
- operation and the angle of electrical tilt of the array being
adjustable in response to alteration of the variable relative

phase shift introduced by the variable phase shifter.



46 0 2. A systemaccording to Caim1 having an odd
nunber of antenna elenents. 3. A system according to
Claim1 wherein the variabl e phase shifter is a first
vari abl e phase shifter and the systemincludes a
second variable phase shifter arranged to phase shift
a conponent signal which ha; been phase shifted by
the first variabl e phase shifter, the second variable
phase shifter providing a further conponent signa

out put for the signal conbining network either

i recty ' . ILter/fvarn]
ni 1 6y Sulkm AePodfife ¥ CRify THAViBE Ay GRUIRIGLRY B Bptenna
mherekﬂ?h vari abl e phase shifter is a one of a
plurali'ty of "vari abl e phase shifters, and the signa
conbi ning network is arranged to produce antenna .
el enent drive signals fromconponent signals_sone of .
vhi chAnaysiepnaceerdingtodglaim | whereinthemasiabe phase shifter
shifters and so of mhiﬁgfhave not. 5. A system
accor i Adlss varmble phasershifier madstsosysten 1n¢ludgs a second
apparatus,js arranged to divide a_conpgnent signal )
"nto Variahls pﬁ@%ﬁg tala'aggﬁq? §0fnhasprﬁ§u§ 3 gofeonent signal
si gnal ,coi ni net.wor k.. .Q. system accordi.ng .to .
3 S A Egmdﬂassrﬁ}lg@éﬁay R girshatamphle sy shifter,
phase_shifters and brid cquplers (hybrids) for
s ot SPE I VARt dHans SUBeD Hal A Turihgs component

0 7 RSP £ A %id o LGB S By By 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
combining network is arranged to produce antenna element drive
signals from component signals some of which have passed
through all the variable phase shifters and some of which have

not.

5. A system according to Claim 1 wherein the second splitting
apparatus is arranged to divide a component signal into further

component signals for input to the signal combining network.

6. A system according to Claim 1 wherein the signal combining
network employs phase shifters and hybrid couplers (hybrids) for

phase shifting and forming vectorial combinations.



8. A system according to Caim6 wherein the hybrids
are ring hybrids with circunference (n+l/2)a, and
nei ghbouring ports separated by 214, where n is an
integer and X is a wavelength of RF signals in
material of which each ring hybrid is constructed. 9.

A system according to Caim8 wherein the splitting
apparatus incorporates ri ng‘%ybri ds with

ci rcunference (n+l1/2), and neighbouring ports

separated by 214, one input port of each splitting
dppar & usstothr accdieiing toeClianat 6d whérgim theshgbads are 180
equal to the system i npedance and fornming a matched

| oad. défreethglysitiem according to Claim 1 wherein the
second splitting apparatus, variable phase shifter,

and the signal conbining network are co-located with

he ant I AL . an S . d..
gne an Sysferfi SOE3Nd; gq%\é CAaifi 6 e tﬁ%@ﬁ@?“? e ring

%hedass y has™a sl ;nput porgr _

7o U904, R, P (44210 i AGePPRGh o

oSSl PERn W AELL B B RBRECAE s paypleneth of
litg .St | . ith-th i abl h

P! 1+ BRI hiett bESALEH slbb bR tRld B0lSpRlRgea

the second splitting apparatus, the signal conbining

network and the antenna array are co-located as 48 an

8nt enda systeantaorording to<Cladme Soiwherain dbelsphitting mpparatus

power feeders for feeding the first and second RF

si gnaincarporites anignhybadsemiitly cirounafarenct e(isbli29d and

at which the first splitting apparatus and vari able

phasensighticarrieg epdris asegdhirated by A/4, one input port of each

splitting apparatus hybrid being terminated with a resistor equal

to the system impedance and forming a matched load.

10. A system according to Claim 1 wherein the second splitting
apparatus, variable phase shifter, and the signal combining
network are co-located with the antenna element array as an
antenna assembly, and the assembly has a single RF input power
feeder for feeding the RF signal to the first splitting apparatus

from a remote source.

