WO 03/ 036756 PCT/ GB02/ 04166 -1 ANTENNA SYSTEM The present invention
relates to an antenna systemand particularly, but not exclusively, to a
phased arweay3asd7ecina system having a plurality of antennaPCalGBmRNOIKG6
arranged in at |least two sub-arrays. The antenna systemis suitable for
use in many tel ecommunications systems-bat finds particular application in
cellular nobile radio networks, commonly referred to as nobile tel ephone
networks. More specifically, the antenna system of the present invention
may be used with third generation (3G nobile tel ephone networks and the
Uni versal Mobil e Tel ephone System (UMIS). Operators of cellular nobile

radi o networks generally enploy their own_ base-stations, each of which

i ncl udes one or nore antennas. ANTENNASYSTEMbile radio network, the
antennas are a factor in defining the desired coverage area which is
generally divided into a nunber of overlapping cells, each associated with
a respective antenna and base station. Each cell contains a fixed-|ocation
base st ati ofhevpresent invention gelagessiotan ambina sydemand partigalarlye duk notthe base
stations thenselves are interconnected by ot hﬁrév,msans of ni cation,

eit Ee(r:I r adi Sxalysikelye fo aiBhaged aHay |3nHada sy, @lgraaﬂlélééii@’(ri‘?@mﬁwad or

| | ow ng. i dj v
Lo communi carPHenis et s Haead R Pa s e Mo e SEERESS *°°
network out r%etiﬂg??? léfé&fmﬁ'&ﬁidagoﬁégyﬁer%tﬁﬂ@&‘fﬁds Bgﬁtég;lg%ﬁgﬁ@&aﬁ%ﬁd in

such networks are n conposite devices known as ay antennas
whi ch conprirseelRulad thobile tridiousatdlorlys, &lomirhonly reféieed @ as atictdle welephodevi dual
antenna el ements or dipoles. The direction of maxi mum sensitivity of the
ant enna, i .eetwarks.vifore specificalhyy the amterinadiyistem of theoprashrt wwention may

be used with third generation (3G) mobile telephone networks and the

Universal Mobile Telephone System (UMTS).

Operators of cellular mobile radio networks generally employ their own
base-stations, each of which includes one or more antennas. In a cellular
mobile radio network, the antennas are a factor in defining the desired
coverage area which is generally divided into a number of overlapping cells,
each associated with a respective antenna and base station. Each cell contains
a fixed-location base station which communicates with mobile radios in that
cell. The base stations themselves are interconnected by other means of
communication, either radio links or fixed land-lines, and are arranged in a
grid or meshed structure 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.

The antennas used in such networks are often composite devices known as
phased array antennas which comprise a plurality (usually eight or more) or
array of individual antenna elements or dipoles. The direction of maximum

sensitivity of the antenna, i.e. the vertical or horizontal direction of the main



WD 03/ 036756 PCT/ GB02/ 04166 -2 radiation beamor "boresight" of the
antenna pattern, can be altered by adjusting the phase relationship

bet ween twWe odlogatets. This has the effect of allow ng theChasmvolche
steered to nodify the coverage area of the antenna. |In particular,
operators of phased array antennas in ¢8riular nobile radio networks have
a requirenent to adjust the vertical radiation pattern (VRP), also known

the "tilt" of the antenna.si his h i gni fi ffect th
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adj ust ment gfowing A8 BetmOio bé Steeftld RNMBALHIRE cbPerhBO WheAdtHeSantenna,
conventional ly acChi eved by nechani cal neans, electrical means, or both,

within the antenna itself. When tilt is adjusted nechanically, for exanple

by nechanically noving the antenna el enents thensel ves or by nechanically
novi ng t he Inopartiaylat pppenators|of phased agay Rngnnas jin selalar mabilsfradio r ef er r ed

b uet i ng. | HEWORRG Ve TRRRRARFRLIO AV The Vepidal SedaioB RaftEE DORBb ght such
o us! ! . , | S Y T ! 2
ol act 11 ot 1§58 KFORA T pBHE, i e o SutS fiOhas S LRI A efefih CL 00
el ements Wi AUl ePRESIERl0f Xhe BRIENAS. AdfliEheat\Sf thRUSIVEEadeOdreh fayebement s,

t he antenna el enent™s themsglves or any other part o?gat%e anter?ﬁa radone,

such an adj wq]umd; forsexzenpleNbwing €6 eharg@stin the néadhrisdtranireadr thee angl e of
electrical tilt". The effect of adjusting the angle of electrical tilt is
al so to repadditionor remonal ef pyier base stations or apisinnas iretheneall.above or bel ow
the horizon but, in this case, is achieved by changing the tine delay of

signals fed to each elenent (or group of el enents)

The adjustment of the angle of tilt of an antenna is known and is
conventionally achieved by mechanical mearis, electrical means, or both,
within the antenna itself. When tilt is adjusted mechanically, for example by
mechanically moving the antenna elements themselves or by mechaniéally
moving the housing for the elements, such an adjustment is often referred to
as “adjustment of the angle of mechanical tilt”. The effect of adjusting the
angle of mechanical tilt is to reposition the boresight such that it points either
above or below the horizon. When tilt is adjusted electrically, by adjusting
the phase of signals supplied to the antenna elements without physicallyv
moving either the housing for the elements, the antenna elerheﬁts themselves
or any other part of the antenna radome, such an adjustment is commonly
referred to as "adjustment of the angle of electrical tilt”. The effect of
adjusting the angle of electrical tilt is also to reposition the boresight so that it
points either above or below the horizon but, in this case, is achieved by
changing the time delay of signals fed to each element (or group of elements)

in the array.



in the array. WO 03/036756 PCT/ GB02/04166 -3 A disadvantage of nechani cal
adj ustnent of the angle of electrical tilt is that it nust be carried out
i n situ byomamnsEbe nechani cal adjustnment of the antenna. PCTIGBoan4wh) ect of
the present invention to provide an inproved antenna which overcones the
af orenenti oned problem In the follow 'nﬁ“,descri ption, the term "antenna
systenl is used in place of the previous term"antenna" to describe a
system havi pg.an, "antenna assenbly’', that is an arr of . ant.enna, el enent s,
and contr olxrijé%ﬁiié’aﬂ%e dﬂ?cﬁ'ﬁplqgﬁﬁggﬁssﬂ%}%s‘fs@ﬁGpgguof%le?tﬁ’é:aghﬁe‘ﬁﬁléateI ement s
in the ante enbl. c ' nt invention,
t herefore, lpﬁzqsg%gscq‘gh%%f)gé@ gﬁbgg?%@r?g%gefg? g%%%%?‘?@@%g{fqgﬁ ant enna
assenbly hayjigghan angle of electrical tilt and a plurality of antenna

el ements nounted upon an antenna carrier and arranged in at |east two
sub-arrays, each sub-array including one or nore of said elenents, control
means for controlling electrically the phase of signals supplied to at

| east one dit isan @bjrcd-ofthexprestnioimvantion & prvide aptimproved aaeanamthicina
assenbly, wherein said control neans_include phase adjustnent nmeans for
connect i on @¥eTeRmgRs the aforementinedroblgt feeds to a respective one of said
sub-arrays, thereby to adjust the phase of signals applied thereto, and an
addi ti onal mechani cal phase adjustnent arrangenment for further adjusting

t he phase i : I-ed: 1.0 ke e; ly. WO
03/ 036756 g@#@g@g#gﬁg%#ﬁﬁlo&l, (Rt Siteata §fstéhie iNs& iRpRce SfP
the previous term “antenna” to describe a system having an “antenna
assembly”, that is an array of antenna elements, and control means for

controlling signals supplied to the antenna elements in the antenna assembly.

According to one aspect of the present invention, therefore, there is provided

an antenna system comprising:

an antenna assembly having an angle of electrical tilt and a plurality of
antenna elements mounted upon an antenna carrier and arranged in at least

two sub-arrays, each sub-array including one or more of said elements,

control means for controlling electrically the phase of signals supplied to at
least one of said sub-arrays from a location remote from said antenna
assembly, wherein said control means include phase adjustment means for
connection through first and second input feeds to a respective one of said

sub-arrays, thereby to adjust the phase of signals applied thereto, and

an additional mechanical phase adjustment arrangement for further adjusting

the phase of signals supplied to each element of the antenna assembly.



Advant ageously, the antenna assenbly may conprise first and second phase
adj ust nent neans, each of said first and second phase adjustnent neans

bei ng i n wonpeat7sO©N With a respective one of said sub-arra&g3/agBwough the
respective first or second input feed, thereby to adjust the phase of
signals supplied to said respective oné ~“of said sub-arrays. Typically, the
antenna carrier nay be a mast. In a first enbodi nent, the control neans may

be Iocated t. a base &)g ant enna rrier, renot fro t he enna
asz_errbl y. é(ﬁmég??isf(ilé’t émt"é%oqfﬁ‘?@g Y, M@ SOFRisedit a]é ’l—f'iagm'i&nged at
exarpl 2”2ev%?§%' it et 85, 46 80 Frst %ﬁ%%%&@@ﬁ? el TS, oThgie
port for \S&hgtlﬂ% fAnedti glm@fés éﬁ@aﬁe 3f‘§513‘%ﬁ85ar{'§fe tﬁ%ﬁ tg@g sai d

i nput S|gn lrst an secon split signals to sup to a

respective giRpedtivesfitdl oriseséndiipus €6cd)dheriedsao adilisy st phiserafasignals
Advant ageousl y, the system further conprises neans for automatically

cont r ol | i ngsuppdiedhtasaidbfespectmnad ens appdidestibtagraysti rst one of said arrays in
dependence on the phase of signals supplied to a second one of said arrays.
In one preferred enbodi nent, said elenents in said antenna assenbly are
arranged in fIJ’Sh eco d and third sub-arr ys and sai d antenna system
conpri ses: IVP’sc? Lofite e%ﬁasrrl%rm%yoﬁ?%rpﬁ ng the phase of signals
supplied to said fi rst sub-array, and WO 03/036756 PCT/ GB02/04166 -5
third control means for controlling the phase of signals supplied to said

third sub- g i#itst &iBodiment, the control means may be located at a base of the
antenna carrier, remote from the antenna assembly. In an alternative
embodiment, the control means are arranged at a distant location from the

base of the antenna carrier or mast, for example several kilometres away.

The control means may include a single port for receiving a single input
signal and means for splitting said input signal into first and second split
signals to be supplied to a respective one of said first and second phase

adjustment means.

Advantageously, the system further comprises means for automatically
controlling the phase of signals supplied to a first one of said arrays in

dependence on the phase of signals supplied to a second one of said arrays.

In one preferred embodiment, said elements in said antenna assembly are
arranged in first, second and third sub-arrays and said antenna system

comprises:

first control means for controlling the phase of signals supplied to said first

sub-array, and



second control neans arranged to control automatically the phase of signals
supplied to said second sub-array in dependence on a predeterm ned function
of the phaea3ose7she signals supplied to said first and thiPCa/GRORAOZNGEaYS.
Advant ageously, said predetermned function is the vector sum of the phase
of the signals supplied to said first and third sub-arrays. Said second
control -neans nmay preferably i nclude a conmbiner unit for receiving a first

i nput si gnal, . havi t he al s supplied t first
sub-array ahﬂi“g %‘ﬁg%lrme? bﬁy E\?%}&SFH’ Sﬁ‘g@sesqﬁp @?‘38&?&‘{ Ll'ﬂ’b(i)l i ed
to said thigg %H. éﬁ , and for provi ding an output signal to the second
sub- array In pg ence on the predeterm ned function of the phase of the
signals supplied to said first and third sub-arrays. In one enbodi nent,
the predeterm ned function is the vector sumof the phases of the signals
suppl i ed t osezand contrel neeans taranged ub cantrely sutohmatisally thdphager off stgnadsl

enbodi nent, the second control neans_ includes at |east one %uadrature
conbi ner unsupplied tpeseid saoegdSubiaray imgenendeaemen raemiedgermme plivasEon f

signal s sup ,ed to t first, sub- rra a . second |n signal having
The phase obt gt of fhe steBalsPpfied 1551 Ty 350 2 SR 6B or ovi di o a
first output signal to one elenent of the second sub-array and a second
output signal to a different elenment of the second sub-array, wherein said

first and Ageamnd @éﬁ@ytsasa%wdeieﬁhﬁedwﬁﬁms tHE QB cio? SuR{ Sfi KHsged
function of the %hase of t first and second 1 nput signals. 03/ 036756

PCT/ GB02/ 04d6the signalbeuppliet! &t saié fixsdndhirdisub-armays.be configured such that
the phase of said output signals provided by the quadrature conbiner unit
is the average of the phase of said first and second input signals.

Said second control means may preferably include a combiner unit for
receiving a first input signal having the phase of the signals supplied to said
first sub-array and a second input signal having the phase of signals supplied
to said third sub-array, and for providing an output signal to the second sub-
array in dependence on the predetermined function of the phase of the signals

supplied to said first and third sub-arrays.

In one embodiment, the predetermined function is the vector sum of the

phases of the signals supplied to said first and third sub-arrays.

In a further preferred embodiment, the second control means includes at least
one quadrature combiner unit for receiving a first input signal having the
phase of signals supplied to the first sub-array and a second input signal
having the phase of signals supplied to the third sub-array and for providing a
first output signal to one element of the second sub-array and a second output
signal to a different element of the second sub-array, wherein said first and
second output signals are dependent upon the predetermined function of the

phase of the first and second input signals.



