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the array ragios throughout the cell coverage area to communicate with sach other as welt as with
the public telephone network outside the cellular mobile radio network. '

20  Celiular mobile radio networks which use phased array antennas are known: such an
antenna comprises an array (usually eight or more) individual antenna elements such as
dipoles or patches. The antenna has a radiation pattern incotporating a main lobe and
sidelobes. The centre of the main lobe is the antenna’s direction of maximum sénsitivity in
reception mode and the direction of its main output radiation beam in transmission mode,

25  ltis a well-known property of a phased array antenna that if signals received by antenna
elements are delayed by a delay which varies with element distance from an edge of the
array, then the antenna main radialion beam Is steered towards the direction of
increaéing delay. The angle between main radiation beam centres corresponding to zeto
and non-zero variation in delay, i.e. the angle of 1ilt, depends on the rate of change of

30 delay wifch distance across the array.
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paitern (VRP) has a number of significant requirements:
* L]

1. high boresight gain;
20 2. a first upper side lobe level ‘sufficiently fow to avoid interference to mobiles
using a base station in a different cell ; ‘
3. a first lower side lobe level sufficiently high to allow communications in the
immediate vicinity of the antenna;
4.  side lobe levels that remain within predetermined limits when the antenna is
25 electrically tilted.

The requirements are mutually conflicting, for example, increasing the boresight gain-may
increase the level of the side lobes. Also, the direction and level of the side lobes may
ghange when the antenna is electrically filted.

A first upper side lobe maXImum level, relative to the boresight ievel, of 18dB has been
30 found to provide a convenient compromise in overall system performance.
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angl e of nechanical tilt or the angle of electrical tilt is to
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I ncreased over the 30 tilt range. The angle of electrical tilt can be
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the phase s
) 032381 - X, Ch 20, Figure 20-2 discloses a known method for locally or remotely

adjusting a phased array antenna’s angle of electrical tilt. In this method a radio
frequency (RF) transrnitter carrler signal is fed to the antenna and distributed to the
antenng’s radiating elements. Each antenna element has a respective phase shifter

25  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 ilt. The distribution of power to
antenna eleiments when the anienna is not tilied is proportioned 50 &s 1o set the side lobe
level and boresight gain. Optimum control of the angle of il is obtained when the phase
front is controlled for all angles of tilt so that the side lobe level is not increased over the

30 it range. The angle of electrical tilt can be adjusted remotely, If required, by‘ using a
servo-mechanism to conirol the phase shifters.

This ptior art method antenna has a number of disadvantages. A phase shifter Is required
for every antenna element. The cost of the antenna is high due to the number of phase



This prior art nethod antenna has a nunber of disadvantages. A phase
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5 npedance is rel ﬁted I Ml?
'b)( a hi ghlrﬁsQ,eSWﬁ ldélé{?qug%fcgdﬁqhyz léaé|an‘tenna elements. Here again eectnca it is
adjusted by varying the phase shift between the two signals.

There is howsver a problem concemed with spiitting RF signals, in that splitter ratios éan
25  be too high to be implemented in a single splitting operation: it may require two or more
cascaded operations which increases circuit size, cost and complexity. The reason for
this lies in the fact that splitters are implemented by dividing a microstrip track on a circuit
board into narrowet strips with different impedance compared 1o the track before division.
Microstrip impedance is related to track width by a highly complicated and empirical
30  expression, but for a fypical board substrate thickness a 50 Ohm track would be 2.8rm
wide. The track narrows as the impedance is increased until it is too narrow for a reliable
bond to the substrate Failure to produce a reliable bond oceurs at track widths below
about 0.2mm: this width gives an impedance of about 150 Ohms, representing a splitier
ratio 61‘ 9.5dB, which it is therefore desirable not to exceed for a single splitter.



30 expression, but for a typical board substrate thickness a 50 Ohm
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phase con
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transformed components having powers which vary as the relaiive delay varies, and

g means for convering the S{gnal co gnponents into

© 20 d) power to phase converting means for converting the transformed components into
} - antenna element drive signals having phases which vary from antenna element to
antenna slement progressively across the antenna when the antenna is electrically
tilted and which individually vary as the relative delay varles.

The invention provides the advantage that it allows electrical filt io be controlled with a

25  single variable relative deiay; although a plurality of delays may be used If required fo
increase obtainable range of electrical filt, and it requires relatively few splitting
operations. '

The phase to power oon\}erting means may be a plurality of hybrid radio frequency
coupling devices ("hybrids") arranged to provide sums and differenoés of pairs of signal

30 components, each pair having signal components from both basis signais. It.may be a
~ plurality of 180 degree hybrids arranged to provide sums and differences of pairs of



operations. The phase to power converting nmeans nmay be a plurality of
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20 4 converting_ the transformed components into antenna element drive signals having
phases which vary from antenna element to antenna elemnent prograssively
across the antenna when the antenna is e!ectncally tilted and which individually
vary as the relative delay vanes

The method aspect of the invention may incorporate preferred features équivaient mutatis
25  mutandisto those of the antenna system aspect.

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

Figure1 shows a phased array antenna's vertical radiation pattern (VRP) with zero
30 and non-zero angles of elactrical tiff;



be described, by way of exanple only, with reference to the acconpanying
drawings, in which: Figure | shows a phased array antenna's vertica
radi ati oWWOUOYBHL(VRP) with zero 30 and non-zero angces:mbosobsss ri cal
tilt; WD 2005/048401 PCT/ GB2004/004586 7 Figure 2 illustrates a prior
art phased array antenna having an adjustable angle of electrical tilt;
Figure 3 is a bl ock diagram of a phased array antenna system of the
invention using a single tinme delay; 5 Figure 4 is a block diagramof a
phased ar Figyreant eillixara8ess hepicplart hieased @ity Aftertdl Rblind ¥R ddjubfehas of
Figure 5 shows aFgo§ﬁr q%§tr|but|on network for use in the system of
Figure 3 or 4; 8 e "8a and 6b show a power distribution network for
use in a g of the inventiagn .having a twelve-gle t .antenna; 10
Froure 7 PO ECnbadie QRGRLArat dtahaliPiie fisf o e ‘RGUG o e
devi ce used in thsnglEitinerdsidy; and 6 networks; Figures Be and 8b are
vector diagranms illustrating phases of antenna elenent drive signals
produced bigurerk Fisgublecis disgtanooka pRagpal arrdy arttiews: sysk80 otithgriveentigrbrding 182
receiving A and By i\t §e9fs.t Wo equal 15 anplitude vol tages Va and Vb
whi ch have .a rel ative phase’shift of 0 between them Figure 10 is a

tor di f Rt FAvstttior AR sy i h
7ol ati ve aan udL ol ol AIeRten P o e R S S o Ve

rel ati ve nagni tudes of A+B an

phase di f FigiieBc 4id 15 iR HpbREr Eﬁiétﬁﬂmﬂo?aii{émcﬁg K228e irPa Qydtem ™o 88 inviition
degrees; and Figure 12 shows A+B and A-B phase variation as 0 is

aﬁj usted from - 1802\NgR berlve-gegentantan)gh degrees. Referring to Figure 1,
there,are_sho vertical radiatio tterns (VRP). 10a and, 10b of  an
bntenih S5R0R £n Be s EmalE tedian) D GRafsn e R eCRD G eReRESn ot
shewn). The 25 aRigerhad®6instwatianar, has a centre 14 and extends

perpendi cular to the plane of the drawing. The VRPs 10a and 10b
cor r espontigurespéz tandebly ate veeoo degonreoiugieatiog \phesed 0bmntenna dédnagnt alrive

phase of antenna &bﬁé]?BFodﬁi:&fﬁ\}ﬁevf‘-‘igtul?e@%ﬁ%}l{?l enment di stance across the

Figure @ shows a 180 degree hybrid 182 receiving A and B inputs of two equai
15 amplitude voltages Va and Vb which have a relative phase shift of  between
them;

Figure 10 is a vector diagram of vectors +A, +B, -B, A+B and A-B;

Figure 11 shows how relative magnitudes of A+B and A-B (chain line) vary as their
relative phase difference ¢ is adjusted from -180 degrees to 0 fo +180
20 degrees; and

(.