11. A system according to Claim 1 wherein the second splitting
apparatus incorporates first and second splitters, the first splitting
apparatus is located with the variable phase shifter remotely from
the second splitting apparatus, the second splitting apparatus, the

signal combining network and the antenna array are co-located as




12. A systemaccording to Claim1 wherein the variable
phase shifter 1is a first variable phase shifter
connected in a transmt channel, and the system

i ncludes a second vari abl e phase shifter connected in

a receive channel and further transmt and receive
channel s providing fixed phggeoshifts, and the signa
conmbi ning network is arrang to operate in both
transmt and receive nodes by produci ng antenna

el ement drive signals in response to signals in the

t r ans antanteanmaksemnbly, pndoibe assentlgihas dutsd RiEinput power
signals from signals devel oped by antenna el ements

oper af¢eders for éemling thodast andesespnd & segnalg to the antenna
i ndependent|y adjustable electrical tilt in both

t r ans abscmbly frote avemmidsoures at whigh thenfurstsplaiting t o
Claim 1l wherein the variable phase shifter is one of

a pl uepparafusandaarighle pilassshifier ager catebei ated with
respective operators, and the systemincl udes

filtering and conbining apparatus for routing signals

¢n, t 0 ACQpERM ﬁb@@l@iin% t6 G| ARP 2 WRh&RiR thE VaPfa®3€ phase shifter
shifting 1 n respectiVe variabl e phase shifters, the

conmofs @i fifgl Vﬁl@ﬁﬂeaﬂﬁ’ﬁeaﬁﬁﬁat&eb@ﬁn@(ﬁ@ﬂ 4@t #drasrhitechannel,
second splitting apparatus and the signal conbining

net workdfthe systedd igtldesiogedond Patiiblepliaeshiftier @vnnected
contai ning contributions fromboth operators with
i ndepéemderetoivediiuatnld| sndl Rethdrcahnémit and9rdkeive ohannels
system according to Claim1l3 wherein the plurality of
var i aprevidingS&xehphasy shiftsyamnidsee signebpesibinmgattwork is
of variable phase shifters associated with each
oper aamangedd to hepssas¢ ein Hasth doansmnkntadt cecdive hniedes by
both forward and reverse signal

producing antenna element drive signals in response to signals in

the transmit channels and producing receive channel signals from
signals developed by antenna elements operating in receive mode,
the system having independently adjustable electrical tilt in both

transmit and receive modes.

13. A system according to Claim 1 wherein the variable phase shifter
is 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 the
second splitting apparatus and the signal combining network for
providing signals to the antenna array containing contributions

from both operators with independently adjustable electrical tilt.



processi ng capabilities such that the systemis

operative in transmt and receive nodes with

i ndependently adjustable electrical tilt in each

node. 15. A nethod of adjusting the electrical tilt of

a phased array antenna system the systemincl uding

an array of antenna el enents tge nmet hod conpri si ng

the steps of: a) splitting P RE si gnal into first and
second RF signals, b) introducing a variable relative
phase shift between the first and second RF signals |,

d3h. di W siystgnt hecording itoeClaiph A3 avkéicin ¢he filusdlitgrof variable
second RF signals into respective conponent signals,

and dphase hfferectampzises oabrespective phirt lnd vanabhenphase
signals to provide drive signals for individual

ant enshiftare ressaciatade withi aachi gpeiratarpnandt they sgstem has
| east partly of the said vectorial conbinations and
varyi agmpoenenis doprshicks dlavel \badhr tevande andd rigyerse $ignal
function of antenna el enment position as required for .
phaseBpregasaing peapabibticangue ethatgtlee ofystéemctisi egerative in
tilt of the array being adjustable i.n_response to _,

al t er HANSMIbL 2Rd e TegaivcaHmedes| avithe ipdependently . adinstable
16. A thoci accordi gg tqg Claim15 wherein the array

has aflestacalfitiecagh magdénna el ements. 17. A met hod
according to Caim15 including the step of generating

at | east one conponent signal having a phase shift

4pp! i Admethod of adjusting the electrical tilt of a phased array antenna
system, the system including an array of antenna elements, the
method comprising the steps of:
a)  splitting an RF signal into first and second RF signals,
b) introducing a variable relative phase shift between the first
and second RF signals, |
¢)  dividing the relatively phase shifted first and second RF

signals into respective component signals, and

d)  forming vectorial combinations of the component signals to
provide drive signals for individual antenna elements, the
drive signals consisting at least partly of the said vectorial
combinations and varying in phase progressively across the
array as a function of antenna element position as required
for phased array operation and the angle of electrical tilt of
the array being adjustable in response to alteration of the

variable relative phase shift.



collectively by a plurality of variable phase
shifters. 18. A nethod according to Caim17 wherein
the variabl e phase shifters are ganged, and the
nmet hod i ncl udes produci ng antenna el enent drive
signals from conponent signals sonme of which have a
phase shift applied coIIectig&Ly by all the variable
phase shifters, and sone of ich have not. 19. A
met hod according to Claim 15 including the step of
dividing a conponent signal into further conponent
dibgnalss methodoactomglingddi Clainal 1 5 exdtereimlithe arbay dias cars odd
to provide nore antenna elenent drive signals. 20. A
met hoduatherrall anfenna @lemmentss enpl oyi ng phase shifters
and hybrids for phase shifting and form ng vectori al
conbi nations of the conponent signals. 21. A nethod

cor o Magtk t i :
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wher e
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Ci I‘CU erence nput and

51 OUb@Hbcﬁ%IySb)s %ﬁﬂh@él@@ @ﬂvbﬁébleégﬁgs?gﬂg@rgg

i nteger and IS wavel'engt h of
mat eri al of vvh| ch each ring hybrid is constructed.