The first control nmeans may be arranged to control and/or adjust the phase
of said signals supplied to said first sub-array by a first predeterm ned
anount awo is@s@ddseecond control neans nay be arranged to ®CWtGRIR/0&Nsd/ Or

adj ust the phase of said signals supplied to said second sub-array by a
second predeternined amount, wherein théTagnitude and/or polarity of said
second predeterm ned anount is different to that of said first

predet erm n nt. The antenna assenbly is conveniently supplied with a

maxi mum of &%Gaag*o Falpre ephner ugi raay lefq ltgluéfghs@@c@ﬁﬂﬂtﬂﬁ?ée&ﬂsaﬁ nent
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di stributi n§h§§ a3d fﬁggmsécgﬁdg}llw%ﬁalgf t he associ ated sub-array.

Preferably, each of sard signa ution nmeans includes a splitter

arrangenment for distributing signals to one or nore of said sub-arrays.
Conveniently, the splitter arrangenent is arranged to distribute signal

strengt h of Thaiftrsscomadlsmeansmiay besarbargedapscantrad andhst adjustahé yphase HHr m
distribution, thereby taq increase antenna boresight gain. In one

enbodi nent , S signals seppliesopiaid &irsfrmb-arranby & Arsdipsedatempingd ameumnt

associ at ed \Mahﬁﬁ firsﬁ& suﬁj-?rr% | S atiall%:}conbin d %ré o%/)@rla ped with
at |east ofied SHELGEORY GRAIO PANS AT R AN FhFOmEX ANdAQS dPé‘t with a
third b- ] ' ' | t put

Si'gnal s o Pragyor ESEMIC QBB dRaid {bndAnSGRE Y SRR T 2" Lot ni ng

of signals B minéd AR, WheRiY the'mabhitudé dndd/o? 'oqicﬁvﬁ?rt &Rl
advant age that hi gher WO 03/ 036756 PCT/ GB02/ 041%6 tﬂ7 bo eégrsg‘%lgg%?ln and

| ower si del phaietarmeahed amoune indifferemetcto thar of sail irkypmdeterndine] axoufm i s
electrically tilted.
The antenna assembly is conveniently supplied with a maximum of two signal

feeds from said first and second phase adjustment means.

The antenna assembly conveniently includes respective signal distribution
means associated with each sub-array for splitting and distributing signals
across the elements of the associated sub-array. Preferably, each of said
signal distribution means includes a splitter arrangement for distributing
signals to one or more of said sub-arrays. Conveniently, the splitter
arrangement is arranged to distribute signal strength of said signals to said
sub-arrays in a substantially uniform distribution, thereby to increase antenna

boresight gain.

In one embodiment, at least one output signal from said distribution means
associated with a first sub-array is spatially combined or overlapped with at
least one output signal from said distribution means associated with a third
sub-array, thereby to provide first and second combined output signals to first
and second elements of a second sub-array. The combining of signals may be

achieved simply in air, and provides the further advantage that higher



The addi tional nechani cal phase adjustnent arrangenent may include an
array of noveable dielectric elenents. The signal path to each array

el enent way3ps@vé ded with an associ ated diel ectric el emreRCI/GBwROUW6t 0 t hat
el enment, or may share a dielectric elenment with the signal path to another
of the array elenents. Each el ement hadé-an associated input transnission
line and, in one enbodinent, each of the dielectric elenents is arranged

f i t .relati t iated tr, i SSi. | i t

the fur't her DRIRAEB B AnblowE: SFEIDBE L5H el tecr Qi e BRI BB Sai o
transm ssiop | i ne. ' each of the dielectric elenents is
arranged fo er%ﬁ%@d@ééﬁ@%pyﬂlg@ati ve to the associated transm ssion |line
to vary the further phase shift of signals supplied to said el ement

t hrough said transm ssion |line. The additional mechani cal phase adjustnent

ar r angenent Theydditienel Aleehaniosl pithse adjlsenentiriangediedtimepincheddighi on neans
for noving the dielectric elenents. Each additional nechani cal phase

adj ust ment anray e emveableadicleetric diemdntsl The sigasl pathgo eachiermyselesennt i al |y
equal amount of further, phase adjusinment, tq signals supplied to each array
el enent upomavime&hdeérwmﬁar%ssocaegﬁémlsﬁr&elménaiuﬂl@eﬁ q thag elemasnts .

Al ternativel each_addi. t.i onal .nmechani hase adj ust nent arrangenent may
pe. di 11 er ent? SHSRTRRGS GOIRERE CFmERC Rt the sPelal Pafl o AdtE e R ent
anount of f%{f phase adjustnment to signals to each elenent. WO

03/ 036756 P 2/ 04166 -8 According to another aspect of the present
invention, there is provided an antenna system conprising: an antenna

assenbly having a plurality of elenents arranged in at |east two
Each element has an associated input transmission line and, in one

embodiment, each of the dielectric elements is arranged for linear movement
relative to the associated transmission line to vary the further phase shift of

signals supplied to said element through said transmission line.

Alternatively, each of the dielectric elements is arranged for rotary movement
relative to the associated transmission line to vary the further phase shift of

signals supplied to said element through said transmission line.

The additional mechanical phase adjustment arrangement may therefore
include either rotary or linear actuation means for moving the dielectric
elements. Each additional mechanical phase adjustment arrangement may be
identical, so as to provide a substantially equal amount of further phase
adjustment to signals supplied to each array element upon linear or rotary
actuation of the dielectric elements. Alternatively, each additional mechanical
phase adjustment arrangement may be different such that linear or rotary
actuation generates a different amount of further phase adjustment to signals

to each element.



sub-arrays, each sub-array conprising one or nore of said elenents; first
control neans for controlling the phase of signals supplied to a first one
of said awpags3ic7amd second control means for autonatical | yCeaRozo¥i6bng t he
phase of signals supplied to another of said sub-arrays in dependence on
t he phase of said signals supplied to-8aid first one of said sub-arrays.
Preferably, said elenents in said antenna assenbly are arranged in first,

second and third.sub-arrays and sai.d assenhly includes:. first, control neans
for control }‘F%r%i%t%ﬁ%%lggbﬁsgﬁcb Hgﬂ? RIESpt IQéeIPtt‘)o‘b_afgﬂrq‘ ¥srl%rp‘”d§_§b@“ar ray; and
third cont r%teﬁfa%ﬁ%ﬁ\rﬁﬁg’?@%ﬁéj ing the phase of signals supplied to said

third sub-arra aid second control nmeans is arranged to
control automatically the phase of said signals supplied to said second
sub-array in dependence on a predeterm ned function of the phase of said
si gnal s supg he@nh® assentblfiNavingaplurality df slements aprangddlirnat legstamsl y, t he
predeterm ned function is the vector sum of the phase of the signals

suppl i ed t osubminrays,reachsub-arnay eomppsigrenesor ore 9f Gawi7eemeats; GB02/ 04166

-9 1t will be appreciated that the features described as optional and/or
alternatives of the first aspect of the invention may al so be applicable to

he pr esent TTShSRREPOACaph &5 bR the 4SS O MBuiR D UGLI A SIS B NG o

ant enna assgpp‘{iaam\ygpgﬂ@ plurality of elenents arranged into at |east

second control means for automatically controlling the phase of signals
supplied to another of said sub-arrays in dependence on the phase of said

signals supplied to said first one of said sub-arrays.

Preferably, said elements in said antenna assembly are arranged in first,

second and third sub-arrays and said assembly includes:

first control means for controlling the phase of signals supplied to said first

sub-array; and

third control means for controlling the phase of signals supplied to said third

sub-array;

and wherein said second control means is arranged to control automatically
the phase of said signals supplied to said second sub-array in dependence on a
predetermined function of the phase of said signals supplied to said first and

third sub-arrays.

Advantageously, the predetermined function is the vector sum of the phase of

the signals supplied to said first and third sub-arrays.



first, second and third sub-arrays, each array conprising one or nore of
said elenents; and control neans for controlling the phase of signals
suppl i ed wo odasd1s©f said sub-arrays; wherein said ant enn@CagEBII0UNGI S
supplied with a maxi mum of two signal feeds. The systens of the invention
as described in the preceding paragrapﬁ%' provi de several advantages over
existing systens. In particular, control and/or adjustnent of the phases
of signals supplied to each sub-array in the antenna assenbly can be

achi eved sinply and quickly and froma location renpote fromthe antenna

assenbly. II; axjhﬂ sb?%‘ﬁ}e@?te?%&ts t eti%gtu?é'eﬁgbgsc?fbeﬁialsgo/pgi‘;on?{:%ncﬁfﬂf' enna by manual

nmechani cal he antenna enent’s an ant enna housi ng

mount ed on atldé‘?nﬁwegryﬁgéﬁ%ﬂﬁ e of@Btinl eI maPddd BE appliddbié K e process
i s inconvenient and | abour intensive. The present invention provides the

advant age tfapthet hsperngbftheflinvémdorcan be adjusted froma |ocation renote
fromthe antenna nast by electrical neans, for exanple from a base station
or control centre at the base of the antenna mast, or a base WD 03/ 036756
PCT/ GB02/ 04166 -10 statipn situated several kilonetres fromthe st.
Nbr eover , tﬁ@%QMY@aﬁ‘éWBﬁP%ﬁté’ﬁ ¢ PReenf InySapon; there h%?'iqw%egﬁr at or)
applications, rovi.din e user wth independently operable control
means, and W@% ?ﬁsﬁ%‘fnt(%@prgsg&' signals in a frequency sel ective conbi ner
device. The invention also provides the advantage that the distribution of
the phase and anplitude of the signals fed to each antenna elenent is

control | ed fpa@eniassefdty Bavingu puedligoot ¢lomeafs drgngedt iatmat pasn and si de
| obe | evel, particularly o ]
first, second and third sub-arrays, each array comprising one or more of said

elements; and

control means for controlling the phase of signals supplied to each of said

sub-arrays;

wherein said antenna assembly is supplied with a maximum of two signal

feeds.

The systems of the invention as described in the preceding paragraphs
provide several advantages over existing systems. In particular, control
and/or adjustment of the phases of signals supplied to each sub-array in the
antenna assembly can be achieved simply and quickly and from a location
remote from the antenna assembly. It is known to adjust the angle of tilt of an
antenna by manual mechanical adjustment of the antenna elements and/or the
antenna housing mounted on the antenna carrier or mast itself. Such an
adjustment process is inconvenient and labour intensive. The present
invention provides the advantage that the angle of tilt can be adjusted from a
location remote from the antenna mast by electrical means, for example from

a base station or control centre at the base of the antenna mast, or a base



when the systemis electrically tilted. The provision of the mechani cal
phase adjustnment neans, for exanple, for further adjusting the phase of
signal s woppls@ss t o each el enent of the array, provides Ph#/GBRO4MGth a
nmeans of fine tuning the vertical radiation pattern, -to permt further
optim sation of the boresight gain and1¢rdel obe | evel s. This aspect of the
I nvention al so provi des an advant age over other known techniques in that a

reduction i he nu r of onents.required to _adjust the electrical
tilt of thegtﬁklpﬁrfﬁ%’g%?ss&%ﬁﬁj %163§5a@ﬂ¥12‘$1€dn%;t M%Feoﬁ%fr,rlh? ﬁl:ﬁﬁéémnlg_
reduction i (l d i urpose, 0 1,S

speci ficati gﬁﬁbﬁﬁ?\% Fi Egﬁglb]%)ér(re iréatrg‘gﬁllt?%‘{;g{oﬁiaﬁwlﬁ) IS, Y providing ¢ enged
to mean theeactetsdiwidiindehashy bbbl WiftidIters, Andchy SHTLHIMPRR! AL OF).
and not the user of the telephone handset for _recé! pt/transm sston of

si gnal s t o/ liseansighals sy atfeequenby spleetieacoinbimsttdevices | | now be described, by
way of exanple only, with reference to the acconpanying drawi ngs in which:

Figure 1 illustrates the vertical radiation pattern (VRP) of a known phased

t ly: WD 03/.036756 PCT/ GB02/ 04166 -11 Figure 2 is a
e horar e DB AR dIse Prov RS the ativeatgs Baberhisiribuoniaidha phase

[ I F 4SE - n of electrical tilt: igure 3 1s a
Cohomt | o bosampeideh 'Rl 06 RNEN Rlimind Heeal s Cgrafsillacf 23S B enna.
' [ [ j : . i.agram
2 or act car Pioide WApEVRd OB o the hidng el Snd SRETGHR idvel "BAGEACRE" 81 ¢
a schemat i cwiendke dy sigmaimeddctrically rilted SThe Prévixionnd e anSotiinfis] Phase

adjustment means, for example, for further adjusting the phase of signals

supplied to each element of the array, provides the user with a means of fine
tuning the vertical radiation pattern, to permit further optimisation of the

boresight gain and sidelobe levels.

This aspect of the invention also provides an advantage over other known
techniques in that a reduction in the number of components required to adjust
the electrical tilt of the antenna assembly may be achieved with a

corresponding reduction in system complexity and cost.

For the purpose of this specification, it will be appreciated that the phrase
“user” is intended to mean the user of the system of the invention (l.e.a
system operator), and not the user of the telephone handset for

receipt/transmission of signals to/from the system.

