WO 03/ 036759 PCT/ GB02/ 04748 1 APPARATUS FOR STEERI NG AN ANTENNA SYSTEM The
present invention relates to an inproved apparatus for permtting steering
of an anwermaleystem and in particular to an apparatus f@®CTadjoastisag t he
phase of signals supplied to each el enent of an antenna system having a
plurality of antenna elenents. The antenna systemis suitable for use in
many tel econmunications systens but fiAds particular application in
cellular nmobile radio networks, comonly referred to as nobil e tel ephone
net wor ks. QOperators O%P I;HI%' } <O \ g y enpl oy
their owm Dbase-stati nlgﬂéé h oF%iéﬁEpgg{;u%g?m@rA grrgrgrgﬁgintennas. In a
cellular nobile radio network, the antennas are a factor in defining the

desired coverage area Vx\ﬂi ch , eneral ly divided i3lo a r\»umoert f.
over| appi ng L peSeriJppetich ettt an, jipproyed Abprats Jor peaiing Secring of
station. Ea C i j i hase i -

conmuni cat eghwﬁ?%ﬁ%ahﬁgm?ﬁ%%} %ﬁi%grai&gg'?ﬁé? B%réll [, {%g‘ﬁ%ggg m@?g{bieoorfs

t hensel ves ajigndl$ b@iptiedrneeheld cleynent b€ an MR 6fstemrimving apiwralityedft her

fixed land-lines or by radio link, and are arranged in a grid or neshed
structure attennargjemoiis] The adiessa systemdghuitable f01cesel indos® age area to

communi cate wjth each pther as Il. as with,the public. tel ephone .network
o the ElaePrriiCaint Rustia ht fidhariicuararahtaima SR RSWE,

net wor ks ar t O i te i : nt ennas whi ch
conprise a pagioa'lql ty%%&ﬁrugﬂgwgﬁg%ﬁ%% %)erfé r(f’g?%%?*?‘?'rn i vi dual
antenna el enents or dipoles. The direction of maxi mum sensitivity of the
antenna, i.e. the vertical or horizontal direction of the main beam or

"bor esi ght " Opetrbars afitceliviar pathilermadionsiwbeksagenerally eyplagjtheirionn t he phase

rel ati onshi p between the sub-arr .. This has the effect of .allow t he
pbase-statlons each o% Wh?Ch frll%fudes one or more antennas. Itn a celﬁllar mogﬂe

—
ey

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 the mobile radios in that cell. The base
stations themselves are interconnected by other means of communication, either
fixed land-lines or by radio link, 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
beam or "boresight" of the antenna pattern, may be altered by adjusting the
phase relationship between the sub-arrays. This has the effect of allowing the

beam to be steered to modify the coverage area of the antenna.



beamto be steered to nodify the coverage area of the antenna. WO 03/036759
PCT/ (B02/ 04748 2 In particular, operators of phased array antennas in
cel | ul ar wollogs78adi o networks have a requirenent to adj BRST/GHU/0¥EBt i cal
radi ati on pattern (VRP), also known as the "tilt", of the antenna since
this has a significant effect on the coverage area of the antenna.
Adj ust mnent of the coverage area nay be ?equi red, for exanple, owng to
changes in the network structure or the addition or renoval of other base
stations or Iampaencdar, iopetatersod] phasakharrayl potcnnamin eefluldremeabidg vadid tilt of an
antenna is known _and i s conyventional], achi eve mechani cal ans
el ectri cal r%a\ﬁ@r,ksaavs@tqﬁguwmﬁnwot%;ﬁ%ﬁle%ﬁ?ifélcakd@g‘@tm RAYEH EY B‘Fii 80
adj usted ne |.C e yels TeC ' ; | t enna
el enent s th%@h@sﬁ%rt E/’F?g?gegﬁ{.t‘%? S)}H%b@?%g%g%gﬁ@éﬁggﬂ?é&&?ngg such an
adj ust ment i pyvefdeRiré£LbLtHeOMtdrhad A dj@dineit FEIhe @vetdae apeighRy Ve r@gaired) cal
tilt". The effect” of adjusting the angle of nechanical tilt is to
reposi tion tfboeeximplesioghhg sechartgeatn ilte parivotls sutther omthevaeldigionbed ow t he
horizon. Wen tilt is adjusted electrically, by iadj usting the phase of
si gnal s suppemeyal of ether hasesiadonseresrsennas il theotRll-physi cal Iy movi ng ei t her
the antenna radone or the antenna elenents thenselves, such an adjustnent
is comonly referred to as "adjustnment of the angle of electrical tilt".
The effect b4 Stk Cidtbeal isti | $hd @lcoRvERionaResi tion
t he boresi gﬁ?h%%djpﬁgéﬁ?towggﬁ %Eggégrgate@@b%%%ﬁ%rlsglkm t he horizon bgt, I n
this case, ighiseddyesethanidsdmgiang, ¢lbetrichnmeated, ay Hoth weithinsthgaateanded t o
each el enent (or \%roup of elenments) in the array. The elenents in the