A th d [ i hcl ud th t,e
5: fe@a”ﬁn TeRerdignts GRS P grBerein ﬂ%atvazﬁ s| Pphase
from not e sourcefor |It{hlr%pi \1aa iabl eda
shift F eg(ﬁoarpog@ﬁl od’includes pro cmg antenna

element drive s1gnals from component signals some of which
have a phase shift applied collectively by all the variable phase

shifters, and some of which have not.

19. A method according to Claim 15 including the step of dividing a
component signal into further component signals for forming
additional vectorial combinations to provide more antenna

element drive signals.

20. A method according to Claim 15 employing phase shifters and
hybrids for phase shifting and forming vectorial combinations of

the component signals.

21. A method according to Claim 20 wherein the hybrids are 180
degree hybrids.

22. A method according to Claim 20 wherein the hybrids are ring

hybrids with circumference (n+1/2)A and neighbouring input and



conbinations in a network co-located with the antenna
array and formng therewith an antenna assenbly. 24.
A nmet hod according to daim15 including the step of
feeding the first and second RF signals with variable
phase relative to one another froma renote source to
an antenna assenbly for spli%ting and form ng
vectorial conbinations in a network co-located with
the antenna array. 25. A nmethod according to Caim15
enploying transmt and receive channels for operation

i n booltputapentst sepadateelc by Ve/4joshere anik ahnekegbrngnd A is a
produci ng antenna el ement drive signals in response to

t r ans srdvettagthedf Riys@nalandnmtedat of whiiehaiach dhghydirid is
signals - from signal s devel oped by antenna el enents

oper atbongtriotedecei ve node with i ndependently

adj ustable electrical tilt in both transmt and

recei ve nodes. 26. A nethod according to C aim 15

25 ot piApU PR ePRAETB S in IR R st of feeding the
Secon?ﬁ %ﬁlﬁaﬁaﬁ% 9”%21@”1@ ‘inﬁh? %?%I?Qaﬁron? tah?egﬁ@té sbiirce for

one O Ity O alrs
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pair ass C|ate a respective operator

met ho@ohﬂ:ﬁhﬂﬁ@ﬁs 1ﬁ)a hetwfi 8a- I%GQT&PGH’[}P k) afitediia) érray and

and passing themto common signa appar at us

af t er fphARR: aRirbWifldah AntéMAPgRcnysly/ar i abl e phase

shifters for inplenentation of the “steps of dividing
and form ng vectorial conbinations;

24. A method according to Claim 15 including the step of feeding the
first and second RF signals with variable phase relative to one
another from a remote source to an antenna assembly for splitting
and forming vectorial corﬁbinations in a network co-located with

the antenna array.

25. A method according to Claim 15 employing transmit and receive
channels for operation in both transmit and receive modes, and
including producing antenna element drive signals in response to
transmit channel signals and producing receive channel signals
from signals developed by antenna elements operating in receive
mode with independently adjustable electrical tilt in both transmit

and receive modes.

26. A method according to Claim 15 wherein the variable phase shift

is one of a plurality of variable phase shifts, the first and second



b) providing signals to the array contai ni ng

contributions from each operator; and c) adjusting

electrical tilt associated with each operator

i ndependently. 27. A nethod according to C aim 26

wherein the plurality of variable phase shifts is

i npl emented by a respective pair of variable phase

shifters associated with eact-operator, the nethod

enpl oys conponents whi ch have both forward and

reverse signal processing capabilities, and the

met ho®H pignadeare@padighahpair) the paisiy sn@od ar phahliey of pairs

nodes with i ndependently adjustable electrical tilt

i n boblf medatéwely phase shifted RF signals, and each variable phase
shift and pair is associated with a respective operator, 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 for implementation of the
steps of dividing and forming vectorial combinations;

b)  providing signals to the array containing contributions from
each operator; and

¢) adjusting electrical tilt associated with each operator

independently.

27. A method according to Claim 26 wherein the plurality of variable
phase shifts is implemented by 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 both modes.