The present invention will now be described, by way of example only, with

reference to the accompanying drawings in which:

Figure 1 illustrates the vertical radiation pattern (VRP) of a known phased

array antenna assembly;



an alternative enbodi nent, using spatial over-lapping of sub-arrays, Figure
6 shows a schematic bl ock diagram of an alternative triple sub-array

ant enna sWetoansd7s6 t hat shown in Figure 5, Figure 7 shows &CTatBmsice bl ock
di agram of a practical inplenentation of the antenna systemin Figure 6,

Fi gufe 8 shows a schematic bl ock diagrdh-of a quintuple sub-array antenna
systemof a further alternative enbodinent, Figure 9 illustrates one

enbodi ment of the mechani cal phase adjustnent arrangenent form ng part of
the systemin Figures 3 to 8, Figure 10 illustrates an alternative

mechani cal phase,adj ust nent. r angenen tqg.tha i Lgure 9, WO

03/ 036756 BCEPERSDS Gzﬁfh%mahig’li%q‘g%%mﬁ olféq%{“%"t’fﬁ Pﬁ@?‘@ﬁ?&”ﬁg i ve enbodi ment
of a tripl - af L : ﬁ{ggmd&gﬁ amechani cal
phase adj u&%oﬁé%%ghegﬁ? Qil rrllﬁx |§{upraecﬁ§%, |§ur !igefléts:trg&? ttjlfli? her
alternative enbodi ment of a triple sub-array antenna system to show
details of the nechanical phase adjustnent arrangenent in Figure 9, and

Fi gure 13 iBigares8tisweschemiatio btoak diggram of aafirshlenthodimentof adualosubsyst em
according to the invention, incgrporating a dual polarity antenna assenbly.
In the dravdTrgsantenpe sysiesr ageoeding e the éNeNEONsed to denote sinilar parts.

In the follow ng description, the invention is described in the context of
an antenna systemsuitable for use in a cellular nobile radi o network and

PR e e e L T e S S SR,

be antenna system in Figure 3,

Figure Sis a schematic block diagram of a triple sub-array antenna system of

an alternative embodiment, using spatial over-lapping of sub-arrays,

Figure 6 shows a schematic block diagram of an alternative triple sub-array

antenna system to that shown in Figure 5,

Figure 7 shows a schematic block diagram of a practical implementation of

the antenna system in Figure 6,

Figure 8 shows a schematic block diagram of a quintuple sub-array antenna

system of a further alternative embodiment,

Figure 9 illustrates one embodiment of the mechanical phase adjustment

arrangement forming part of the system in Figures 3 to 8,

Figure 10 illustrates an alternative mechanical phase adjustment arrangement

to that shown in Figure 9,



equal ly applicable to other comrunications systens. Figure 1 shows the
vertical radiation pattern (VRP) of a conventional phased array antenna
assenbl y.wohg/ski7ami ng i s shown in side view and the ant en®aT/GRemsby i s
represented by the point 1. The VRP of the antenna assenbly 1 consists of a
main | obe or "boresight” 2 which divelyes in a vertical plane as it
extends fromthe antenna assenbly and represents the regi on of nmaxi num

radiation intensity of the heam radiated b he antenna_assenbly. The VRP
0f t he. ant Egreakiote o furthir eI ATBGOG TR SEA BIG P AT B g efina
representing regions of h we .atl L i I end from
t he ant ennégﬁg%ﬁ%lsgo\*'ndegﬁ;segt ﬁlg ecmaitp%@ge g@%?@(%ﬁr%a g@@'eié[%&? gﬁ]gul arly
spaced abo?&]h%eqﬁntenna assenbly in WD 03/036756 PCT/ GB02/ 04166 -13 a
vertical p ane. e lobes 3 i Mmedi ately adjacent the boresight 2 are terned
the first upper and first |lower side |obes respectively. The angle of tilt
of the antenna assenbly, when adjusted nechanically by physically noving

t he ant ennFigirenehissa furtherraltemeatrvenerobodignent of astripl sul-arayAMeRH t he angl e
of "mechanical tilt" and is conventionally achieved b reposi tioning the
bor esi ght spstemattoishopodataids of theapeehneal phapep SEIH@%%FE} Fent yhen

adj usted e ctri&g%kﬁ, the tilt of the antenna assenbly is known as

"el ect ri caf'18W¢% nmoves the boresight line up or down by changing the
time delay or phase of signals supplied to groups of elenents in the
antenna, rather than by nechani cal novenent of the el enents thensel ves.
The tine dfigaﬁé 8y DSclsihateyBidcR\isdtanobhan aliermbize donh dfhysteadi o
frequency carrier. Providing that the phase delay is proportional to
frequency aeccosiing e theeindenfion, interpesatingadiuahpolasity antenan @sgamblyhen t he
phase del ay produces a tine del ay.

In the drawings, like referehce numerals are used to denote similar parts. In
the following description, the invention is described in the context of an
antenna system suitable for use in a cellular mobile radio network and
particularly the Universal Mobile Telephone System (UTMS). However, it
will be appreciated that the invention is not confined to such use and may be

| equally applicable to other communications systems.

Figure 1 shows the vertical radiation pattern (VRP) of a conventional phased
array antenna assembly. The drawing is shown in side view and the antenna

assembly is represented by the point 1.

The VRP of the antenna assembly 1 consists of a main lobe or “boresight” 2
which diverges in a vertical plane as it extends from the antenna assembly‘
and represents the region of maximum radiation intensity of the beam
radiated by the antenna assembly. The VRP of the antenna assembly also
includes a number of side lobes 4, representing regions of much lower
radiation intensity, which extend from the antenna assembly in directions

which are approximately equiangularly spaced about the antenna assembly in



Phase shift and tine delay are thus synonynous. It will benefit the
reader's understanding of the follow ng description to note that both

"el ect ri c&b 0Biodd786 and "nechanical tilt" may be control | ed PamdiBIR/041md] ust ed
either by electrical means, or by nechani cal neans, or both neans, such
that, for exanple, nmechanical novenent-&-parts may be used to inplenent
el ectrical phase adjustnent in which the antenna el enents thenselves are
not physically noved to adjust the position of the boresight. 1In Figure 2,
t he ant enna2a$&¢adplans. Bhadobgs 3 dm@ﬁ@ateéwﬁﬂﬁﬁ?mﬁfbérhﬂé?%gg nyake tarmedani cal
means of adj] é t he ang{ e of el e cal ti If |ls shown in schematic

bl ock formbtéeh Peﬁ’fm rs"rlﬁcg,veérﬂ e%1§%sé’ﬁﬁ Wel¥s a phased array antenna

consi sting of an array of twelve elenments-or dipoles El - E12 which are
arranged into three sub-arrays labelled A, B and C. WD 03/ 036756

PCT/ GB02/ 0416 angﬂéoﬁﬁnfbf&ﬁbaaferm alserfblyCwhial zugeﬁed MEchehRARYLS, nutual ly
connected in parallel, and is coupled t0 the put of respective first,

second and phymdall;dﬁioa/mglehﬂ ameni®eleirentslénd/Ohehedehoysidg \orvasing?is 14, 16
conprise conventional nechanical phase adjustment mechanisms of the type
shown i n Fkgovasisghepagleoohimeehaniedl Bl and fsueartventieally aClbeVQdJ\bYA radi o

of ‘the. dol ajePdiiArEEs the Borksight 50 tharit ROLH ABRODBENT RHOVEBBIOTESN. The
ot on o s ALeia PLBERY e bt of g tﬁ%ﬁés@w RS i ned
2 Fixed dol A N g R e FE & o e e 2 o
sub-array Btime delhy xephasoufitignals supplied e growgsdof dlbmehis’ imtthengdtdnnal d del ay
rather than by mechanical movement of the elements themselves. The time
delay may be achieved by changing the phase of the radio frequency carrier.
Providing that the phase delay is proportional to frequency across the band of
interest, and has zero intercept, then the phase delay produces a time delay.

Phase shift and time delay are thus synonymous.

It will benefit the reader's understanding of the following description to note
that both "electrical tilt" and "mechanical tilt" may be controlled and/or
adjusted either by electrical means, or by mechanical means, or both means,
such that, for example, mechanical movement of parts may be used to
implement electrical phase adjustment in which the antenna elements

themselves are not physically moved to adjust the position of the boresight.

In Figure 2, the antenna assembly of a known antenna system incorporating a
mechanical means of adjusting the angle of electrical tilt is shown in
schematic block form generally at 10. The antenna assembly is a phased
array antenna consisting of an array of twelve elements-or dipoles E1 - E12

which are arranged into three sub-arrays labelled A, B and C.



devices 12, 16, connected to sub-arrays A and C respectively, are variable
del ay devi ces, each of which is operable to shift the phase of the RF
signals woppls@ds t o sub-arrays A and C respectively, by &CrayBoalokseanount .
The first and third delay devices 12, 16 can apply phase shifts of,
typically, between 0 and 45 to the RF'1§i'gnaI supplied to sub-arrays A and
C and are adjustable by neans of a nmechanical arrangenent 20 such as that

shown in FLgyres 6 and 7 e hani ¢ arr.ange t 20 incl.udes neans,
shown reprgg‘gh§‘§{‘?¥/r@iyy°‘ap’g}mi%fesrafg%gtemﬁuﬁ’ “gfaﬂé(c"tqn&ﬁc'ﬁfl Phe phase
shift appli i | i ' d with
that appli eﬁﬂgy&[ ﬁéﬁﬁfr%ggﬁ%getpﬁgé%g\[ﬁ'}gg%?s&%fﬁﬁg %JH&%% asgﬁgﬁiﬂ.? appl i ed
to the RF sjgpgldeviRiés1ne 14l 8! T delbPidedices!12y 198M6c@mprise 16 is equal in
magni t ude but opposite in polarity. n other words, 1f the first delay
device 12 stirfvientibhsl mbelsnicd] phase admsmhentaneghanésing of ehebeypershpwah iy +45,

then the third delay device 16 shifts the phase of the signal supplied to
sub- array Figures9 andslQ and desssib¢ddaifustheridetad delawi A radio fragudatay devi ce,

1570 OB AL T s VR ST
lectrical PieenttchtnErompdRiny KITE G, S0eh 18 vari e by 50 for 45
of phase shift per sub-array. This gives a tilt sensitivity of

approxi mately 181 of phase shift per degree of electrical tilt. In this

exanpl e, . t1The ¢hmotion of theeddlde d&Ficed YDal4, B6/td adjustothe phase beviee RFand C
differ by 901, the electrical tilt of the antenna assenbly is approximately

50. The di signali supplied ¢b ¢be réspactive sub-afray e, Bnehya predetenininedlepends on
the polarity of the phase shift applied to the signals supplied to the
sub- arr ays. apgepte {he second delay device 14, connected to the centre sub-array B, is
a fixed delay device, arranged to shift the phase of the signal supplied to
sub-array B by a fixed amount. On the other hand, the first and third delay
devices 12, 16, connected to sub-arrays A and C respectively, are variable
delay devices, each of which is operable to shift the phase of the RF signals

supplied to sub-arrays A and C respectively, by a variable amount.

The first and third delay devices 12, 16 can apply phase shifts of, typically,
between O and +45° to the RF signal supplied to sub-arrays A and C and are
adjustable by means of a mechanical arrangement 20 such as that shown in
Figures 6 and 7. The mechanical arrangement 20 includes means, shown
representatively at 22, for reversing the direction of the phase shift applied to
the signal by the third delay device 16 compared with that applied by the first
delay device 12. Thus, the phase shift applied to the RF signals by the first
and third delay devices 12, 16 is equal in magnitude but opposite in polarity.
In other words, if the first delay device 12 shifts the phase of the signal
supplied to sub-array A by +45°, then the third delay device 16 shifts the
phase of the signal supplied to sub-array C by -45°. As the second delay

device 14 is a fixed delay device, in practice a phase shift is applied to the



signal to the upper sub-array (in this case sub-array A) has a positive
phase and the | ower sub-array (in this case sub-array C) has a negative
phase shiwD,03/084786 angl e of electrical tilt will be positiwer/droe/o4smbove t he

normal boresight |line. For phase shifts of opposite polarity the angle of
electrical tilt will be negative. The Bmtenna assenbly of Figure 2 suffers
froma nunber of disadvantages. |In particular, manual adjustnent of the

mechani cal arrangenent 20 is regquired. tq adjyst the phase shjft applied by
the first aﬂanﬂrﬁupaha@ﬁ%yuh@&w whish iy fne; megiagent the Sbgﬁsyan @dawgﬁae of
electrical tilt qf.the antenna assenbly. Moreover, owing to the provision
of a commnﬁ%(?ﬁaﬁpgaldega(ﬁ g%‘flﬁ?ésnfi rangenent 20, the magnitude of the
phase shifts applied by the first and third delay devices 12, 16 is al ways
equal in magnitude and opposite in direction (polarity), thereby limting
the tilt of Théengetselectfieaerilof suth ana@inaCisetbp SipillyoRgidseiel is

I ncreased relative to that of the boresight. As a consequence, the gain of
t he ant ennata@Sstortt-¢5? of phasalskifit peyessnbsdryay.r dthic gives \ARi10 3¢MEHVIDH of

PCT/ GB02/ 04166 -16 In Figure 3, a preferred formof_ antenna system
accor di ng taPRIABIM3EBNLS bAf phasesHulirper deprascef ¢leetricgbHlty A thisas 100. 1 n

LEi)ineS? "o aen estiore Sier e RERiEWls SIS alewibis Aol Conpr ses a
Upan an ant SRR S clbtdd! dif LEInEh s ERIT T, Soxifaely 3517

arranged i nmrRe Uirecasi of Eled¥bcal @t of! HeSAntemil Qs{séﬂﬁbl)'lﬁ ndé%ﬂoﬂaiei;&d'lsriﬁl enent s
El to E4, and a |l ower sub-array 100B conprising €l enents E5 to E8. "The

el ement s i nofethelphnake shift apiliel toathe signals supplied to the sub-arrays. Where the

signal to the upper sub-array (in this case sub-array A) has a positive phase
and the lower sub-array (in this case sub-array C) has a negative phase shift,
the angle of electrical tilt will be positive, i.e. above the normal boresight
line. For phase shifts of opposite polarity the angle of electrical tilt will be

negative.