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

Refarring 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
- 25 . antenna 12 is planar, has a centre 14 and extends perpendicular to the plane of the
' drawing. The VRPs 10a and 10b cotrespond respectively to zero and non-zeto varlation
in delay or phase of antenna element signals with array element distance across the
antenna 12 from an array edge. They have respeciive main [obes 16a, 16b with centre
lines or "boresights" 18a, 18b, first upper sidelobes 20a, 20b and first lower sidelobes
. 80 22a, 22b; 18¢ indicates the boresight direction for zero variation in delay for comparison
with the non-zero equivalent 18h. When referred to without the suffix a or b, e.g. sidelobe



antenna 12 froman array edge. They have respective main | obes 16a, 16b
with centre lines or "boresights" 18a, 18b, first upper sidel obes 20a,
20b and fYVOOYHHEE si del obes 30 22a, 22b; 1 8c i ndi caPEEGBIB4/EsESi ght
direction for zero variation in delay for conmparison wth the non-zero
equi val ent 18b. When referred to wthout the suffix a orb, e.g. sidelobe
WO 2005/ 048401 PCT/ GB2004/ 004586 8 20,8either of the relevant pair of

el enents is being referred to without distinction, The VRP 10b is
tilted (dednedredsf & rdibust pakef slantdng isveeing refdidl Rawittiout distih@ibe. iThean

le - th I ilt - t i | i 1 .Bb 1B
ahich has Realeh St olmamaS o TR 'PATE I Vih - 4o Dyre/SAn B8Rt -
di st ance & asge phit abebyeea hain eafhesnBlinbad 8b and aiSt sdhjchahasuarbegnitibe

leria ‘ . L the fi “ I 50

choul d be 2Rerefilerae Pl ] ey by i Usnet BB e Fefusnd B "o 1 e
using another cell; c) the first tower side | obe 22 should be at a
I I f fingi ' i . . i N Co 12"
| mredl St el e iR of Bicl® R TR R gaP /e SR AR ReR
shoul d r erI%IIer?%Itqﬁ'I%b%@éaéﬁw W eBoUEESTP iold; gRUBIgViRteriereRee tromabkites welgi s

el ectri calahyhbi IcbRde) HHESArst Q8WST 8RBNIcBe 28E dRSLKAILLY af AN fidviet td figient &1
exanple, maxim siﬁ‘géborem ght ?_qal n may increase the side | obes 20

h 22.
Rel ative CEMAUHER Aibe pesalie i8R gGNIFNGe 1ﬁ’ﬁiiﬁ‘”l%‘%'i@?‘,”“ﬁﬁ”idr@tth%%tﬂ@r
si de | obe afgiradtion bEw@] sigd iobd$ dfoutPerReRithih PHutdtdrRinRUQEEER liRits ARsMeMsent

conpr se jn overall. syst. rformance. Boresight gain .decreases.in
orononBi oRneing i cEeuicAl Hfed Hiesh sraiamep| Aroduduely sullstis oRt Prriaie
ant enna’ IS niﬂirﬁéiﬁggbbie\segm%am mﬂg.indﬁaslbhﬁé fsrde_dusfés mszﬁi nRQQﬁ\%Sﬂo%b?rfgagm f
nmay resu i n how t he e of ,tilt is. change ect o
e ust ng 2E R (anah a1 85a ol dpferiind b gissurfit B -9 b o
tilt is tdoundéperivide@ncomenizoi esngrhinisedn bhartll Bysigoipatisrmeinchdboradight gaiar
bel ow t he L . i . . e
ot onna. - EoteRgath BlortrPie AR os e B Ge BALUY e OUEREREG ARREBimk®
stati df prededivalapgritias Frthen reBluadions innbatesishi gatrainay result siaperslinacen hoyaihe
tilt si nc%n%@%@ﬁng%ﬁaﬁgg&fferent effect on ground coverage and al so on
t he

ot her antennas In inmmedi ate vicinity, It is also convenient if an
antenna's electrical tilt can be adjusted renotely fromthe antenna.

Furt her nor®e difbetaof aaju@‘ci@?gemmremmglé ofadtRficBPiiveehe angid b electrid! tilt is to
a

t , it ] f ide a diff t f electrical
oPeT o bt L LS S R B LB Sl 850015

per f or mancenbaadjie iy boveragd arcRef Bel drighnapWor enakingm eesdbili opnseyrh calidlar
T o i R Y v BB s i 5, 8ol oops
for a radieach has a different sffect on ground coverage and also on other antennas in the
o immediate vicinity. It is also convenlent if an antenna’s electrical tilt can be adjusted
remotely from the antenna. Furthermore, if a single antenna is shared between a number
of operators, it Is preferable to provide a different angle of electrical ilt for each operator,

25  although this compromises anienna performance in the prior art. '

Referring now to Figure 2, a prior art phased array antenna system 30 is shown in which
the angle of electrical tilt is adjustable. The system 30 incorporates an input 32 for a radio
frequency (RF) transmitter carrier signal, the input being connected to a power
distribution netwcﬁrk 34. The network 34 is connected via phase shifters Phi.EO, Phl.E1L
30  to PhiE[n]L and Phi.E1U to Phi.E[nJU to respective radiating antenna elermnents EO, E1L
to E[njL and E1U 1o E[n)U of the phased array antenna system 30: here suffix U indicates
upper and suffix L indicates lower, n is an arbiirary positive Integer which defines phased



frequency (RF) transmtter carrier signal, the input being connected to
a power _distribution network 34. The network 34 is connected via phase
shi ft er s WSh#20E#M84Ehi  E1L 30 to Phi.E[n]L and Phl.ElU PETRE20EDMEES t O
respective radi ating antenna elenments EO, El L to E[n]L and El Uto
E[n]U of the phased array antenna syst%m 30: here suffix U indicates
upper and suffix L indicates lower, n i"s an arbitrary positive integer
whi ch defines phased WD 2005/ 048401 PCT/ GB2004/ 004586 9 array size, and
dott ed | iarey slaeg hndslo86d iimel mahias@6tihdicatiah hardevehecemenivayy bereplicated
replicate desired array size. The
phased aréjrayr%gn enna%glr&?forgggd%sg%fjgtwagg@é follows. An RF transmtter
carrier signal is fed to the power distribution network 34 via the

i nput 32: I (0] /¥y
qual ly) 'Bie{‘ﬁ%&ebﬁbvﬁmfy %g:[seghy é}?[% ter 20 tdﬁbl%tEegsl QQP#”O&’%L% ﬁgﬁ@%ﬁhﬁ;gﬂ\lgr
vides