t

ant enna i npl iéseiatWhen &bris edjusted meehagiatly c for example by meshagicrlly mpvdided
I nt b- , h b- I,Si ts.,
changi ng. ¢ hellbAMETRI ISR CheatsM i emeeiatacally abfabE s ehia rioms i cal

tilt of 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 physically moving either the antenna radome or the antenna
elements themselves, 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 between signals fed to

each element (or group of elements) in the array.

The elements in the antenna implementing controllable electrical tilt are normally
grouped into sub-arrays, each sub-array comprising one or more elements. By
changing the time delay of the signal fed to each sub-array, the electrical tilt of
the beam may be adjusted. The time delay may be achieved by changing the
phase of the RF carrier. Providing that the phase delay is propbrtional to

frequency across the band of interest, and the phase response extrapolated to zero



t he beam may be adjusted. The tine delay nmay be achi eved by changing the
phase of the RF carrier. Providing that the phase delay is proportional to
frequencywamB03&s4 he band of interest, and the phase resp®aI&BRRO4ApOl at ed
to zero WD 03/ 036759 PCT/ GB02/ 04748 3 frequency has a zero intercept, then
t he phase del ay produces a tine delay. Phase shift and tinme delay are thus
synonynous. A di sadvantage of this nethbd, however, is that only relatively
coarse adjustnment of the tinme delay to each el enment of the aptenna is

possi bl e refehuenay has aazerorintesespt.nihien g phasadlctaydpradness pHmeddeipy. Phase
parti cul arl%/iﬂaen tilted. It tLlS al so_ known to provide an antenna which
al | ons the PRIFEANSLIEG d5fay 38 WRGHAOYIEOS; ed to each el ement in the array
to be adjusted i ndependently. A system which permts such independent
adj ustment of signals applied to individual antenna elenents is described

in US 5, 905 A481advhnfigecstviint megolf hbWeser] ¥Pehao bnkyelativelihovmseadjubsnenat
the system necessarily includes a |arge nunber of noving parts, each. of
whi ch nust bé thetime defayotodeach elementjofshe anenamiy possiblereseltingc@a B+ . Thi s

can give rise to reljability problens. Accordi t Q. one aspect of the
present i nvERHBHD 2aieangd Faélaﬁfr%&ﬂag@ﬁl’&@”éﬁ%é‘il&t"ﬂ%n tﬁﬁﬁdr']adj usting the phase
of signals supplied to each elenent of an antenna having a plurality of
antenna el ements, each el enent having a respective transni ssion line

associ at ed tharav khowh 6 ppRRAE ah UhteBAIMVHISH Aliow estimeWleRgy 6ff the sippabs
having a plurality of said transm ssion |ines disposed thereon; and second
supporting mpplisd toveachidlement it the artay te dechdjusted insiepprdentlyig Ansyatesn  havi ng

a plurality of coupling |links disposed theregn_; \é{ﬁerebn each . of slai d

coupl i ng | i mdick papmits sachhindepepdenbadipstaesids siggals pplied to individua

antenna elements is described in US 5,905,462.

A disadvantage of this type of system, however, is that the system necessarily
includes a large number of moving parts, each of which must be moved in order

to adjust the angle of electrical tilt. This can give rise to reliability problems.