The antenna assembly of Figure 2 suffers from a number of disadvantages.
In particular, manual adjustment of the mechanical arrangement 20 is
required to adjust the phase shift applied by the first and third delay devices
12, 16 in order to vary the angle of electrical tilt of the antenna assembly.
Moreover, owing to the provision of a common mechanical adjustment
arrangement 20, the magnitude of the phase shifts applied by the first and
third delay devices 12, 16 is always equal in magnitude and opposite in
direction (polarity), thereby limiting the tilt of the antenna assembly. In
addition, the side lobe level is increased relative to that of the boresight. As
a consequence, the gain of the antenna assembly is disadvantageously

reduced.



100A, 100B, are connected in parallel to respective signal distribution
means in the formof distribution networks 151 N 1, 151 N2. The

di st ri butwor3/osgssor ks 151N1 and 151N2 are fed through carciraBokionwss 120,
122 respectively, and will be described in further detail hereinafter. The
ant enna assenbly 102 includes two i nput'orts represented by squares 112,
114, each of which is connected to the respective distribution network

151N1, 151N§b¥la the respectivye input carrier line 120, 122.. The, control
unit 104 al EHF 1 EsPT fir?é) I3 O @R SYSEThaTCARINg PiBe MYt Bison port

ol tter/ coM st i Dol Fer@thfyhs 00T HIRRGBER, 406 BneehBE ' 17 s: and
second SPl i byl 101 SorhgfisesliPanioind biimApdnaghonclhares aghitst e 152

134 respective I rst phase adqjuste 2 1S connecte I'ts out put

to input pood. The sitenma ddsefibly NpRicobgriles al pHased A6rayttirtshind evifgeaand
phase adjuster 134 is connected to input port 114 via a second i nput

f eeder |i nearrag.of Eightani¢rmants Ehés E8ahgunied upontdneamttnnae cquriariatadasti t h
signals fromthe control unit 104 through dual feeder lines. In addition

to the phas@idhoemenths elgmentsiEddo K angarranged inteitwe sehdrayssan
dj ust 132, 134, addit I h j ust t 50E1 - 150E8
rbvi ded i nibher Sibsaaey 0PA" EomBise PR B ot ot doyer sitaray” ©
ddi ti onal 7 adjust 50E1 -
iSO:EBI ? gﬁi né@%?oﬁﬁjrq ryﬁﬁ?ﬁ g@ﬁ%%ﬁ?a ' gﬁ%seéagg?ﬁslp drréggﬁ dﬁpgrﬁgg%en of the

type descri bggAi n100B! bietomiricald inbgirale] 1 felpé@iversgra distrdutiBRméEdmure 9
or 10. Each of the nechanical phase adjustnent arrangenments 150E1 - 150ES8
serves to fin theeforadpfudistritneiqnheeteonks 151 Nball§1NQpAheadistributioa i ndi vi dual
el ements in each sub-array 100A, 100B, as .

networks 151N1 and 15IN2 are fed through carrier lines 120, 122

respectively, and will be described in further detail hereinafter.

The antenna assembly 102 includes two input ports represented by squares
112, 114, each of which is connected to the respective distribution network
151N1, 151N2 via the respective input carrier line 120, 122. The control
unit 104 also includes an input splitter/combiner unit 125, the common port
to which is connected to the output of a single RF port 126. The input
splitter/combiner unit 125 has two ports which are connected, via first and
second splitter lines 128, 130, to first and second phase adjusters 132, 134
respectively. The first phase adjuster 132 is connected at its output to input
port 112 via a first input feeder line 136 whilst the second phase adjuster 134
is connected to input port 114 via a second input feeder line 138. The antenna
assembly 102 is therefore provided with signals from the control unit 104

through dual feeder lines.

In addition to the phase adjustment implemented by the first and second phase
adjusters 132, 134, additional phase adjustment means 150E1 - 150E8 are

provided in the signal path to each element of the assembly, each additional



Is controlled by means of a servo notor 101 under the control of a servo
controller 103. The servo controller 103 controls the servo notor 101

t hrough awowmas@be cabl e 206, which may be of sufficient | @cgtdBigo4tshat t he
servo controller 103 may formpart of the control unit 104 |ocated renotely
fromthe antenna assenbly 100. The distYibution networks 151 N 1, 151 N2 -
are shown in further detail in Figure 4. The first distribution network

Ui T pi i G5 GaBIER DReRe 0l 150ERRkingdRe fim et pebtic " o
d spl * S e P fe i nput
765, whi ch ERerA BB GRr Tyl of e IR (SCEREd MRMBLACERTRNE M equa

strength t ayfh r8eResdd tbSifit® Mbuteh® ok 1105 Ea@R Gftthé mikchaiichl pRiseconmbi ner
units 116A, 1 16C. The first and third splitter units 116A, 116C, further

di vi de t he xijgnalens arrahgémentsH 50B1v+ t8GES sesies ao duthenadjustuthp phassofinal s of
substantial ly equal strength to a respective one of the phase _adjustnent
means 150Els1gmals_swmzhedn®e3@emdwmdttﬁlﬁ¢mW§ i gaek swlrarraysHIQA, 10B.tatke | oner

oo 50 W abedR5onited Y SR Bk IR B cPRLelbfe el ®
the array, s 3037 38%seh i BhodbBi 10 bORRQS InE 3B IO the beam
pattern is &P&gﬁ%oh&opemetzmwﬁiéh WOB%BFBMC@HQ%gtﬁ%B%ﬁﬂ fhg to

Figures 3 and 4, In operation a signa e transmtted by the antenna
systemis fegvd conrbher RB3 paayt fokROpan ofhike coptrd]l wiit 104 loced rembicly er WO

03/ 036756 PCT/ GB02/04166 -18 unit 125. The input splitter unit 125 splits
t he signal framothevantenrtaassembipné08. of equal strength and supplies one
split signal to each of the first and second
The distribution networks 151N1, 151N2 are shown in further detail in
Figure 4. The first distribution network 151N1 associated with the upper sub-
array 100A includes first, second and third splitter/combiner units 116A,
116B, 116C respectively. The input carrier line 120 supplies a signal to the
second splitter/combiner unit 116B, which supplies first and second output
signals of substantially equal strength to a respective one of the first and third
splitter/combiner units 116A, 116C. The first and third splitter units 116A,
116C, further divide the signal so that each provides first and second output
signals of substantially equal strength to a respective one of the phase
adjustment means 150E1 to 150E4. The second distribution network 151N2
for the lower sub-array 100B includes an identical arrangement of splitter
units 118A, 118B, 118C. The arrangement of splitter/combiner units 116A-
116C, 118A-118C ensures an equal power distribution to each element E1 to

E8 of the array, and thus also ensures maximum boresight gain and that the

beam pattern is the same in both transmit and receive modes.

Referring to Figures 3 and 4, in operation a signal to be transmitted by the

antenna system is fed from the RF port 126 to the input of the input splitter



phase adjusters 132, 134 respectively. The first and second phase adjusters
132, 134 are operable to adjust the phase of the signal supplied thereto
within awoangs76d 60. Each phase adjuster 132, 134 is comCraiBoed4s6Ch
that, if the first phase adjuster 132 is arranged to apply a positive
phase shift to the RF signal, the secdfia phase adjuster 134 is arranged to
apply a negative phase shift to the signal, and vice versa. However, each

' E‘éiit Ed’i oS iy ﬁij?pﬁt?etrad'it”ﬁ%%%p“?taﬁﬂgéﬁn%tgﬁg?e&@ﬁ% iy ?Sﬁ by
_ ot ? PRACE™
Fiv st phasoiaiat Soe R 2R SppliE} Bl spiy HanA B RCA U b Ao AEeceh8T | 00 o

assenbl y 1%@%& adfufitert 182! 1880680ectiva9, 1BRe firStl dfid ficbid phase afjaserad] ust ed

signal fro e second phase adjuster“134 is supplied to the input port
114 vi a t hel3¥gdaddareap@eable itmadjuiddthe phaseafithe sigriahsuppliedstheretd veitliand
feeder lines 136 and 138 can be nmde as Iong as desired so_that the
control neansangesoff 41608dEach phase adjustay 182 of 3¢liseontreligd syqh that, if ke

ant enna assenbly 102 can situated, in a |ocati.on renote.fromt ant enna
ey y | iGet Phass AL 453 k7 PHBES! napaly AupptiNe Pheve sTHthto b RE 112 114

e SuPnl otoR o RO R R A% ih Aok RBY o SBRHLE ek RRE, 122 O
first pri MY Ithd §fhat! fyn;d vidd OBrs3e MBWeler, Shkch (pHabe adjudidlis §Pra_ﬁ%€’d
supplies the split signdl fromits two outputs to the elenents i

sub-array 1gQMjidtahé phastPoLthesdignArsupplied thert®r indeperdenilytb, thid e and t he
associ at ed phaSe adj ustnent arrangenents 151E1 to 150E4. WD 03/ 036756

PCT/ GB02/ 04hagnitudedofSihei plase phift applisscy dagh phaseyadjustenmayybes@ifferert. uni t
11 8B serves to split

The phase shifted signal from the first phase adjuster 132 is supplied to the

input port 112 on the antenna assembly 102 via the first feeder line 136.

Similarly, the phase adjusted signal from the second phase adjuster 134 is

supplied to the input port 114 via the second feeder line 138. In practice, the

first and second feeder lines 136 and 138 can be made as long as desired so

that the control means 104 for adjusting the angle of electrical tilt of the

antenna assembly 102 can be situated in a location remote from the antenna

‘assembly itself.

The phase shifted signals supplied to input ports 112, 114 are supplied as
signals Sa and Sb, on the input carrier lines 120, 122, to the first and second
primary splitter units 116B, 118B respectively. The first primary splitter unit
116B serves to split the signal Sa and supplies the split signal from its two
outputs to the elements in sub-array 100A via the upper sub-array splitter
units 116A, 116C and the associated phase adjustment arrangements 151E1
to 150E4.



signal Sb and supplies the split signal fromits two outputs to the

elenments in sub-array 100C via the |lower sub-array splitter units 118A,

118C and wbas/nagseci at ed phase adj ust nent arrangenents 15PEF/GB9205BE8. The

manner in which the signals Sa, Sb are split and distributed to the

el ements in the antenna assenbly w || iWedi at el y be appreciated by those

skilled in the art fromthe way in which the splitter units are

i nt erconnecf.ed, . That he signa stren of the t si gnal

outputs forSEIlY. tﬁ%rsefn‘?ﬁ Prigary sy a§{ﬁ¥s§ GFM&% ]sertv%?o B?V\Rt[ he i nput

signal stre T : .eds 10 each
{igﬁégg% gﬁ'@ E%é@?essﬂlg ré?ht Pl%ééleﬂgh{]ltg) }‘:WB rb%éﬁtgg B3 the LeRlengdir ¢

el enment El ant1 al samne I's an alternative
enbodi ment &y éﬂ?ﬁ‘% 1900l tRe '_fd)\gé'f gso-&ra?%pﬁnet ﬁnnmﬂg}a theCadticethea assenbl y
102 includes eight antenna elenments El to E8 arranged in three sub-arrays;
an upper sudssaciated P4 adjustmenngrramgemmeras 161 EfeotlSOE8.t o E3, a centre
sub-array 100B including E4 and E5 and a | ower sub array 1000 i ncl udi ng
antenna el enments E6 to E8. Each of the el errents to E4 (i.e. three

el ements of_the upper syh-array 100 one af the centre
sub-array ﬂib‘B}nWe%'é‘H ch the g‘é?l?%u& d‘Her?B %rll[’weii,to Bis

provi ded w t.h _an ad p -

respectwel?’ TERES, I %%taﬁlgearga #g%ﬁgﬁp{gﬂﬂxﬂ%&td ﬁg@n&i @Iﬁélraéegcp éhn%sr?ts of the
| ower sub- AR FFrAR_NE way 'R WhiFEAE %pﬁ&elt ﬁﬁug &R frﬁe&HHn@Jté@y 100B)
Is fed by t e ot her dlstr utiron’network 15 2, and I's provided with an
associ at ed THal is| Gieedighilasieengdh uf easinof theam‘o i@ﬁ%ﬁd@ﬁ&&olr@smmlrmﬁty The
phase adjusted signals to the centre sub-array el enents, 150E4 and 150ES5,
are deri vedwily bssubstantiglly balfi thatof thﬁrlﬂplil&SlgnalmIEngﬂneTlms tm@S@nﬂbut
signals fromthe first dlstrlbutlon net lgé nd o out put
signal s frostrengie of dbe signal sepplisd: tosach %?' 1s,§iu S@B Yl of the
two signal Ssz;[rge