Phi . E1” U $ignapis fetftn}n@ Powe! distiindisa n§'!’1‘l°f|1 34 Waithe inpghatthe actwork

signals apg SIE@eaS(nbmf@oeghaW eqm?ﬁ%e%bﬁ ttﬁetﬂwaéésé?ﬁ’ﬂé‘& Gk, Eﬂt @HP@IL to
el enents EQ, n] U respectivel y. The phase

shifts ar@Elgsand P& E&Uée Phhﬁ”% M"é?ﬁrﬂ[héﬁ%smﬁ gledr f6$PGCBY%€1F‘Fi%§!9“%*$ pid
The di st rpdagthapm o@%tmse@ﬁmwaséohﬁte@%ma HrREMOED, ER f%tE[n]LV\EﬁD id he

10 angl e it |$ erg is ch set the side |obe |evel and

bor esi ght%ﬁi r‘ie%DﬁB‘? Y-i ap@ Rpase @Eﬁsnﬁrﬁ] %ﬁ?'ﬂ daP qe‘# ha" ZRgoRrige 3”9'3 of
el ect ri cadledtridd tik.S Tobt AR dione @omebd?\h@@rethfermnna@@ﬁmg Ee ei@whay teé
“elements EO et 1s controlle that the s

|
Phber Ty frasbt s 2Rt M isaR o itd sun My 160 Rn ooy g ol apalobraEh” ©
angl e of @ptgsymicomitoltdfitite amgie beelaclics titts ottained ehyn tHef piesq trontetyodsythe

120, ST PP B Ty R A e iy ™
act uat ed, lncrﬁh%ect)siasiéidaratryr ayer dhe difinrangsy: strenaikde fdise! a:tnmathﬁié rcanfbe adjusted
di sadvant %%?elfsﬁ rfeeglu r?éﬁvsbsy @%n@nféaég\gagﬂg&a)ﬁwfsﬁ{ td éor{tr%ﬂ‘r”e @% F%hlﬁ%ﬁsclbhlk%o t he

antenna el enen
cost o tHe. E{iht’f@Hh'aE gL angyRhideid) tod hi. E&]uwm@"r m@v bpﬁmaalmlwa@wgted
required; 20 c) cost reduction by applying phase shifters to respective
groups of el é’ instead of to individual antepna el emsghs i ncreases
the side F¥HRIASEYEITaY@NGNBR RYFIFEA0 NES GG BF dipifyeriaghs ff @IV o set

del ays correcd)l a/phaﬁséjhfﬁlftdarcM'réqiﬁm foneghadhiama dibmbs, andegeaivanageousssd
which result in a no m del ay scheme; e) the upper side |obe

| evel incread¥s HHER° tegg'”%rﬁu’enna is tilted downwards 25 causing a

pot ent| al sour)cilee odsstidhtrer dresrerade high doo o ﬂhemuu@engf mmbeshlﬁaseemmdl ons;
Dt e;n ANt €Nghol §oBAIR oy oSl R RRFASS  Sspeihle THiths UiCalMEmsame
> instead of to individual antenna elements increases the side lobe level;

d) mechanical coupling of phase shifters to set delays correctly is difiicuit and
mechanical links and gears are used which result in a non-optimum delay scheme;
e) the upper side lobe level increases when the antenna is tilted downwards
25 causing & potential source of interference to mobiles using other base stations;

' f) if an antenna is shared by different operators, all must use the same angle of
electrical tiit; and |
g) in a system with up-link and down-link at different frequencies (frequency division
duplex systém)_, the angle of electrical tilt in transmit is different from that in receive.

30  Referting no\:\—:r to Figure 8, a phased array antenna system 40 of the invention is shown

| which has an adjustable angle of electrical tilt. The system 40 has an input 42 for an RF
transmitter carrier signal: the Enbut 42 is connecied to a power splitter 44 providing two
output signals V1a, V1b which are input signals to a variable phase shifter 46 and a fixed



electrical tilt; and g) in a systemwth up-link and down-link at

di fferent frequenC| es (frequency division duplex system, the angle of
el ectricOtOPP4H transnit is different fromthat inPCEEH2E004580
Referring now to Figure 3, a phased array antenna system 40 of the
invention is shown which has an adjustable angle of electrical tilt. The
system 40 has an input 42 for an RF transmttér carrier signal: the
input 42 is connected to a power splitter 44 providing two output

si gnal s \Ahage vhifienhd cosprctivalndie phasm ahifiersoléaanda4s alaly ealquhizes eorshiefeders 46

and a f| 0 0 h

respecti vgﬁeyg%%g %"é%%s%“ff g géé fg(HOer %8‘9%&% g{(;gb co}ﬁéscfug 8The§’
time del @‘@Vld%@spﬁ@w@ @fpyttsignals \faarmdd\éﬁllia’@ aap@ﬂl@cﬂﬁtvlaﬁ!enmemorlas%lwi'gﬂ‘e
frequencm,ligggyscng@gyﬁ %rigége@ﬁnve out put signals V2a and V2b to a

power distribution networ ch wll be described in nore detail

| ater. 5 The network 50 provides four drive signals which pass via fixed
phase shi Ete s 58U1 5812, 58L1 and 58L2 to four equispaced antenna

el enent ewgilsp0 PapMidesaiedr gy sigpals whighpesss Yia & ‘XP%\BB?‘%e priégse o Vel y

of a phaM;zassLatya@@Eemaa 0k ectitaséed eﬂemé&eﬂﬂaﬁm@omee@w@ sondbsasEe by
a dotted e ant enna 6&3(% oul.d ve an of el enents
t

T SO
| ong as |p 'hﬁ%neé't QWP RRPes esphafg PHaY Bﬁfﬁ%ﬂ arTfaﬁ%}“é 88t em
40 oper at@strafdicatéding a détteding 68 M3l dnteiha GBrdoulerhavs isgpalmber df etbnisingl e

feeder) V, t.o t wer splitter 44 where it is divideéd
\p Si gér?g?']isg]% ilztap'g%%t %T%ﬁg? Eefﬂﬁgl? power. The signals Vla and V1b are
fed to the variable  and fixed phase shifters 46 and 48 respectively
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sel ect abl e phase s ?ree ase s
appl i ed h¥enal 8ded (onge ferﬁéieaw@ féedﬁpu ﬁ%tqthf'-@aweet sAliiteiot4 wh@eﬁhm@@aewmy

antenna_ GghaisTea Ghe) bpévaéeﬁ;asmv&érewn%%wm o4 biid $aBVRB &N theltai@le

essenti al lies a fixed phase shift which_for convenience s
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- 20 V2b as has been said after output from the phase shifters 46 and 48.
/ .