According to one aspect of the present invention, there is provided an apparatus
for adjusting the phase of signals supplied to each element of an antenna having a
plurality of antenna elements, each element having a respective transmission line

associated therewith, the apparatus comprising:

first supporting means having a plurality of said transmission lines disposed

thereon; and

second supporting means, movable relative to said first supporting means, having

a plurality of coupling links disposed thereon;

wherein each of said coupling links comprises a length of transmission line

arranged to capacitively couple with at least one of said transmission lines of said



arranged to capacitively couple with at | east one of said transm ssion
lines of said WO 03/ 036759 PCT/ GB02/04748 4 first supporting nmeans such

t hat novewenB/0sd75%ai d second supporting nmeans relative t@CTaiBI20IT48L
supporting nmeans alters the effective I ength of each of said transm ssion
| ines. Conveniently, the first and second supporting neans each conprise a
respective board nenber on which the t fansmi ssion |ines or coupling links,
respectively, are printed or otherw se disposed. In one enbodi nent, the
second boar dirsesupportingamegihsuohHbacmopemant of sad seqond sapperiggdneansbe
substantial ly Linearly vable relative to the first board er. .In
oot hor - enb UHATS StHJISh RO RS AHo AT TS CHPFGY RaR TP RO Rl  or
angul arly ive to the first board nmenber. Advantageously,
novenent of agllé}ngsescﬁz(gingﬁ%%ard menber relative to the first board nmenber
changes the capacitive coupling between the coupling links and the

transm ssion lines, thereby to alter the effective |length of the

t ransm ssi orConvienientlyTHee fipg andsecondespppartingemeammngachsempritesl rspedtive
substrate di sposed on the fjrs board penber such t.hat, venent, of the
second boar dosEhBEmbes o Whish eﬂﬁ‘ﬁsmﬁs’f%&ll&?@aﬁ?{&%hﬁ&ﬂl &u‘éeéEeCéIVS{yeat er or

| esser porti f 0 coupling links to extend over the
dielectric Saggg?lpgtcf;(?r 5‘%‘8%@ d?%og‘?(f'er further the phase of signals on the
transm ssion line. In one enbodinent, the dielectric substrate is disposed
on the first board nenber in a position adjacent to the end of the
t ransm ssi orinloneesnbddimeanphe ataondrzoard nssmberc cadging the couplinyg hnles,ds sposed
adjacent to the first board_ nenper.

arranged to be substantially linearly movable relative to the first board member.

In another embodiment, the second board member is arranged to be rotatable or

angularly movable relative to the first board member.

Advantageously, movement of the second board member relative to the first
board member changes the capacitive coupling between the coupling links and
the transmission lines, thereby to alter the effective length of the transmission

lines.

The apparatus may further comprise a dielectric substrate disposed on the first
board member such that movement of the second board member relative to the
first board member causes a greater or lesser portion of one or more of the
coupling links td extend over the dielectric substrate, thereby to alter further the

phase of signals on the transmission line.

In one embodiment, the dielectric substrate is disposed on the first board member

in a position adjacent to the end of the transmission lines.

The apparatus may also include a ground plane disposed adjacent to the first

board member.



WO 03/ 036759 PCT/ GB02/ 04748 5 In one enbodi nent, the ground plane is
provi ded on a ground plane board nenber carrying the dielectric substrate
and the fwosB/oboar d nmenber. The apparatus may al so i ncl udeCa/Geseosdsgr ound
pl ane board nenber having a second ground plane, wherein the second board
menber is disposed between the first bgard nenber and the second ground
pl ane board nenber. In another enbodi nedt, the transm ssion lines are

di sposed on a first surface of the first board nenber and a conductive
ground pl ane is disposed on a second, opposing surface of the first board

menber. A dielectric separajor is preferably. arranged between the first and
second boar d2 qli’ﬁr%@?%‘ﬁ%n?’gﬁ? gf?‘%{deplﬁ%epﬁcmpﬁf@d@&%gf%@%t%e&%ﬁr en. Each
coupling i By, . -' : r gt hs of

transm ssi oﬁh‘?l Re. %&gggﬂé&gﬁﬂ%ﬁ@&@% %m%t g%?é@gﬁn&sﬂlﬁgn i nes

di sposed on the first supporting neans is substantially straight. In an

al ternative enbodi ment, each transmission |ine disposed on the first
supporting rBnappasato mmycalse edledena sechind gxpwad nlane beayd mepibgddavingey i es

arrangenent of coupling links and .transnjssiqn |lines for ea of t

ol enents. Al spgerﬁﬁgf)%ﬂ?plan%iwrsm thi serRCLbaEd mqrhﬁerﬁﬁﬁlqusgi E%té‘f e&Pgﬁe with
each of the S i 1 i i ne i at ed
wiih o i r o isha el AERELAT Bloud ARANBENEHOMne 1o As00! At e

transm ssion |ine associated with a second one of said elenents. WO
03/ 036759 PCT/ GB02/04748 6 Additionally, a coupling link associated with a
first one ofInsmiother|emmtodtiment the transmission lines are disposed on a first surface of

the first board member and a conductive ground plane is disposed on a second,

opposing surface of the first board member.