Figure 5 is an alternative embodiment to that shown in Figures 3 and 4, in
which the antenna assembly 102 includes eight antenna elements E1 to E8
arranged in three sub-arrays; an upper sub-array 100A including antenna
elements E1 to E3, a centre sub-array 100B including E4 and ES5 and a lower
sub-array 100C including antenna elements E6 to E8. Each of the elements
E1l to E4 (i.e. three elements of the upper sub-array 100A and one element of
the centre sub-array 100B) is fed by the distribution network 151N1, and is
provided with an additional phase adjustment means 150E1-150E4
respectively. Each of the elements E5 to E8 (i.e. the three elements of the
lower sub-array 100C and one of the elements of the centre sub-array 100B)
is fed by the other distribution network 151N2, and is provided with an
associated additional phase adjustment means 150E5-150E8 respectively. The
phase adjusted'signals to the centre sub-array elements, 150E4 and 150ES,
are derived by spatially combining, in air at 160, one of the output signals
from the first distribution network 151N1 and one of the output signals from

the second distribution network 151N2. Air combining of the two signals to



WO 03/ 036756 PCT/ GB02/ 04166 -20 derive the inputs to the centre sub-array
100B occurs after the output signals fromthe distribution networks 151N1,
151N2 haweopams@se t hr ough t he associ ated phase adj ust nentPCarGrnRgersent
150E4, 150E5. The distribution networks 151 N 1, 151 N2 in Figure 5 may

I nclude substantially identical spli tid- arrangenments to those shown in
Figure 4. Thus, the outputs fromthe first splitter unit 116A of the first

distribution network 151 feed el enents and E2, and one of .the outputs
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net wor k 151a§\dbcfa€&ﬂ€h@§eeﬁj’un§tnﬁﬁt arrghgerh@it ¥50R41e15oms out puts from the third
splitter unit 118C of the second distribution network 151 N2 feed el ements
E7 and E8, and one of the outputs fromthe first splitter unit 118C feeds
elenment E6. As the feeds to elenents E4 and_E5 are interchanged, one of

t he out put sThe glistribation netwerksi 13181, ulkd1N2 i Brguse 5 meydncdodel di stri buti on

network 151 N2 feeds el enent E4. An advantage js obtained_py spatially
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tilted. Figsplétey wlions6@ feeds élemeat ST Mat the feediorddiorizhtsok4 i@ ENagnna
assenbly, in the formof a triple-sub group, variable electrical tilt

assenbl y. Tintemhapgedhin desiEigore S Bitbddimient] ethe tseedndeowtpatrfnons thefthitd E12,
divided into three sub- o
splitter unit 116C of the first distribution network 151N1 feeds element E5.
Similarly, the two outputs from the third splitter unit 118C of the second
distribution network 151N2 feed elements E7 and E8, and one of the outputs
from the first splitter unit 118C feeds element E6. As the feeds to elements
- E4 and ES5 are interchanged, one of the outputs from the first splitter unit

118A of the second distribution network 151N2 feeds element E4.

An advantage is obtained by spatially overlapping two of the elements from
the upper and lower sub-arrays 100A, 100C to derive the inputs to the centre
sub-array 100C, in that the phase distribution across the array elements is a
closer approximation to a linear distribution. Higher boresight gain and lower
side-lobe levels can therefore be achieved, particularly when the antenna is

electrically tilted.

Figure 6 shows a further alternative embodiment of the antenna assembly, in
the form of a triple-sub group, variable electrical tilt assembly. The antenna
assembly 102 includes twelve elements, E1 to E12, divided into three sub-
arrays 100A, 100B, 100C such that each sub-array includes four elements,
E1 to E4, E5 to E8 and E9 to E12 respectively. Similar parts to those shown



arrays 100A, 100B, 100C such that each sub-array includes four elenents,

El to E4, E5 to E8 and E9 to E12 respectively. Simlar parts to those shown
WO 03/ 036wbe3@§erseB02/ 04166 -21 in the enbodi ments of Fi guT&B03/08165 are
indicated with |ike reference nunerals, and will not be described in
further detail. The input carrier |ines?'120, 122 feed respective signals
Sa and Sb to primary splitter units 140A, 140B respectively, each of which
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adjusted differentially (i.e. at opposite pol arit the phase of the

signal s out pRNEs{Ed: thea senmidniaputiof theldmbiakpogit!l2de 108 is the nedian of

t he phases of Sa and Sb. Furthernore, the conbiner unit 124 provides the
medi an of the phases of signals Sa and Sb

The combiner unit 124 is operable to output the vector sum of the two signals
on an output carrier line 108. As the signal strength of each of the signals
input to the combiner unit 124 is half that of the signals Sa, Sb, having been
halved by the first and second primary splitter units 140, 140B respectively,
in combining the signals output from the first and second primary splitter
units 140A, 140B, the signal output by the combiner unit 124 has the same
signal strength as either of the signals Sa, Sb. In addition, since the
combiner 124 unit generates the vector sum of the two signals Sa, Sb, and
since the phase of the signals Sa, Sb has been adjusted differentially (i.e. at
opposite polarities), the phase of the signals output by the combiner unit 124
along line 108 is the median of the phases of Sa and Sb. Furthermore, the
combiner unit 124 provides the median of the phases of signals Sa and Sb

without any loss of the signal power to sub-group 100B.

The combiner unit 124 provides the vector-summed signal on the carrier line
108 to the second distribution network 151N2, which in turn provides signals
to each of the elements E5 to E8 through the associated phase adjustment

means 150ES to 150E8. This configuration provides a further improvement



wi t hout any | oss of the signal power to sub-group 100B. The conbi ner unit
124 provides the vector-summed signal on the carrier line 108 to the
second diwOrBlsd7s©Nn networ k 151N2, which in turn provi desPsirgrbko41660 each
of the elenents E5 to E8 through the associ ated phase adjustnment neans
150E5 to 150E8. This configuration pro#fdes a further inprovenent WO

03/ 036756 PCT/ GB02/ 04166 -22 in phase linearity, as the output fromthe
combiner unit 124 is the avera
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first and s@bordtiay hbhﬁﬁnmimg)hhé@&fféréﬁ& betvdencthbcasri¢reBixsaci20,e one of
the input carrier lines 120, 122, and each of the splitter units 140A,

140B producE®.two out put signals. The first output signal fromthe first
splitter unit 140A is supplied to a phase shift unit 170A of the first
di stribution network 151Nl to apply an additional phase shift, typically
bet ween -45_.and
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splitter units 140A, 140B produces two output signals. The first output signal

from the first splitter unit 140A is supplied to a phase shift unit 170A of the

first distribution network 151N1 to apply an additional phase shift, typically

between -45 and -60 degrees, to the signal from the primary splitter unit

140A. The phase shifted output signal is provided to a splitter unit 116B

forming part of a splitter arrangement 116A, 116B, 116C of the kind shown

in Figure 4. The splitter arrangement 116A, 116B, 116C provides output

signals to the phase adjustment means 150E1-150E4 respectively, so that

each element receives a signal of substantially equal strength.

A second output from the splitter unit 140A is provided to a further splitter
unit 172A forming part of the second distribution network 151N2, which
splits the input it receives into a first output signal which is provided to one
input (A) of a first quadrature hybrid combiner unit 174A and a second
output signal which is provided to an input (A) of a second quadrature

combiner unit 174B.

The second splitter unit 140B provides a first output signal to a further
splitter unit 172B forming part of the second distribution network 151N2.



unit 172A formng part of the second distribution network 151 N2, which
splits the input it receives into a first output signal which is provided
to one iwWpwB/O§Ays of a first quadrature hybrid conmbi ner ulCI/GBMMAd@mRd a
second output signal which is provided to an input (A) of a second
quadrature conbiner unit 174B. The set®hd splitter unit 140B provides a
first output signal to a further splitter unit 172B form ng part of the
second di strjbytion network .1l . WQ 03/ 036756 PCT/ GB02/ 04166 -23 The
Furtner spi Thedurdifs it [P pcodides an it sghal toa LMLt (B
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quadrat ure mhﬁgj’adﬁﬂhfré Sthbther WidB1 Mpvi des first and second out put
signals to two elenents of the centre sub-array 100B: the first quadrature
conmbi ner unit 174A provides signals to elenments E5 and E6 and the second
quadrature conbiner unit 174B provides signals to elenents E7 and E8. The
first and sBeemaf theafirsitandesecondignedrauretconibingr unity 4B4And 748 prowidesase of

signals proyided to elenments E5 to E8 is the ayverage of the phase of the
signal s on %Llﬁ% ainiqpﬁﬁFOE‘iPPF[&t SFgﬂ@i%toltZ’m elements-gf thessentrs sub-amay HO0Bower f ed
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second phase shift unit ( ormn art of the't _ tion network
151IN3. The ekawnts Bragd B8 The fitst and’ SRoABRJuadfaterePEREBinePiuhits 74,45

degrees (i.e. opposite polarity to phase shift unit 170A) to a splitter
uni t 174B ensure the phase of signals provided to elements E5 to E8 is the
average of the phase of the signals on the input carrier lines 120, 122. For
example, as the power fed to element E5 decreases, the power fed to element
E6 increases so that the total power fed to the elements ES, E6 remains

substantially constant.

A second output signal from the second splitter unit 140B is passed through a
second phase shift unit 170B forming part of the third distribution network
151N3. The second phase shift unit 170B applies a phase shift of +45
degrees (i.e. opposite polarity to phase shift unit 170A) to a splitter unit
118B. The splitter unit 118B forms part of a splitter arrangement 118A,
118B, 118C, of the kind shown in Figure 4, and provides output signals to
the phase adjustment means 150E9-150E12 respectively of the elements E9 to
E12 of the lower sub-array 100C.

Figure 8 is an alternative embodiment of the invention, in which the antenna
assembly includes five sub-arrays 100A-100E (i.e. a quintuple sub-array

assembly), wherein the third and fourth sub-arrays 100B, 100D are obtained
by spatially overlapping elements of a three sub-array assembly, such as that

shown in Figure 6, similar parts to those shown in Figure 6 being indicated



11 8B. The splitter unit 11 8B forns part of a splitter arrangenment 118A,
118B, 1 18C, of the kind shown in Figure 4, and provides output signals to
t he phasewadpst7sent neans 150E9- 150E12 respectively of tir€eTaiBoomes E9 to
E12 of the |l ower sub-array 100C. Figure 8 is an alternative enbodi nent of
the invention, in which the antenna a28enbly includes five sub-arrays
100A- 100E (i.e. a quintuple sub-array assenbly), wherein the third and

fourth sub-arrays 1Q0B, 100D are tained b atjally . overlappin
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a third distribution network 151N3 al ong output carrier line 110, .and a
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array. One @trivufionddtRoik $50Nal s 180A fromthe first distribution network
151Nl is spatially overlapped with one of the output signals 180B fromthe
second distribution network 151N2 by conmbining the signals in air, to

provide the signals to the ] '
Each distribution network 151N1, 151N2, 151N3 provides four output

signals, each one of which is provided, through an associated phase
adjustment arrangement 150E1-150E12, to an element of the array. One of
the output signals 180A from the first distribution network 151N1 is spatially
overlapped with one of the output signals 180B from the second distribution
network 151N2 by combining the signals in air, to provide the signals to the
elements, E4 and ES, of the sub-array 100B. Similarly, one of the output
signals 180C from the second distribution network 151N2 is spatially
overlapped with one of the output signals 180D from the third distribution
network 151N3 by combining in air, to provide the signals to the elements,
E8 and E9, of the sub-array 100D. The configuration in Figure 8 provides a
further improvement in phase linearity across the elements E1-E12, and
further improves boresight gain and side-lobe suppression when the assembly

is tilted electrically.

In practice, the distribution network 151N1 in Figure 8 may include the
splitter arrangement 116A, 116B, 116C and the phase shit unit 170A of the
Figure 7 embodiment, and the third distribution network 151N3 may include
the splitter arrangement 118A, 118B, 118C and the phase shit unit 170B of



el ements, E4 and E5, of the sub-array 100B. Simlarly, one of the output
signals 180C fromthe second distribution network 151 N2 is spatially
over | appesowsids7ome of the out put signals 180D fromthe tRCTGRIZOINHbUt | ON
network 151IN3 by conbining in air, to provide the signals to the el enents,
E8 and E9, of the sub-array 100D. The &3nfiguration in Figure 8 provides a
further inprovenent in phase linearity across the elenents El1-E12, and
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118B, 118C and the p It unit 170B of WO 03/ 036756 PCT/ GB02/ 04166 -25

the Fi gure preeiveni withtrefdiegce Biguee 7unit 24 and the second distribution
network 15IN2 may include the first and second splitter units 172A, 172B

and the first and second quadrature conbiner units 174A, 174B, as descri bed
previously with ref eren(r:ﬁ: to Figure 7. Figures and_10 illtqlkfgstrate known
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of dielectric material beneath the fransm ssion |ine. The nechani cal
adj ust mrent mmmbergefelemelin the antenna assembly).