From its input signals V2a and V2bh, the network 50 forms a variety of vectorial
combinations of signals to provide a respective drive signal for each antenna element |

80U1 etc. The drive signals vary in phase linearly (or perhaps with a contoured phase

_ taper} as a function of antenna element distance across the antenna 60 from an antenna

25 - element 60U2 or 60L2 at one edge, as required to produce a parallel beam from the

antenna 60 inclined at an angle to the array boresight. As is well known in the art of

phased arrays, the angle depends on the rate of change of phase with distance across

the antenna 60. It can be shown (as described later) that the angle of electrical filt of the

array 60 is variable simply by using one variable phass shifter, the variable phase shiiter

30  46. This compares with the Figure 2 prior art requirement to have muitiple variable phase

- shifters, a respective phase shifter for sach antenna element. When the phase difference



25 el ement 60U2 or 60L2 at one edge, as required to produce a parallel
beam fr tZEq?i"g\ﬁﬁn* enna 60 inclined at an angle to the ar r% bor esi ght .
As is we n the art of phased arrays, the arf§i 4SO on t he
rate of change of phase with distance across the antenna 60. It can be
shown (as described later) that the anﬁjee of electrical tilt of the
array 60 is variable sinply by using o vari abl e phase shifter, the
variabl'e phase shifter 30 46. This conpares with the Figure 2 prior art
requi r enelfitroduse Qy thenigrialp sl rhagarshifibt 46 [sheosiive $id ¢leatrisgl tik lsrlesqnedtrectlen

phase shi fdepndnQhat e r
D005/ 04840y e heiThe 4/%@%@%3 ‘E’i'lléqgna}%r%ﬁuce 'Céy t'Re var"gg‘%ﬁr'tgdﬁ A0
shifter 46 is positive the electrical tilt is in one dlrectlon and
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opposite direct phase shifters 58Ul etc. | npose fixed
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nunber of users, each user may have a respective phased array antenna

syst em 40j ifrd gfe@ﬁurﬂl?érlbf tiderd, toab® UEQQHW Revd Q%sptebﬁleuﬁ%rséd %FFE’y Qb(teﬁna

commobn ant enna en each user ha respectlve set of el enent
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antent® sytdnediond) Paght AbSlidalies Nol WD U082 ddsBBbebadual 8 rfwdkase
shifts. The system 70 has an RF carrier signal input 72 connected to a

first power splitter 74, which provides two output signals V1 a, V1b
f or i nput Referriagfiowse Fgare dbthis griawig shbws aanrtfTs phadedafray sitefiiasydtephéds e

shifter 7§20 m%@r?‘ri%ﬁ‘h%fn %Q}S tmﬂ{@@éﬁa& k%@e ﬁtgefﬁ‘\b\é S18H ﬁassérgﬁlal ?L‘I‘Igga

and V2b to a secon ase econ povver spli
82. The f§igeal input72 echngotad we@l ﬂpﬂh@gweesﬁlmtta@% whigh afwldesmmmwpb’es'gnals '

GruTage RS kP AR S o 2L b
ﬁeco P varesagatigely. They provide respective output sighals V2a and V2b to a second fixed
phase shifter 80 and a second power splitter 82, The first and second fixed phase shifters

78 and, 80 may be combined into a single unit if required, The second power splitter 82

divides signal V2b into two signals V3b1 and V3b2, which pass to a second variable

phase shifter 84 and a third fixed phase shifter 88. The signals V3b1 and V3b2 then pass

25  to first and second power distribution networks 88 and 90 respectively, which will be
described in more detail later. Signal V2a passes via the second fixed phase shifter 82 to

a third power splitter 92 for division into two signals V3at and V3a2 fed to the first and

second power distribution networks 88 and 90 respectively.

The networks 88 and 90 collectively provide eight drive signals which pass via fixed
30 phase shifters 94U1 to 9414 to eight equispaced antenna elements 96U1 to 96L4

respectively of a phased array antenna 96. Network 90 drives the innermost four

antenna elsments 96U1, 96U2, 96L.1 and 96L2 and netWork 88 drives the remainder.



phase shifter 84 and a third fixed phase shifter 86. The signals V3bl
and V3b2 t hen pass 25 to first and second power distribution networks 88
and 90 r¥QpREOH8ly, which will be described in nmor er@RGBI4 MG e .

Si gnal' V2a passes via the second fixed phase shifter 82 to ~a third
power splitter 92 for division into two signals V3al and V3a2 fed to the
first and second power distribution Aét wor ks 88 and 90 respectively.
The networks 88 and 90 collectively provide, eight drive signals which
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ehectrical tilt of, the phased array antenna 96, the second variable

phase shithkepowd di Wrm:\an@h MMEtdRs &8s Tan@fgd hégsiveOo Hpue! signbie VBaneBbt and

“di stribu t wor ks, .8 90 receive. in ignal s V3al/V3bl and 10
Ve nBos VeBBAER FRBEG e G fiay TR Mol BITaInS b Mt SHESo prEGE
si gnal s taoreppantiiel erive srgaapm haie adtéhfieﬁel@h@ﬁﬁbalﬂﬁéto?a'ﬁh RNt elydaiselagmant

96Ul et The. d | f f
ant enﬁacéjpa?émegwg? %r@%&'z%rx %ép'ﬁaeelgﬁ‘ﬁaﬁcﬁﬂal % o) %/-.'c’ tﬁégﬁtegﬁg?&n%a% Fabl e
phase shiof twes vaiddlaptasd shifttmwes and r&a&lamraﬂgm’t@‘f repha e pﬁh$ef shift do e

appli ed [ e e fter
(58 i n Foe el g 18 v bERARe BB 1\l BT bR BB et P e P S
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is shown mhlch is generally of the kind used at 50, 88 and 90 in
Figures 3 and 4, albeit it is shown with nore antenna elenments than are
associ at GG NeY R Figusn Bsa Rewer FiswhUticar ngtaprk tHRdS sBewiMeich 09 opraiallyt wo

inputs 1Q2meatil ds@atht%@nagah@dowﬁweﬁts éhﬂdl a@eRRds tsmvﬂewmmo@ménna
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o vector A with amplitude Va into three signals a1.A, a2.A and a3.A, where al, a2 and a3

are scalar amplitude splitting ratios. The signals at.A, a2.A and a3.A are fed to first
inputs 1 of first, second and third 180 hybrid RF signal coupling devices (hybrids) 110,
112 and 114 respectively. The second three-way power splitter 106b divides an input

25  signal or vector B with amplitude Vb into three signals b1.B, b2.B and b3.B, where b1, b2
and b3 are scalar amplitude splitting ratios of the second splitter 106b. The three signals
b1.B, b2.B and b3.B are fed .to second inputs 2 of the hybrids 110, 112 and 114
respeciively. The amplitudes of vectors A and B aré equal, thatis Va = Vb. The hybrids
110 to 114 are also known as sum and difference hybrids.