A dielectric separator is preferably arranged between the first and second board

members to facilitate capacitive coupling therebetween.

Each coupling link may preferably include one or more U-shaped lengths of

transmission line.

In one embodiment, each of the transmission lines disposed on the first
supporting means is substantially straight. In an alternative embodiment, each

transmission line disposed on the first supporting means is of arcuate form.

The apparatus may include a series arrangement of coupling links and
transmission lines for each of the elements. Alternatively a single transmission

line may be associated with each of the elements.

In one embodiment, a transmission line associated with a first one of said
elements is arranged radially outward of a transmission line associated with a

second one of said elements.



preferably arranged radially outward of a coupling |link associated with a
second one of said elenents. Preferably, the transm ssion |ines and

coupl i ng Wok®3@H9 t he first and second supporting nmeans PEFERIIVAEBY are
arranged such that novenent of the second supporting neans relative to the
first supporting neans permts adjustnept of the phase of signals supplied
to each elenent by an anount different Promthe phase of signals supplied
to at | east one other elenment. The apparatus nay al so include a splitter
arrangenment for distributing signals supplied on an input transm ssion

line to transpj.ssi | i nes..associated wi.th twa or e.elenments. The
appar at us rﬂfmﬂl‘é@? nd Wé’hggﬁﬂ’%tqsﬁﬁlﬂﬁg%ﬂb%ﬁlﬁfte%e{%%aﬁge@g}%h Shoar d
menber for ﬁfréﬁ?ﬁﬂlg%ﬁﬁﬁ%ﬁ%a@h% rd'of |aaédugﬁn%ﬁnk%sédi£t§@1 WAEA dediRpiaber .
The actuating means nmay-be an actuating arm driven by a servo control

ar rangenment .onAGFaaId @lemefitsa further aspect of the invention, an antenna
systemconprises a plurality of antenna el enents and an apparatus as
descri bed herein for adjusting the phase of signals supplied to each

el enent of the_antenna system, Preferably, the.antenna el enents of the
syst em may l?éef?éﬁwyegleutﬁ%%@ﬁﬂ%th@ﬁﬁén‘? rataRIng ks 1 BR FES R YRR ¢ hor

conpri si ng [ ol . i enent ,
wherei n t ne BERCKGE mEERIR R yERNLS Atend®y st PR FRA} bPleTELae
03/ 036759 PGhHERIHOAEAR refative t@ﬁh@fﬁ;ﬁrsﬂﬁ?éﬁﬁgqmlp&mﬁts adhgufsstcEtheny

i nclude a control nmeans for controlling the servo control arrangenent,
wherei n t he phast obkigmelarssppked ticedohckleraentabydas aaotnt differérdrirdmdhe phase

antenna el enents. )
of signals supplied to at least one other element.

The apparatus may also include a splitter arrangement for distributing signals
supplied on an input transmission line to transmission lines associated with two

or more elements.

The apparatus may also include actuating means coupled to the second board

member for effecting movement thereof relative to the first board member.

The actuating means may be an actuating arm driven by a servo control

arrangement.

According to a further aspect of the invention, an antenna system comprises a
plurality of antenna elements and an apparatus as described herein for adjusting

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

Preferably, the antenna elements of the system may be mounted upon an antenna
mast, the antenna system further comprising a control means for controlling the
servo control arrangement, wherein the control means is located at a base of the

antenna mast,



I n one enbodi nent, said apparatus is arranged for independent adjustnent of
the phase of signals supplied to each of said antenna el enents, thereby to
enabl e pwWeydoxdpust mrent for each el enment by a different REOGRO2/04T48
required. Alternatively, the apparatus nay be arranged to adjust the phase
of signals supplied to each of said antenna el enents by the same anount.
In one enbodinent, the apparatus includes neans for adjusting the phase of
signals supplied to two or nore elenents by the same anmount. If the
antenna system conprises a splitter arrangenent for receiving an input
signal and djstributing the input signal to each of the antenna el enents,
the splitt e ayaligigatiemembedinat.qthe sigien may daclude bgontrel means fur ength t o
each of said nﬁenn el enent s iln sai d an%enﬁa asajgnbl ﬁ»’ fubstanti al I%{ in a
uni for m di stSYARAERH e SERYo ool TS mest WheRa) teconHgl feaps SJoRatsH ¢ he
antenna el e ' [ o set the boresight gain and