In Figure 9, mechanical adjustment of the phase of a signal on a transmission
line is achieved by linear movement of an element of dielectric material
beneath the transmission line. The mechanical adjustment arrangement 601
includes a base plate 602, across which the transmission line T to the antenna
element runs, and a generally planar plate of dielectric material 604 disposed
between the base plate 602 and the transmission line T. The plate of
dielectric material 604, commonly termed a "wedge", is generally
rectangular with a triangular or V-shaped segment 606 cut away from one
longitudinal edge thereof. The wedge 604 is movable relative to the base
plate 602 and the transmission line T in a direction, shown by arrow A,
generally transverse to the transmission line T. Owing to its shape, linear
movement of the wedge 604 causes a greater or lesser amount of dielectric
material to be interposed between the tr’ansmiséion line and the base plate
602, thereby causing the propagation velocity and, hence, the phase of any
signal on the transmission line T to be shifted by an amount dependent on the
linear position of the wedge. Such linear movement is usually effected by a

linear actuator in the form of a servo or other motion transducer.



I ncludes a base plate 602, across which the transmssion line T to the
antenna elenent runs, and a generally planar plate of dielectric materi al
604 di sposed3/ob@ssmeen t he base plate 602 and the transm s®CorGBiel6d. The
plate of dielectric material 604, commopnly terned a "wedge”, is generally
rectangular with a triangular or V-shap%%l‘segrrent 606 cut away from one

| ongi tudi nal edge thereof. The wedge 604 is novable relative to the base
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signal on the transmssion line T To be shi y ‘an anount- dependent on
the |linear position of the wedge. Such linear novenent is usually effected
by a linear_actuator in the formof a servo or other notion transducer. WO
03/ 036756 PEZWBIL) shovesa mezpbamical phasgradjestmenhsrrapgémentappfereat too t he
signal on the tragnsmgssion.line T i
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transm ssion i y means o rotary novement of engt h of
transmi ssi ofixed limedangdi. t Thehirangemerd70 DirtluddsxEBadel plate POWHA tog BE
arrangenment 701 includes a base plate 702 on top of ‘which is a layer of
diel ectric mdteh isad layes of didlesteit metegiah 708. tA divsedi lsngibnof tramsmiksibar s a

transm ssi on Iin? with the base plate 702 and the dielectric )
Iine T forms a transmission line with the base plate 702 and the dielectric

layer 704. The transmission line is discontinuous to form two portions of
transmission line T1, T2, the first portion T1 extending across the dielectric
layer 704 to form a circumferential quadrant of a circle having radius R and
the second portion T2 extending across the dielectric layer 704 to form a

circumferential quadrant of a circle having radius, r.

A planar disc of dielectric material 706 is disposed over the transmission line
T and is rotatable relative thereto about an axis coaxial with the centre of the
circle defined by the first and second portions of the transmission line T1,
T2. The dielectric disc 706 carries a U-shaped length of transmission line U
having a first arm, U1, defining a circumferential quadrant of a circle having
radius R and a second arm, U2, defining a circumferential quadrant of a

circle having radius r.

The transmission lines T, U are coupled together via the dielectric disc 706
and phase adjustment of a signal on the transmission line T can be effected by

rotating the dielectric disc 706 to adjust the position of the transmission line



| ayer 704. The transm ssion line is discontinuous to formtwo portions of
transm ssion line T1l, T2, the first portion Ti extending across the

di el ectriwo oBaygs6 704 to forma circunferential quadrant @®@CTs&GRIRI0EI66 havi ng
radius R and the second portion T2 extending across the dielectric layer
704 to forma circunferential quadrant?’sf a circle having radius, r. A

pl anar disc of dielectric material 706 is disposed over the transm ssion
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defining a circu rant of a circle having radius r. The

transm ssi qhelphagsofla sigraul eapdetpbye ¢thd ngasission nd.he di el ectric disc 706
and phase adjustnent of a signal on the transmssion line T can be effected
by rotating the dielectric disc 706 to adjust the position of the

transm ssion |ine WO 03/ 036756 PCT/ GB02/ 041 - 27 rel ative g .t he
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ar r angenentthefopposite quadiaat of irediekctiic disel W e The phage shiftrapplied topposi t e
guadrant of the dielectric disc 706, The phase shift agpl led to
each antenna element, or each sub group of elements, can be set either by the
radius of the transmission line T, U on each disc, the mechanical coupling

between the transmission lines or by both means.

Figure 11 illustrates an alternative embodiment of the invention, in which the
arrangement of splitter units is a so-called “family tree” configuration, which
allows signals of equal strength to be supplied to each of the elements in the
assembly. Such a configuration is appropriate where the phase adjustment of
individual antenna elements is present, since a cosine squared voltage

distribution is not necessary to maximise boresight gain.

In this particular embodiment, the antenna assembly consists of eight
elements E1 to E8; upper sub-array 100A comprising elements E1 - E3,
centre sub-array 100B comprising elements E4 and ES and lower sub-array
100C comprising elements E6 to E8 (i.e. a triple sub-array system).
Remote adjustment of the angle of electrical tilt of the antenna assembly is
achieved by means of servo control of the mechanical phase adjustment .
apparatus, in combination with differential phase shift applied by electrical

means to the signals supplied to the antenna elements.



each antenna el enent, or each sub group of elenents, can be set either by
the radius of the transmssion line T, U on each disc, the mechani cal

coupl i ng.wolmaws@en t he transm ssion |ines or by both nmean®CTHiRpan€l68 1
illustrates an alternative enbodi nent of the invention, in which the
arrangement of splitter units is a so-t®1ed "famly tree" configuration
which allows signals of equal strength to be supplied to each of the
elenents in the assenbly. Such a configuration is appropriate where the
phase adjustnment of individual antenna elenents is present, since a cosine

PAIe vor TREBas-Slibs KRR bl 19k, ABERRARE tleOpPh MRS CRiRL Sh 0 ™
el ements El 139 tﬁé;ngeﬂrlfeJQn@tHeaﬂrs%%& seeomy gﬁééégacﬁﬁﬁgﬁniﬁ,@M‘%l% e

centre sub-array 100B conprising elenents E4 and E5 and | ower sub-array
100C conpr i of which sreeyhosvi6 supplies the figst and secohd phiabe shiiftey sigrefle8); Renote
adj ustnment of the angle of electrical tilt of the antenna assenbly is

achi eved byShrtatke bipus pouts 1d3ntdélviathe fiestrandirenondifeedentinesadpasi s@nt
apparatus, in conmbination with differential phase shift applied by.

el ectrical TesBegtEvelYy The mauperts Ky dildeapply e signals dnkhe BIRMRCATEer wo
03/ 036756 PCT/ / 66  -28.T base- st.at.i on. cont ol pt 1 .conpri sing
Che input oS TAh Haviaonesieh s The DS hed YsiaR §0andRy phdfi ifidf s ng
second phas ' nsnl | Les the
first and s‘gdcrg%lf%tﬁgs}zoéi\f?%’t ge%%su&)gﬁgﬁsfogg? m%gﬂltdgget%ﬂ%@?}:\\rg%ﬁryp rlt&gf_llz, 114
via the firgsitaits SERRsipbapaay. IThresplits uniidGre hemnged et that B i nput
ports 112, 114 apply the signals to the input carrier |Ilines 120, 122
r espect i vel gutpiihef fheafiest ahifseeohd pgnery sphttenunisb | 1601 1§is commectedctar ri er
lines 120, 122, are_ supplied to the first and second primary splitter

the input of a respective splitter unit in a second row of splitter units 116A,

116B, 118A, 118B.

The two outputs of the splitter unit 116A are connected to the antenna
elements E1 and E2 respectively via a first phase adjustment arrangement D1
similar to that shown in Figure 10. The first output of the splitter unit 116B
is connected to the antenna element E3 via a second phase adjustment
arrangement D2. The second. output of the splitter unit 116B is connected to
a first input of the combiner unit 124, as is the first output of the splitter unit
118A. The combiner unit 124 has two outputs, each of which is connected to
the elements E4 and ES via the second and third phase adjustment
arrangements D2, D3, respectively. The second output of the splitter unit
118A is connected to the element E6 via the third phase adjustment
arrangement D3 while both outputs of the splitter unit 118B are connected to
the elements E7, E8 respectively via a fourth phase adjustment arrangement
D4.



units 116, 118 respectively. The splitter units are arranged such that each
output of the first and second primary splitter units 116, 118 is connected
to the iwpuwB/oai75@ respective splitter unit in a second r @@TABOPII6Ht er
units 116A, 116B, 118A, 118B. The two Qutputs of the splitter unit 116A
are connected to the antenna el enents T and E2 respectively via a first
phase adjustnent arrangenent DI simlar to that shown in Figure 10. The

fi t t f th ljt.t it,.116B . i ted to th t I t
£3'via a seloRiEuRdde riatioBfdhe disss in dh RBHE 1930StFicat SHEBREMOBRLALL of the
litt | I %08 1 ' | A | it 124,
20 15 the TIrRHEHRYEEPIRRIAL sherfere it dctiitlng 3k 0TRNNT ankl" 1,1
has two out gudefitri@d§ mBhnieal teleath oF e ESthAAg Idcs /0% & @BERRchakfcafnd ES via

the second and third phase adjustnent arrahgenments D2, D3, respectively.

The second phaspuidjwstmeheamphgdments 701t Lidebd Anosernemnefcthe dichatinigearal ement E6
via the third phase adjustnent arrangenent D3 while both outputs of the
splitter un2@Q0 megebeachievethdor edample, thyethe| seremmoter7 l0Esvhiek jrecti vel y via a
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actuating arm 200 may be achieve np e servo notor 101

which is cemangimeats Byl tebdsmay behwnSigived swol that hesveltdht of filge cont r ol
cable 206 can be of any desired |ength, enabling the servo notor 103 to be
control | ed faspeetive discs through the single control point results in a substantially

equal degree of rotation for each disc. However, different amounts of phase
shift may be applied to the signals to each antenna element depending on the
coupling between the transmission lines T, U in each of the phase adjustment

mechanisms.

Figure 12 illustrates a triple sub-array embodiment of the antenna system in
which the mechanical phase adjustment arrangement 601 connected to each
antenna element E1 to E8 is a mechanism similar to that shown in Figure 9,
and in which an increased number of mechanical adjustment arrangements
are required to implement individual mechanical tilt to each element E1 to
E8. In other words, the Figure 12 embodiment differs from that in Figure 11
in that there is an independent and separate moveable dielectric element
associated with each element E1 to E8. A servo motor 101 and a servo
controller 103 are provided, as described previously, and, again, remote
adjustment of the angle of electrical tilt of the antenna assembly 100 is
achieved by means of servo control of the mechanical phase adjustment
arrangements 601 through the control cable 206, in combination with
differential phase shift applied to the signals Sa, Sb, supplied to the antenna
elements E1 to ES.



| ocation renote fromthe antenna assenbly 100. The phase adj ustnent
arrangenents D1 to D4 nmay be configured such that novenent of the

respect i WeodB®a®s¢ hr ough the single control point resultsPCR/GB02/04166
substantially equal degree of rotation for each disc.  However, different
anounts of phase shift may be applied #& the signals to each antenna

el ement dependi ng on the coupling between the transmssion lines T, Uin

oo oty ay oTBE HRsaor SRNAR SupRIEn A8 Cach plemany E i B8 it eneltihy 35 phoce
ES8
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i ndi vidual nechanical tilt to each el enent rds, the

Figure 12 entradgershtsdonhectad fto ane Iovadr fonr El@ﬂérﬁs Eb - E8 drbatvdreed e i s an

I ndependent and separate noveable dielectric elenent associated with each
el ement El tompgredAtostins® comnested @ltheruppar feurveements Edito &4.103 are

provi ded, ag:@?lescri bed Brew ousjy and, again, renote adjustnment of the
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each elenento ER.to E8 is controlled by the |inear novenent of the

di el ectric wedge in each nechanism each of which is connected to an
actuating arm 200. It will be noted that the phase adjustnent

In order to retain maximum boresight gain and control of the side lobe levels
when the angle of electrical tilt of the antenna assembly is changed, each
antenna element may require a different amount of delay for a given
movement of the actuating arm 200. In the linear mechanical phase
adjustment arrangement, this may be achieved by changing the angle of the

V-shaped segment 606 of the wedge 604 (as shown in Figure 9).

It will be appreciated that the rotary mechanical phase adjustment
arrangement of Figure 10 may be used in place of the linear mechanical
phase adjustment arrangements 600 in Figure 12. Using the rotary
mechanical phase adjustment arrangements of Figure 10, a different amount
of delay for a given movement of the actuating arm 200 may be achieved by.
using a different radius for the transmission line mounted on each rotatable

disc.