30 Each of the hybrids 110, 112 and 114 has sum and diiference outputs S1/D1, 82/D2 and
83/D3 respectively at which are the vector sum A+B and difference A-B of its input
signals A and B. As will be described later in more detall, it Is a propetty of such hybrids
that their sum and difference outputs have a fixed 'phase difference of 90 degrees



inputs 1 of first, second and third 180 hybrid RF signal coupling

devi ces §V ybrids) 110, 112 and 114 respectively. The second three-way
pover spVAXY498b di vi des an i nput 25 signal or vecPGF/GB0A#BI4586
anplitude Vb into three signals bl.B, b2.B and b3.B, where bl, b2 and
b3 are scalar anplitude splitting rati 9@ of the second splitter 106b.
The three signals bi.B, b2.B and b3.B™are fed to second inputs 2 of the
hybrids 110, 112 and 114 respectively. The anplitudes of vectors A and
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si xth 180 O respectively

differ enc@P%’:ﬁ@iapg ang B of iibe el fith @ fopith byhild@@ 2gf 1 t&@%y@rrewc’m@@ 112
and 114 are fed to correspondl ngly referenced inputs D1., D2 and D3 of
the sixth,_ fift ur.t th’IdS 120, 118 gnd 116 respecti vel
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ATE and oL BF SISF ool el ek B S MR 3, APRER BRSBTS b
122U32Q o ﬂ)%inmatsua weiftemtie2hd ol @rbatis rdpdtil/ctamtdrivédBerhants 124U1 to 124U3 in
) an upper half .of a six e]ement phased array antenna 124. Similarly, the A-B difference
sighals are fed via flxed phase shifters 12211 to 122L3 to respective antenna elements
124L1 to 124L3 in a lower half of the antenna 124. Strictly speaking, the phass shifters
122U1 to 12213 and antenna array 124 are not part of the network 100 becauss Figures
25 8 and 4 which incorporate the network already show equivalents of these. The fourih,
fifth and sixth hybrids 116 to 120 convert power differences between their inputs into
phase differences at their outputs, so they act as power-to-phase converters.

Further flexibility exists in setting the required phase and amplitude to each antenna

element 12411 etc. if further splitters are inserted between the outputs of first, second

30  and third hybrids 110 to 114 and the inputs of fourth, fifth and sixth hybrids 116 to 120. In

| order to avoid the need to dissipate power other than in the antenna elements, whenever

an output of first, second or third hybrid 110, 112 or 114 Is split, then further hybrlds and
antsnna elemenis are added so as to use all RF power as eﬁ‘iciently as possible.



an upper half of a six elenent phased array antenna 124. Simlarly, the
A-B difference signals are fed via fixed phase shifters 122L1 to 122L3
to respetPiB4H0tnna el enents 124L1 to 124L3 in a |RREBWA/G04HE t he
antenna 124. Strictly speaking, the phase shifters 122Ul to 122L3 and
antenna array 124 are not part of the gﬁtmork 100 because Figures 25 3
and 4 which incorporate the network aﬂready show equi val ents of these.
The fourth, fifth and sixth hybrids 116 to 120 convert power

di fferences between their inputs into phase differences at their
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fromthe iH\ﬁﬁwFﬁbfr%auéH&?%éﬁHr%e)"Bi ghted hybrid: a) further flexibility is
added to the design 1nh optimsing antenna el enent phase and 15 anplitude

distributions; b) signal splitting may be distributed between two or
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litter and rovi n% fre uenc%gres ons
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100 are: 20 ajhichreplitsoite oy thide sighamper ation is required at splitters
106a and 1Oﬁb’b) %l?ﬁshlm?){emented with a.single variable ;:-)hase shifter or time delay device 46;.
‘) c) the signals at the network inputs 102a and 102b and componentg into which
they become converted pass through exactly the same number and types of
25 components along paths to antenna e]emenfs 124U1 etc., i.e. one splifter and two
' hybrids (as has been said strictly speaking the phase shifters 122U1 ete. are not
part of the network 100). These paths should therefore have substantially the
same electrical length ignoring variation due non-zero manufacturing tolerances.
Hence, phase and amplitude errors in the network due to different types of
30 components in different paths are avolded and'good beam shape is retainable
over the tilt range. Furthermore, the beam shape is retained over a wider range of
frequencles since the phase and amplitude errors of each path to an element
vary equally and reduce the error between adjacent antenna elements; '
¢) the antenna can be implemented withcut the need to dissipate RF power in any
35 " component other than antenna elements, ignoring departure of components from
ideal properties;



which splits into only three signals; b) tilt is inplenmented with a

singl e hase shifter or tine delay device 46; c) the signals
at the \ég{)\%@%?“q“ﬁ]puts 102a and 102b and conponents HitQﬁF/WﬂOmMﬂshey

becone converted pass through exactly the sanme nunber and types of 25
conponents al ong paths to antenna el elrlrgnts 124Ul etc., i.e. one splitter
and two hybrids (as has been said strfctly speaking the phase shifters
122Ul etc. are not part of the network 100). These paths shoul d
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148U1 t odé@be0f the antenna 148. Parts equivalent to those

As before, two Input signal vecters A and B, having respective amplitudes Va and Vb, at
_ inpufs 102a and 102b are split into signal fractions a1.A, aé.A, a3.A and b1.B, b2.B, b3.B
: ) 20 by splitiers 106a4and 106b and fed to first and second Inputs 1 and 2 of first, second and
' third hybrids 110 to 114: i.e. signals a[n].A and b[n].B are input to nth hybrid 110 + 2n,
n=0,1and2. The splitting ratios are set so that a1 = b1, a2 =b2 and a3 = b3 in order to
implement phase to power converslon In the hybrids 110 to 114,

Referring now also to Figure 7, this drawing schematically shows a 180 degree hybri'd
25  coupler 132 with inputs A and B and outputs A+B and A-B, Curves 134 indicate paths
from input to output, and associated markings -180 and -360 indicate phase shift or
equivalently delay experienced by signals passing along such paihs. As shown, paths'
134 from A input 1 and B ihpu’c 2 to A+B Sum output and from A to A-B Diff. output are all
associated with -180 degree phase shifts, whereas path 135 from B input 2 io A-B Diff.
30  output is associated with a -360 degree phase shift. A 180 degree phase shift inverts a
sinusoidal signal or multiplies it by -1, whereas -360 ‘degree phase shift leaves it
unchanged. Hence both sighal A and signal B are inverted on passing to the Sum output



descri bed earlier are |like-referenced and the description wll
concentrate on aspects of difference. As before, two input signal
vectors A and B, having respective anplitudes Va and Vb, at inputs 102a
and 102b are split into signal fractions al.A a2.A a3.A and bl.B,

b2.B, b3.B 20 by splitters 106a and 106b and fed to first and second
inputs 1 and 2 of first, second and thiiéd hybrids 110 to 114: i.e.
signals a[n].A and b[n].B are input to nth hybrid 110 + 2n, n
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and 142h 15 respectively splitters 142c to split their |nput
signals i nelepsiajaaps frpéﬁt‘ S@ﬁgnctﬂry:lélzrd hybrids 110 to 114, Table 1 below shows which

inpuis of the fourth to ninth hybrids 144, to 1444 receive which signal frac’ﬂons here the

+/- signs indicate vector addition/subtraction, respectively.