Although the arrangement of the splitter units 116A-116C, 118A-118C and
combiner unit 124 in Figure 12 is different from that described previously, it
will be apparent from the foregoing description how this arrangement

distributes the signal strength across the elements E1 to ES8.



arrangenments connected to the lower four elenments E5 - E8 are reversed
conpared to those connected to the upper four elenents El to E4.
Consequerwby3/034756 ncr ease i n delay (a negative phase shif PrTaggRioedét o t he
signals supplied to the elenents El to E4 will cause a decrease in delay (a
posi tive phase shift) to be applied to"ihe signals supplied to the el ements
ES5 to E8. In order to retain nmaxi mum boresi ght gain and control of the
side | obe levels when the angle of electrical tilt of the antenna assenbly
i s changed, each antenna elenent may require a different anmount of del ay

for a giveng. t Of e 1:NGy: ar a4 he |1 near hani cal
phase adj u&g’lﬁﬁ%ﬁ%ﬁp&%&%ﬁﬁ}%ﬁ%@%ﬂg@ %l@cﬁ}l&vgr&ieg&%%gﬁegghsg&ﬁhoznangl e
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ar r angenent ygy ofdlm}rrﬁ)lé{@ty@ﬁem m_@t‘hbil_ ifpwell &afwri Q@d cbm@@sn ffechani cal
phase adjustnent arrangenents 600 in Figure 12. Using the rotary :
mechani cal (shecommunicatior systemsanigetiien¢sbodinténguthe driena astfdient anmount
of delay for a‘g%i ven novenent of the actuati ng arm 200 may be achieved by
usi ng a di f metudes arackief fQr erpesed dingle elemsAts ¢ hdo ketiireangsd inachrst
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enbodi ment and illustrates how the systemo
supplied to each array. The first and second arrays share the common feature

that the mechanical phase adjustment/splitter arrangements (referred to
generally as 1114 and 1116) to each individual element (where present) are
adjusted by means of a common servo mechanism so that both the first and
second array have the same angle of electrical tilt. Once again, the servo
motor 101 is controlled by a servo controller 103 which communicates with

the servo motor 101 via a control cable 206.

It will be appreciated that the means by which the actuating arm 200 for the

mechanical phase adjustment arrangements, 601, 701, 1114, 1116, is moved
need not take the form of a servo control arrangement 101, 103, but may the
form of an alternative arrangement which is operable from a location remote

from the actuating arm 200.

It will also be appreciated that the present invention provides an effective way
of remotely adjusting the electrical tilt of a phased array antenna. For
example, it is possible to control and/or adjust the electrical tilt from a base
station located at the base of the antenna mast upon which the antenna
elements are mounted or from a location several miles from the antenna

mast, as there is no requirement for manual adjustment of the antenna



t he present invention can be used with a dual -polarity antenna assenbly.
The use of dual polarity antenna assenbly is well known and comon in

t el econmmwD®aNBEO/6 systens. I n this enbodi nent, the ant enn&CagBdiohnse

i ncludes a stack of four crossed dipole _elenents C| to C4, arranged in a
first array of four elenments angled at2¥ 45 to the vertical and a second
array of four elenents angled at -450 to the vertical The fi rst and
second arrays are-_effectiv el ec |caII arat vi.dual RF

Feeders. 11 Aements shewsages. Satedied 15 Eenon FGHS Hie MdePehaEl P g
arrays shar | ~ nh

adj ust ment /Szlb‘f“%togoﬁg@%%‘ggﬁﬁﬂg galgmglﬁrlgz%%gnﬁgﬁeﬁg#tg %Eserribﬂf and 1116)
to each m%%xﬂﬂﬁé dptfeERihl éﬂ%@ra‘ﬂ RERSANGY sighals ta%eleamle Bib-aRAIySto0f @
comon servo nmechani sm so that bo h the first and second array have the
same angl e it gretudecs orily Itvo KRdepwgaiFurthiermose/ signalsud ehe tipper and
controlled by a servo controller 103 which communicates with the servo

not or 101 Jbwea subrarray cayabg phmeshlﬁtcdhymarmgmeesu wh@h arAott he means by

whi ch the actuating arm 200 for the_ nmechanical us ment
ar r angenenthecessatily gayal 11}1@28“‘5%&6 The Vﬁﬁt\‘}’ééum{'ég'ﬂ cfpet %ﬁ‘épﬁlﬁldm of a
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effective way r enot ting the electrical tilt of a phased array
ant enna. quequmg@_rrpl e, it |s p055| ble to control and/or adjust the
electrical tilt froma base station |located at the base of the antenna
mast upon which the antenna elenents are nounted or froma |ocation
several mles fromthe antenna . nmast, as there IS no re ulrert]ent for

manual adj uERereembiied mechanieal pad\aleeisicaleonseol mitheglestrie:

antenna system allows an optimum beam pattern for the antenna system to be

generated with maximum boresight gain and lower side lobe levels and,
moreover, such control is achievable from a location remote from the antenna
assembly, for example several kilometres from the base of the antenna mast.
The performance of such an antenna system is substantially improved

compared with existing systems.

It will be appreciated that although different embodiments of the invention
are shown and described as having a different number of antenna elements
(for example E1 to ES8 in Figure 5, E1 to E12 in Figure 6), any of the
embodiments may be adapted to include more or less antenna elements, sub-
grouped into an appropriate arrangement of more or less sub-arrays than
those shown, in a manner which would be readily apparent to a skilled person
from the description hereinbefore, whilst still maintaining the aforementioned

advantages.

Although the servo control mechanism 103 for the additional mechanical

phase adjustment arrangements 150E1-150En is shown as forming part of the



-32 elements thensel ves. Myreover, the invention allows the independent
phase shifting of signals to individual sub-arrays within the antenna
assenbl y wod3/oarsonati c differential phase adjustnent of ®CHrGEH/04wG6t he
centre sub-array to permt the use of only two RF inputs. Furthernore,
signals to the upper and |ower sub-art¥3y can be phase shifted by varying
degrees which are not necessarily equal in magnitude. The vector sunm ng

of the signals supplied .to the outer sub- ays by the conhiner upit 124

al l ows t he @%l@lk%lth@dneq%oﬂqtﬁ& @’@ﬁ@ﬁ%ﬁﬁ%swpﬁwﬂ%rﬁ?dﬂ%a fted

to the nedian, val ue thereo i I.r | i.cal and
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opti mum bea tRMpane%shemihee be generated with maxi mum
bor esi ght ggq‘ﬂa%‘ﬁngfﬁ%%éoiﬁle&?obe ev)eé?s ?n , horeover, such control is

achievable froma location renote fromthe antenna assenbly, for exanple

several kilonetres fromthe base of the antenna mast. The performnce of

such an antEhroaghyst the speciidasibantirafdrgndentor alectricalotild ashall b tthkeaxtiost i ng
systens. It will be appreciated, that although different enbhodjpents of the

i nvention mean admsrmenicoidbe spdistign patgEYy trﬁgswltéﬁdr and/enteseiyask frogt thent enna
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person frogdpied 46 Brki it mere BEHR stehdd Elenmhicd. It willibed apprecibfdd)i ng t he
af orenenti on advant ages. Al t hough the servo control mnmechani sm 103 for

t he additi oheweverg llaatietedtrical tilt may be adjusted by an arrangement having both

mechanical and electrical adjustment elements, as shown for example in

Figure 11.



phase adj ustnent arrangenments 150E1l-150En is shown as formng part of the
WO 03/ 036756 PCT/ GB02/04166 -33 control unit 104, this need not be the
case. Theweaswas7sontrol | er 103 may al so be | ocated renot eCy/GBoomitshe
antenna assenbly 100, as is the control unit 104, but it need not be

| ocated in the same place. Throughout t¥e specification, a reference to
"electrical tilt" shall be taken to nean adjustnent of the radiation
pattern transmtted and/or received fromthe antenna assenbly w thout
physically noving the antenna radone, or the antenna elenents, but instead
i npl enented by adjusting the phase o&gz&ggﬁ%s supplied to one or nore of
the antenna elenents. It wll be app however, that electrica
tilt may be adjusted by an arrangenent having both nechanical and

el ectrical adjustnent elenents, as shown for exanple in Figure 11. WO
03/ 036756 PLT/ GBOW T1em® system CLAPNVEDMPIISING: ant enna syst em ( 100)
conprising: an antenna assenbly (102) having an angle of electrical tilt
and a plurality of elenents (El-En) nounted upon an antenna carrier and

arranged in t S (10 iypcl udi ng
one or nore @%nisegliﬁg asse{ﬂ?@g (ti%Z)"‘B %g mglh3 0}%%3&%3??2%%% p‘i‘ﬁfa ? rically
control thecRire®s Of1-Er) tAdented UpBhH 'aﬂchnftéhrifht cdrﬁ@?fan@'&?raﬂéeé% (dt féé@t arrays
(100A, . 1OOB) froma location renote fromsaid antenna assenbly (100),

wher ei nsai tive subantays¥a08A| 160BYcearhasub-adiy foleding romeror 10d820f $8d) for
connecti on tlhr ough first and second
elements;

control means (104) arranged to electrically control the phase of signals
supplied to at least one of said sub-arrays (100A, 100B) from a location
remote from said antenna assembly (100), wherein said control means include
phase adjustment means (132, 134) for connection through first and second
input feeds (136, 138) to a respective one of said sub-arrays (100A, 100B),
thereby to adjust the phase of signals supplied thereto, and

an additional mechanical phase adjustment arrangement (150E1-150En) for
further adjusting the phase of signals supplied to each element (E1-En) of the

antenna assembly (100).

2. An antenna system as claimed in claim 1, wherein the control means

(104) are located at a base of the antenna carrier.

3. An antenna assembly as claimed in claim 1 or claim 2, including first
and second phase adjustment means (132, 134) for connection with a
respective one of said sub-arrays (100A, 100B) through the respective first or
second input feed (136, 138), thereby to adjust the phase of signals supplied

to said respective one of said sub-arrays.



i nput feeds (136, 138) to a respective one of said sub-arrays (100A, 100B),
thereby to adjust the phase of signals supplied thereto, and an additi onal
mechani cavophas@sad) ust nent arrangenent (150E1-150En) f or PCTIGROR®OL166

adj usting the phase of signals supplied to each elenment (El-En) of the
antenna assenbly (100). 2. An antenna é}%fen1as claimed in claim1l1, wherein
the control neans (104) are |located at a base of the antenna carrier. 3.
An antenna assenbly as clained in claim1 or claim2, including first and
second phase adjustnment neans (132, 134) for connection with a respective

one of sai d,sub-ar, 0R): ugh: e [ i rst,or second
i nput feed 6’136, %@?@mﬁ%%?ﬁ%?]ﬁqo&%lgﬁwgs@ @E@%}%@@aﬁﬁ%%ﬁ%‘%@ %{i%m ied to
sai d respectj j I 7 -35 4.
A ant onna. SonponEaR! (S dnceSh st pEfe (PP R R i PO o
means (104) signal todge syssennghé means (( 226jorf spllittige sdidi inpuesighdldhed fifgut

signal to the system and nmeans (125) for splitting said input signal into
first and 8B¢eeePnsi sjgnals to besappliphito edespective enpadtsaidefiostandfsesand! fir st
and second hase,.adj ust nent gfs:% 32, 134). 5. An antenna system as
clainmed i n BAgSEAdIR %nﬁ%ﬁﬁ utier  conprising: neans (124) for
automatically controlling the phase of signals supplied to a first one of
said sub-arrays (100B) in dependence on the phase of signals supplied to a

second one gf saizg ﬂ%gﬁm(%%%ﬁﬁ%@sﬁﬁg@gg%ﬁ?ﬁ,%rcI ainmed in

any of clains 1 to 5, rern sa enna assenbly (100)
are arrangedomprikingst, second and

means (124) for automatically controlling the phase of signals supplied to a
first one of said sub-arrays (100B) in dependence on the phase of signals

supplied to a second one of said sub-arrays (100A).

6. An antenna system as claimed in any of claims 1 to 5, wherein said
elements in said antenna assembly (100) are arranged in first, second and

third sub-arrays (100A, 100B, 100C) and said antenna system comprises:

first control means (132) for controlling the phase of signals supplied to said
first sub-array (100A);

third control means (134) for controlling the phase of signals supplied to said
third sub-array (100C);

and second control means (124) for automatically controlling the phase of
signals supplied to said second sub-array (100B) in dependence on a
predetermined function of the phase of the signals supplied to said first and
third sub-arrays (100A, 100C).



third sub-arrays (100A, 100B, 1000) and said antenna system conpri ses:
first control neans (132) for controlling the phase of signals supplied to
said firwDoswbs786ray (100A); third control means (134) f@cTaBwoeichi ng the
phase of signals supplied to said third sub-array (1000); and second
control neans (124) for automatically t¥ntrolling the phase of signals
supplied to said second sub-array (100B) in dependence on a predeterm ned

function of _t he Rklllase of the h nalgﬁ%@? tg s%iGd,fi rst and, third
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(1000), andsdoondrinpii sipfial lvigy tHeuphase didigrads blsplidaondiddiay sypt00B) i n
dependence on the predeterm ned function of the phase of the signals

suppl i ed t oagay 100C}tarsinfriproviding b autputsigrbd 06\ thel §0nd aBray A (R)enna
systemas clained in claim6 or claim?7, wherein said redet er m ned

function i siit Aepepdenes on the predetranyped ancion; ofctheinhase of thepyignals to said

first and third. sub-ar 00A,. 100C). 9 na assenbly as clai nmed
i n any of cf%qi?%éot%lcgﬁ¥w&gwdtWg'a%@@oqgﬁg)?ﬁog}' means i ncl udes at
| east one quadrature conbiner unit (174A, 174B) for receiving a first
I nput signal having the phase of signals supplied to the first sub-array

(100A) and g, secamthrittiid systafial diiMieddintd1ginP Basreclim 75 vaeabin saip! ied to
the third sub-array (100C) and for providing a first output
predetermined function is the vector sum of the phases of the signals supplied

to said first and third sub-arrays (100A, 100C).