Table 1

Hybrid_ nput Fraction Hybfid [nput | - Fraction
144, 1 cl.{al.A+Dbi.B) 144, i e2.(a2.A + b2.B)
144, 2t di.(al.A-b1.B) | 144, 2 f2.(a2.A - b2.B)
1445 1 1 o2{al.A+bi.B) 1444 1 g1.(ad.A + b3.B)
1445 | 2 | {d2(al :/_;-—m B) 144y | 2 hi.(a3.A-b3.B) .
1444 1 ] elf{a2.A+b2.B). 144, 1 g2.(a3.A + b3.B)
1d4q 2 f1.(a2.A - b2.B) 1444 2 - h2.(a3.A- b3.B)




dl/d2, el/e2, flI/f2, gl/g2 and hl/h2 respectively: these fractions are
al so used as reference indicia for respective splitter outputs, and are
for input to respective correspondingly referenced inputs ci to h2 of
fourth to ninth hybrids 1444 to 1449. The fourth to ninth hybrids 1444
to 1449 hybrids have A and B inputs 1 and 2 and A+B and A- k 20 B sum
and difference outputs Sumand Diff., diAd have the sane construction and
node of operation as the first, second and third hybrids 110 to 114.
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but dissipation of power in non-ideal components. Excluding such losses, the power
distribution network 140 does not generate a signal which cannot contribute usetully to

20  antenna drive signals, so it is not necessary to dispose of some input power inefficiently.
¢ T

The fourth hybrid 144, drives an outermost pair of anfenna slements 148U6 and 148L6.
The fifth to ninth hybrids 1444 to 1444 drive pairs of antenna elements 148U5/148L5,
148U4/148L4, 148U3/148L3, 148U2/148L5 and 148U1/148L1 respectively which are

progressively nearer to an antenna centre 150 on which each pair is centred.

25  Table 2 below shows outpﬂt signals from the hybrids 1444 to 144;. The splitter fractions
¢l etc. are necessarily scalar quantities, but terms in parenthesis in Table 2 colurmn 4,

e.g. (al.A+b1.B) and (al.A - b1.B), jare vector additions and subtractions, The phase

difference is imposed between Va and Vb as described earlier with reference to Figure 3

or 4, and vectors are Indicated by characters in bold type. Moreovet, as praviously

30  described, resultants of vector additions (al.A + b1.B), ete, between signals of equal

magnitude are all in phass with one anather, and differ in phase by 90 degrees to alt

~ vector subtractions \@Eﬂ.A - bi1.B)Y etc. The vecior subtractions are therefore all

automatically in quadra’cufé-with the vector additions.
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The expressions in the fourth column of Table 2 are of the form P + 0, where Q is a

vector in quadrature with & vector P. All P vectors are in phase with one another and all @

vectors are in phase with one another. They can thersfore be written as P -+ /0, where P

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

P=clial.A+bl.B)and 0 =di(al.A-b1.B)

(1)

Writing P, and @, for the in-phase and quadrature components of the voltage supplied to

the nth upper and lower antenna elements 148Un and 148Ln (n = 1 to 6}, the phase ¢,

of this voitage

b =

is given by:

Qh‘.

L'm
R
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148L5 1445 Diff. c2.( al.A+ bl.5) - d2.(al.A - bl.B)' 148L6 1444 Diff.
cl.(al. A+ bl1.B) - di.(ai.A - bl.B) ar The expressions in the fourth
colum of Table 2 are of the formP + Q where Qis a vector in
gquadrature with a vector P. All P vectors are in phase with one anot her
and all Q 5 vectors are in phase with one another. They can therefore
be witten as P +jQ where P and Q are scal ar magnitudes of P and Q
E.g. for antenna elenment 148U6: P = c® (al. A + bl.B) and Q = dl1.(al. A - .
bl1.B) (1) Witing P'" and Q' for the in-phase and quadrature conponents
of the voltage supplied to the nth upper and | ower antenna el enments
148Un andw!iaﬂrsLQ), i(srpos:ti\k fboarﬁe)nnatelweph&%nl@tmfupbm realfvod tHeaegéening 1¢8 weh by:
0" =tau t(Q 2) where Q is positive for antenna el enent
14BUn in ‘Bff?@t"(?ﬁﬁbﬁ‘m?fﬁ‘lafe'%‘ﬁenﬁ hBLad BRRYeLAB . and  negative for antenna

el ement 148Ln in the lower half. The scal ar magnitude V' of the nth

antenna elenent volta 5 Splitter .
ratios in'teHicelaemBei “ﬁ‘%ﬁ)ﬁ ofjfie ﬁ@”WéF%’PWeTWF%ﬁE’éSQWS&QH n Table 3 bel ow.

Table 3 Spiitter Spli tput Split Ratio Voltage Decibels al 0.2286
12.8dB 102a a2 @ ;2"*2@,21 B a3 0.5725 -4.8dB bl 0.5725 -4(§dB 102b
b2 D. 7873 -2.1 dB" b3'0. 2286 -12.8dB c1 0.3011 j -10.4dB 142c c2 0.9536

-0. 4d% Splitter ratios in this emboediment of the network 140 are shown in Table 3 below.

t
o

Table 3
Splitter . Splittar Qutput Split Ratio
Voltage Decibels
———
ai 0.2286 -12.8dB
102a o
a2 0.7873 . -24B
3
a3 0.5725 ' .4.8dB
b1 0.5725 .4.8dB
102h
b2 0.7873 2 1{dB
b3 0.2286 -i2.8dB
’ S —
142¢ ol 0.3011 ! -10.4dB
c2 0.9536 -0.4dB
142d d : 0.7286 - -2.8dB
d2 ' 0.6849 _ .3.3dB _
- ' -4.3
142¢ o1 0.8112 -4.3dB
82 0.7915 -2.0d8
T . -
142f f o612 4.3dB
fa 0.7915 -2.0dB
0.7286 2,88
- 142g g1
g2 0.6848 -3.3dB
< .
. .
0.3011 -10.4dB -
142h h1 1 _
’ h2 0.9536 0.4dR




142d d1 0.7286 -2.8dB d2 0.6849 -3.3dB 142e el 0.6112 -4.3dB e2 0.7915
-2.0dB 142f f1 0.6112 -4.3dB f2 0.7915 -2.DdB 142g g1 0.7286 -2.8dB

g2 0.684M024058¢HN 410h h1 0.3011 10.4da h2 0. 9536 - 0.RGRGRILDEBS 048401
PCT/ GB2004/ 004586 20 All contributions (e.g. cl.(al.A + bl.B) to

signal s reaching the antenna el enents 648U1 to 148L6 frominputs 102a
and 102b pass via the sane nunbers an& types of conponents: i.e. each
contribution passes via a path contai ni ng? a three-way so litter, a
hybrid, Alcretiaeipnse.oe ebfal. ArorhB} ichsignaleireaning the setdnphalementsi 81 |
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anplitude g s e
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functi ongpt tarscdeeiglsdB.t sel f to relatively easy optimsation. It is also
easily adapted to different nunbers of antenna elenents in antennas by
changi ng_ the nunber ,of splitters and hybrids. It has relatively few
splitter Jhbdvesmygay eglaheds 1052 &red 106D mmdmeﬁsabbmfwémweehndmrm gayi splititre

14 d

The 12t wgr7 YRR Bitmarhy Bel BRARY il POHeR T ort e i, BlBRRbS ol bRRCGREY
of the aAc@Ahaniga® clemenist F48bk do df8ighaBe deasigniaf éhr%nﬁwel!m 40ds imefﬂh‘dve
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such as 460 and i ndi cate 1 n- ase corrponen S, drature
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Enci r cl eehawirped! o splitdr® HidWeRoas idtaslefutildlgiaakpiteds AeaARS rédaendl the
vect %s are associated with antenna
number of antenna elements in the array 140.