9. An antenna assembly as claimed in any of claims 6 to 8, wherein the
second control means includes at least one quadrature combiner unit (174A,
174B) for receiving a first input signal having the phase of signals supplied to
the first sub-array (100A) and a second input signal having the phase of
signals supplied to the third sub-array (100C) and for providing a first output
signal to one element of the second sub-array (100B) and a second output
signal to a different element of the second sub-array (100B), wherein said
first and second output signals are dependent upon the predetermined function

of the phase of the first and second input signals.

10.  An antenna assembly as claimed in claim 9, wherein the quadrature
combiner unit (174A, 174B) combines the first and second input signals
thereto such that the phase of said output signals provided by the quadrature
combiner unit (174A, 174B) is the average of the phase of said first and

second input signals.



signal to one elenent of the second sub-array (100B) and a second out put
signal to a different el enent of the second sub-array (100B), wherein said
first andweagsosdsout put signals are dependent upon the predetGaonionesd
function of the phase of the first and_second input signals. 10. An
antenna assenbly as clainmed in claim93’®herein the quadrature conbi ner
unit (174A, 174B) conbines the first and second input signals thereto such
that the phase of said output signals provided by the quadrature conbiner
unit (174A, 174B) is the average of the phase of said first and second

i nput signals. WO 03/036756 PCT/ GB02/04166 -37 11. An antenna system as
claimed in any of clains 1 to 10, conprising: first control neans (132)

for  cont 1ol ng Andpannadiushi AOckifiepnaty o criiaial fo 10uephpedingo a [11 st

one of saidlsUb rrays y Irst anount; and second control neans
(134) for controlling and/or adjusting the phase of signals supplied to a
second one of said sub-arrays (100B) by a second anount; wherein the
magni t ude afixdt oontpol meany (1F2)Sar dosizeling anddonadjusting theophase afsigaala: of

said first amount. 12. An antenpa system clainmed.in any of glaims 1 to
11, wher ei rsupplied teatféishane of st spbranyays @Oﬁ)ﬁ%ﬁghsﬁ %mpé!&te- a maxi mum

of two input signal feeds (136, 138). 13. An antenna systemas clained in
any of clainms 1 to 12, conprising respective signal distribution nmeans

151N1- 151N j 1 ; litti
tna i str1 ouepRd EBRlsRL REafs (1hAER coRtibufly @/l AlfsidSy phie o 1 19
sub-array (004s séffiRd to a second one of said sub-arrays (100B) by a second

amount;

wherein the magnitude and/or polarity of said second amount is different to

that of said first amount.

12.  An antenna system as claimed in any of claims 1 to 11, wherein said
antenna assembly (102) is arranged to receive a maximum of two input signal

feeds (136, 138).

13.  An antenna system as claimed in any of claims 1 to 12, comprising
respective signal distribution means (151N1-151Nn) associated with each
sub-array (100A, 100B) for splitting and distributing signals to the elements
(E1-En) of the associated sub-array (100A, 100B).

14.  An antenna system as claimed in claim 13, wherein each of said signal
distribution means (151N1-151Nn) includes a splitter arrangement (116A,
116B, 116C, 118A, 118B, 118C) for distributing signal strength of said
signals to said sub-arrays (100A, 100B) in a substantially uniform

distribution.



14. An antenna systemas clainmed in claim13, wherein each of said signal
di stribution nmeans (151N1-151Nn) includes a splitter arrangenent (1 16A,
116B, 116@p 0208456 118B, 118C) for distributing signal streagtdBooh4sai d
signals to said sub-arrays (100A, 100B) in a substantially uniform

di stribution. WD 03/036756 PCT/ GB02/ 0418%~ -38 15. An antenna assenbly as
claimed in claim13 or claim 14, wherein at |east one output signal from
said distribution neans (151N1) associated wi.th_ _a first _sub-array (100A)
is spatiall gcon%}nn%@ewzl Hssgm]dlﬁﬁtc?ad%ddﬂt m 43 g5 glaim ﬂ%w&eg@e@rﬁd one of

said distri i S061 . W ~arnay. {( 100B)
to provide ?(%grSts?H%%%shzéﬁé%i-g%}r%?%@dﬁgﬁt@gpws*gﬂgﬁ @%qmgfaiigés%tl%ﬂc}% glécond

el ement s of aFidshbuilapid-@00AY if FRAMN i Y igRhred in
any of cl ai ?rsll to E115, 9\/$her elyrll %I%g. ya%%?ttnﬁg%gfmﬁrreggﬁgﬁiiﬁﬁ%ﬁgggggéﬁst ment
ar r angenent fione laugesndonearof agidodistributivabimeant @5aN2)igssigedwith @606; 706) .
17. An antenna systemas clainmed in claim16, wherein each dielectric

el enent is aeeom¢l subearray ( HOQB) losprovidesfirss nad stcomkcambinededutpensignglsl - En) .
18. An antenna systemas . clained in claim17, wherein each antenna el enent
has an assold gf%dﬂqdniﬁﬁf’n@Féﬁﬁ‘?ﬁ%@if@rfﬁlrﬁrfélb(alffabﬁmqmer ein each of the
dielectric elenents (606) is arranged for |linear novenent relative to the
associated transm ssion line to vary the further phase shift of signals

supplied tggsai sa\rfeéinﬂe&m Swéﬂ%mé@éﬁ %@g@&f éﬁhﬂg 1N @ﬁereﬁgmefm

antenna systemas clarnmed 1n claim I'n each anténna €l enent has an

associ at ed hdditionh ArRENAHEAIShasé AdjusthedtstrifiRmein ifdalePhn bRy fi el ectric
el enents (706) is arranged for rotary novenent relative to the

moveable dielectric elements (606; 706).

17.  An antenna system as claimed in claim 16, wherein each dielectric

element is associated with a respective one of the array elements (E1-En).

18.  An antenna system as claimed in claim 17, wherein each antenna
element has an associated input transmission line (T) and wherein each of the
dielectric elements (606) is arranged for linear movement relative to the
associated transmission line to vary the further phase shift of signals supplied

to said element through said transmission line (T).

19.  An antenna system as claimed in claim 17, wherein each antenna
element has an associated input transmission line (T) and wherein each of the
dielectric elements (706) is arranged for rotary movement relative to the
associated transmission line to vary the further phase shift of signals supplied

to said element through said transmission line (T).

20. An antenna system comprising:



associ ated transm ssion line to vary the further phase shift of signals
supplied to said elenent through said transmssion line (T). 20. An

ant enna swetmmsesspri si ng: WO 03/ 036756 PCT/ GB02/ 04166 - P@TATBRNOIBANA
assenbly (102) having a plurality of elenments (El-En) arranged in at |east
two sub-arrays (100A, 100B), each sub-adPay conpri si ng one or nmore of said
elements; first control means (132, 134) for controlling the phase of
signal s suppl ied to a first one of said sub-array qm&sloola-é'@ and second
control mead® aMenna assembly cHYihaymg a phxahsi of elgm ) @frasiggddns

supplled to nd of said ar. 0 in de ndence on_t he phase
sui d o GRIESEBInsibaiPbS QHPATIDRE]. cara b wirfy COfRMEme e Py ety ” 21
An ant enna imed in claim?20, wherein said elenents in said
ant enna ass?n%%@@r@@egﬁﬁanged in first, second and third sub-arrays (100A,
100B, 100C) and the system conpri ses: flrst control neans (132) for
controlling the phase of signals supplied to said first sub-array (100A);
third cont r dirsinecntsol (éx)s {182, 84} farl dantplling thphaseddf siggalaksppsligaptd ed t o
said third sub-array (1000); and second control means (124) for
aut onat i cal Pﬁ@bﬁf@@fl%ﬁ’gﬁ%@%ﬁ&é@%) angnals supplied to said second

sub-array (100B) in dependence on a. predeterm ned function of the phase
of the signals supplied to said first and third sub-arrays (100A, 100C).

22. An ante t er m ned
Funct i on | < rest PRI O afofiafely cREhfik SRl PESIFEROT
first supplied to a second of said sub -arrays (100B).in dependence on the phase of

said signals supplied to said first one of said sub-arrays (100A).

21.  An antenna system as claimed in claim 20, wherein said elements in
said antenna assembly are arranged in first, second and third sub-arrays
(100A, 100B, 100C) and the system comprises:

first control means (132) for controlling the phase of signals supplied to said
first sub-array (100A);

third control means (134) for controlling the phase of signals supplied to said
third sub-array (100C); and

second control means (124) for automatically controlling the phase of signals
supplied to said second sub-array (100B) in dependence on a predetermined
function of the phase of the signals supplied to said first and third sub-arrays
(100A, 100C).

22.  An antenna system as claimed in claim 21, wherein said predetermined
function is the vector sum of the phases of the signals supplied to said first
and third sub-arrays (100A, 100C).



and third sub-arrays (100A, 100C). WD 03/036756 PCT/ GB02/04166 -40 23. An
antenna systemas clainmed in any of clains 20 to 22, further conprising
respect i WeOIBQ»&Eb6 di stri bution neans (151 N 1-151 Nn) ass@eciraiBsd/o4mbt h each
sub-array (100A, 100B, 100C) for splitting and distributing signals to the
el enents (El-En) of the associated sub*8fray (100A, 100B). 24. An antenna
systemas clained in claim23, wherein each of said signal distribution
means (151 N 1-151 Nn) includes a splitter arrangenment (116A, 116B, 116C,
118A, 118B, 1 18C) for splitting and distributing said signals to the

el ements in, said, associ ated sub-ay ¢ . , . n nna system
as cl ai medrz3n cI%PﬁP%&na\/ﬁéféﬁﬁg} RS gg%“gg%éﬁ}% ?é)rf %Q%rﬁgsa%\eégjn%%i ﬁ%gﬁng 1168,
116C, 118A, : bi ib@tiorf hitlaht P14 EN 81180 aIn) sisscvigied of sai d
signals to X %ﬂ%}gr&%egyge?%&a%?%%%m?gﬁgm}squbst anti al I.)y uni form

di stri buti agith 28ch AibartENNBOAS SKHOB, Y1 08€)dorisphittirignaml distnianing sighalsm 25,
wherein at |east one output signal fromsaid distribution nmeans (151 N 1)
associ at ed i thd eleménts E 1<k aff theyas¢adary sub-areato (VAW dB)at | east one
out put signal fromsaid distribution neans (151N3) associated with the
third sub-array (100C) to provide first and second conbi ned out put signals

to first and second el enent of the secon - aht 2

ant enna asséhbl y é”(??rg}arﬁ?’&?q% a3 At aapéﬁlﬂgfgg, %e%?(eéénnp%?is%@nsglg@t | east
one quadr at w e conbi i Nk iR IRE&H Mg edndrit ($16ADPUL

si gnal haviﬁ@ﬁpﬁg%@%ﬂ%;&%}\gﬂy@gi}pp %‘%ﬁ SPIRFel! erdid sub-(qrray (100A)
and a secopgsp NPIECSi 994! 11881 N98Chonkpsleng andi disteibatiagsald signals tohe
third sub-array’ (1000), and for providing a first output signal to one

el ement of {ieeclspenndn said associated sub-array (100A, 100B).

25. An antenna system as claimed in -claim 24, wherein said splitter
arrangement (116A, 116B, 116C, 118A, 118B, 118C) is arranged to
distribute signal strength of said signals to said sub-arrays (100A, 100B) in a

substantially uniform distribution.

26. An antenna assembly as claimed in claim 24 or claim 25, wherein at
least one output signal from said distribution means (151N1) associated with
a first sub-array (100A) is combined with at least one output signal from said
distribution means (151N3) associated with the third sub-array (100C) to
provide first and second combined output signals to first and second elements

of the second sub-array (100B).

27.  An antenna assembly as claimed in any of claims 20 to 26, comprising
at least one quadrature combiner unit (174A, 174B) for receiving a first input
signal having the phase of signals supplied to the first sub-array (100A) and a
second input signal having the phase of signals supplied to the third sub-array
(100C), and for providing a first output signal to one element of the second

sub-array (100B) and a second output signal to a different element of the



sub-array (100B) and a second output signal to a different elenment of the
WO 03/ 036756 PCT/ GB02/ 04166 -41 second sub-array (100B), wherein the first
and secormomanparse si gnal s are dependent upon the predet ePairraa2zusst i on of
the phase of the first and second input signals. 28. An antenna assenbly
as claimed in claim27, wherein the quaﬂl?ature conmbi ner unit (174A, 174B)
conbines the first and second input signals thereto such that the phase of

(ne, 1115t 0SSRt o Pl URLE PhOY S B Ll st cortl er
Q 20
P o St (oA BRRCRIINR) Ryt FE st Bl br S, 20

renotely fregdndeinpantignam. el ements (El to En).

)

28. An antenna assembly as claimed in claim 27, wherein the quadrature
combiner unit (174A, 174B) combines the first and second input signals
thereto such that the phase of the first and second output signals provided by
the quadrature combiner uﬁit (174A, 174B) is the average of the phase of

said first and second input signals.

29.  An antenna assembly as claimed in any of claims 20 to 28, wherein the
first and third control means (132, 134) are located remotely from the

antenna elements (E1 to En).