Figure 8a is a vector diagram of drive signals produced by the network 140 for antenna
elements 148U1 1o 148U6 in the upper half of the antenna 148: the effects of phase
shifters 146U1 to '146L6 have been ignored for convenience. Horizontal, vertical and
inclined arrows such as 160, 162 and 164 indicate in-phase components, qugdrature
20  components and actual antenna element signal vectors respectively. Encircled numerals
1 to 6 such as at 166 indicate adjacent signal vectors are associated with antenna

. \\_w‘.."

elements 148U1 o 148U6 respectively. Equivalent vectors (not shown) for drive signals
for antenna elements 148L1 to 148L6 in the lower half of the antenna 148 are obiainable
by méking each vertical arrow 182 extend downwards from horizontal axes 168 instead of
25 upwards, i.e. producing respective mirror images of the signal vectors 164 by reflecticn in
the horizontal axes 168. Figure 8a shows that the network 140 produces antenna
element drive signals with correctly progressive phase across the antenna 148. Oplimum
performance of the antenna 148 is obtained when a maximum tilt angle is selected
corresponding to the maximum allowable side lobe level when lilted. The splitter ratios
30 are then chosen to give a linear phase front for this maximum angle of tilt.

Figure 8b is a full vector diagram corresponding to Figure 8a but showing antenna
element drive signal vectors indicated by solid arrows such as 169 for the whale antenna
array 1490.



el ements 148Ul to 148U6 respectively. Equivalent vectors (not shown) for
drive signals for antenna elenents 148L1 to 148L6 in the | ower half of
t he ant¥HAMSP40kr e obt ai nabl e by maki ng each vert i AVCRAPHAHBE2 ext end
downwar ds from horizontal axes 168 instead of 25 upwards, i.e. producing
respective mrror imges of the sign vectors 164 by reflection in the
hori zontal axes 168, Figure 8a shows that the network 140 produces
antenna elenent drive signals with correctly progressive phase across

t he antenna 148. Optinmum performance of the antenna 148 is obtai ned
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single voltage V at an input 184, splitting it into two equal voltages
at 186_, and passi ng one of the resulting voltages through a variable
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'A+B and A-B have a right angle between degree ‘relative
phase s melﬁtl\)e phese sPiEik direpegtvet ofdhg ypiye ohhe Pteaqgmafé%emer ¢ bplaiger +O et ween
+A and #B. Figure 11 shows how the rel ative nmagnitudes of A+B and A-B
(chain line) vary as their 20 relative phase difference i? is adjusted
from-180 degrees to O to +180 degrees: A+B goes sinusoidally fromO to

1 to 0, @fde A BhoOeRoROBINERGS Mabiitided®F A+BGarldl AB (bhathiigey ear} ds their
20  relative phase difference ¢ is adjusted from -180 degrees to 0 to +180 degrees: A+B goes
sinusoidally from 0 to 1 to 0, and A-B goes cosinusoidally from 1 to 0 to 1. Figure 12

) shows how the phases of A+B and A-B (chain line) vary as ¢ is adjusied from -180
. degrees to 0 to +180 degrees; A+B goes from -90 degrees to +90 degress, and A-B goes
initially from 0 at ¢ = -180 degrees o +90 degrees ai ¢=0, and then abruptly shifts to -90

25  degrees on passing through 0 and thereafter varies smoothly to 0 at $ = +180 degrees. '

The invention provides for control of. slectrical tilt is as follows. As has been said, the

drive signal to each an’cénna element 148U1 eic. in Figure 6 is a vector which can be

written as P + ]@,. When the phase differance between the Input vectors A and B (or

- voltages Va and Vb) is zero, i.e. ¢ = 0, the difference output A-B from all hybrids 110 efc.

30  isalso zero, as shown in Figure 11. Thus when the antenna is not tilted the drive signals

to all antenna elaments 148U1 ete. have the same phase, the 'untilted phase, and § =0
NP+ jQ..



shows how t he phases of A+B and A-B (chain line) vary as rp is adjusted
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degrees at 0=0, and then abruptly shifts to -90 25 degrees on passing
through O and thereafter varies snootffy to O at 4) = +180 degrees. The
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hybrid' s A+B output. I's arrangenent novés 1 nZphase power (P vector
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progressive phase front. Figure 11 shows that the phase of hybrid
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Thi s ensures t a progressive phase front exjsts across the antenna
whet her negative. 'I%t' enéjure é) g «P ' Eennaw ether

™ the antenna is tilted upwards or downwards.

is that a progressive phase front exists across the an

The embodiments of the Invention described use 180 degreg-hybrids. They may be
replaced by e.g. 90 degree 'quadrature’ hybrids with the addition of 90 degree phase
25  shifters to obtain the same overall functionality, but this is less practical.

The examples of the invention described with reference to Figures 3 1o 12 were
discussed in terms of operation in transmission. However, all components are reversible
and those examples can also operate as receivers. Hybrids and phase shifters are
reversible, and splitters in reverse become recombiners as required in reception.

30



the antenna is tilted upwards or downwards. The enbodi nents of the

i nvention described use 180 degree hybrids. They may be replaced by
e.g. 90 VRag¥a8484¢luadr at ure' hybrids with the additi oPGIGEROMANEBEe phase
25 shifters to obtain the same overall functionality, but this is less
practical. The exanples of the inventi described with reference to
Figures 3 to 12 were discussed in ter of operation in transm ssion.
However, all conponents are reversible and those exanples can al so
oper at e dslaimecei vers. Hybrids and phase shifters are reversible, and
splitters in reverse becone reconbiners as required in reception. 30 WO
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is a plurality,of hybrid radio frequency coupli.ng, deyj "hybrids")
(110 to 114) §Rran£g etrotoptpgﬁedecogﬁc?:rﬁngad‘aea&ﬁ ffégeﬁ%eﬁoiﬁgbﬁgp g Qhe

si gnal conponents, teasiorpair cérapinegtss irgoadntenra @iendrd  Hivemsigotls  badngs

signals. phases which vary from antenna element {e.g. 124U1) to antenna element
(e.9.124U2) progressively across the antenna (124) when the antenna
(124) is electrically titted and which individually vary as the relative delay

varies.

2. A system according to Claim 1 characterised in that the phase to power
converting*means is a plurality of hybrid radio frequency cohpling devices
{("nybrids") (110 to 114) arranged to provide sums and differences of pairs of

-y 4 s’ig nal components, each palr having signal components from both basis signals.

3. A system according to Claim 1 characterised in that the phase to power converting
means is a plurality of 180 degree hybrids (110 to 114) arranged to provide sums
and differehces of paits of signal components, éach pair hav_'fng signal
cormponents from both basis signals.

4, A system according to Claim 3 characterised: in that each pair has signal °
cornponenis of equal magnitude, but each pairs component magnitude is not
equal to that of another palr,

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

second hybtids (118 to 120) arranged to generate antenna element drive signals.



3. A systemaccording to Claim1 characterised in that the phase to
power convertin nmeans is a plurality of 180 degree hybrids (110 to
114) ar M9hYWFBHIor ovi de suns  and differences of paiPCa/GER0E{0HTE
conponents, each pair having signal conponents from both basis signals.
4. A systemaccording to Caim3 charg&terised- in that each pair has

si gnal conponents of equal nmagnitud&, but each pair's conponent
magnitude is not equal to that of another pair. 5. A system according
to O ai nf3 chéraystesr aepedlingnta Glaim Biebataplerisatsinghat the selittity eantsis (kg0 t o
114) and the I DA S | jty of
second hybridgﬂ%ﬁﬁg%gﬁﬂggg§&gﬁgéﬁﬁg%ﬂﬁ% genZ? Pgagggé%h@aéﬁgﬁéﬂiﬁ%#%ve
si gnal s. WO 20@Blvergamaiepayecaxberliting468ms (PRogo 1A2k)arangedicdvide fp t o
Claim5 charaggegi it tir Lodbed | i &l {41 Nng
means (106a, g%@%)aﬁgﬁg? %F%ﬂgggcl)r&g?% P@Bt rha&t’sgd?g%%ggs?énge‘%ggn@ﬁlﬁslga%‘b“ 120)
i ncor por at es a%4sbcond splitting nmeans (1420 to 142h) arranged to divide
the suns and differences into conponents for input to the second

hybrids (1444 ,to , 1449). 7. system accordjng to aim6 characgterised
in that % he fi’*rséf?feg‘;ﬂ‘ic%lidi‘%g*°@é@d%sﬁ ‘?‘ff%‘?eg ngﬂ)’fh? reLp %wgér&?aﬂaﬁ&.%ea de
each of the baes ishrgnmies td ditide ch&tee! 1hé baM sigRUPDReRted signdl cofniyaiitem
according to Claim6 characterised in that the second splitting nmeans is
a plurality of two-way splitters (142c to 142h). 9. A system according
to O ai nBl chérsystear accedirigitotClaim ¢ tharsctansed g duht Secdecomrhspliing megas s

Ext_endi ng from P oyl ycsgﬁtg%%gﬁgtc;?@ﬂtenna el ements contain the

Same nunbers and types o

A method of controlling
electrical tilt of a phased array antenna system (40) including an

antenna 9:124) AY\*iy%’férrﬂHbédrcﬂlh@ t@@a@rﬂﬂﬁc@r@&@d’ﬁe& i l??a‘iliilisté?raihgéﬂ-&oh that all
characterised in that .t hg rrg%lgpd,l ncor por ates t he ﬁte s of: a) providing
two basis si gRaFS sHiePng APMARSE SianrbRIOVEIOY i affer ey @ptifaHaIn thy same

- splitting thenabérs aptaypeksf bdthgorsh@nal corriponents, c) converting the

signal components into transformed conponents having powers which vary
as the relative delay varies, and d) converting the transforned
conponent' 8. i nAomethod nofacattreiiieg telehiricak K iof rea bbasddasirmg aplease systiincldOvar y

from antenna ﬁ"nlcﬁl'aﬁﬂt ar( %nt%nn&%%)wi{hom%%@n&ﬁenna elements (124U1 to 124L3),
characterised in that the method incorporates the steps of:
a) providing two basis signals with variable relative delay therebetween,
' b) splitting the basis signals into signal corrponents,
) converting the signal components into transformed componsnis having
powers'which vary as the relative delay varies, and

) +) converting the transformed components into antenna element drive signals

having phases which vary from antenna element (e.g. 124U1) to antenna
element (e.g. 124U2) progressively across the antenna (124) when the
antenna (124) is electrically tited and which individually vary as the relative
delay varies.

| i1. A method according to Claim 10 characterised in that step ) is implemented using
a plurality of hybrids (110 1o 114) arranged to provide sums and differences of
pairs of signal components, each pair having signal components from both basis
sighals. | '

12. A method according to Claim 10 charactetised in that step c) is implemented using
a plurality of 180 degree hybrids (110 to 114) arranged to provide sums and



el ement (e.g. 124U2) progressively across the antenna (124) when the
antenna (124) is electrically tilted and which individually vary as the
rel ati vevoaesies4ddari es, 11. A met hod according to J aiqwdseoeiteisict eri sed
in that step c) is inplemented using a plurality of hybrids (110 to
114) arranged to provide suns and difiﬁerences of pairs of signal
conponents, each pair having signal conponents from both basis signals.
12. A nmethod according to Claim10 characterised in that step c) is

i mpl ement ed udiffeignces o balkd Pk Sigie coBPoREEER: each \oairi fuwing1signal gornpanents
arranged to PreWingR: H4BeiGRes. WO 2005/ 048401 PCT/ GB2004/ 004586 25
differences of pairs of signal conponents, each pair having signal
conponents fromboth basis signals. 13. A nethod according to Caim12

char act gﬁB.SgdAi ﬂﬂeﬂnEdta@ﬂﬁhQD@d fCldlmS1§icﬂﬂr@.bteri§éUTm0d ] Wt@cﬁfpfﬁlﬂﬁéé Sigrr]]a[ f
magni t ude, but each pair's conponent nitude is not equal to.that o
anot her pai r. SAPONRN ?%Sﬂlaié%n%“g'i’%g bfqg%@rhipﬁ\rslcf”lﬂ‘?a?'gc BOLEe i§ H&t hat
t he hybrids asguef iorthat dhydbingspaiand step d) i-s inpl enented using a
plurality of second hybrids (116 to 120) arranged to generate the

antenna el ement drive signals. 15. A nethod according to Claim14
char act ef#sedAimmetihdrhaceepding ta Qigink. 2 sharpctérjseddn éhet ithestybridp hiet firstribdosd a

i rorences. | ASSID R, RBAREo Dl f pialk? of a8 g 41 g
120). 16. A netinge@dde cenaifieghe antenng slemantchive sigh@si sed in that the first

--gpl itting divides each of the basis signhals into three signal

onponents. 17. A nethod _acconi, ng to Cai,m15 characterised Ln that the
second spPi t t AdBEad aecqiing &g iy df ChASCRESPSPINEISPIHIBY INsSTRR PSR Tirst
according to Ehiaing i £ Baseret RiEE® irplchititedh iRt ® X Rd agnd Ham
basi s signal B_r ovision to antenna el emenﬁs élZélﬁl t 1¥4L3‘? ?ont ain the
sanme nunber sYHRENFSHEEL W%ﬁﬂéﬁ%ﬂﬁ%’?mt e second hybrids (116 to 120).

16. A method according to Claim 15 characterised in that the first splitting divides
* each of the basis signals into three signal components.

17. A method according to Clairﬁ 15 characterised in that the second splitiing is a
plurality of two-way splits.
' * _ ¥
18. A method according to Claim 10 characterised in that all paths extending from
basis signal provision to antenna elements (124U1 to 124L3) contain the same

) /
R—

numbers and types of components.