t he side |o@??ﬁ8{a§¥1ﬁ§%§§@gﬁ%@? ?Ig{glxlgﬁ éL?“ﬁl]ilghféhtenna el emrents may be
arranged in at least first and second sub-arrays and the apparatus is
arranged to adjust the phase of signals supplied to antenna elenents in
said first sliipongrerabodignent.fjaid apparatuats amanges fdjindspententpidgssemenit ofsthgnal s
supplied to ntenrf]a. el fmentﬁ %n said second sub- arra¥ 3%/ a second ., anount.
Conveni ent | YPRaSH T signals suppling 19 sachplgaiq Anteaps elemsats, dhergph & pradle n

polarity to sajd a%@%ﬁ?&t%?%&h el eﬂ?ﬁﬁé%@&qﬁ%ﬁ%ﬁgﬁg? f‘eZaéﬁ{e ol For the

purpose of this s rcatron, refere 'Vl of the
phase of signals supplied to each elenent in the array is intended to nean
that the signals passing through each transmission |ine to the associ ated

el enent can Abernptizely, st appasatug infayr Beairargty, totadgust e phasperfsignaphase

adj ust nent of si,gnal s to  different antenna el enents by different anounts,
i f required.Supph d to each of said antenna elements by the same amotnt. In one

embodiment, the apparatus includes means for adjusting the phase of signals

supplied to two or more elements by the same amount.

If the antenna system comprises a splitter arrangement for receiving an input
signal and distributing the input signal to each of the antenna elements, the
splitter arrangement may be arranged to distribute signal strength to each of said
antenna elements in said antenna assembly substantially in a uniform distribution.
The distribution of signal strength to each of the antenna elements is conveniently

selected to set the boresight gain and the side lobes to an appropriate level.

The antenna elements may be arranged in at least first and second sub-arrays and
the apparatus is arranged to adjust the phase of signals supplied to antenna
elements in said first sub-array by a first amount and to adjust the phase of
signals supplied to antenna elements in said second sub-array by a second
amount. Conveniently, the first amount is equal in magnitude but opposite in

polarity to said second amount.



The present invention will now be described, by way of exanple only, with
reference to the acconpanying drawings in which: Figure 1 illustrates the
vertical weadsasi’zon pattern (VRP) of a known phased array PemtGBwnad4aA8senbl y;
Figure 2 is a schematic bl ock diagram of an antenna assenbly incorporating
means for adjusting the angle of electrical tilt; Figures 3Ato 3C
illustrate a first form of apparatus ac8or di ng to the invention for

adj usting the phase of signals supplied to an elenent in an antenna array,
and the opdfatthe purpeseadithismpgeification referanss o) isdividual gertEelh|of thest hods  of

construction_ of the apparatus, of i qure 3A;. Figures.5A 5B il ate a
modi fi cati orPIRsE P %‘gaglgéPBP ed B eaehpleracniAn tgﬁa%agdﬁpa?l?w?l{&?%%§ﬁegur e
6 is a sche [ | i : : i to
Phe i mvent oiefs paseli frfoudtfedth SarRfidich e 1 Bl AROAHEN R AR
03/ 036759 PHa&Badjuted4 s reQuired) rtﬁer%b$ h@Eerrﬂit phdief Adjastiment bdsighsisappar at us

t

of Figure 6;7 Figure 9 shows a part o e apparatus of Figure 8, Figure 10
i s a schemtdifferenit antenag ietemerfts hy differgnt amounf, Hppauimedss according to the

invention; Figure 11 shows a part of the apparatus of Figure 10; Figure 12
shows a nodification to the apparatus of Figure 10; Figure 13 shows a part

of the apparfidis:Btniingtifon will Bb#UiLddbribéd oy 69 BHexEmple biEy! dihon of an

antenna systemtncorporating an
reference to the accompanying drawings in which:

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

antenna assembly;

Figure 2 is a schematic block diagram of an antenna assembly incorporating

means for adjusting the angle of electrical tilt;
Figures 3A to 3C illustrate a first form of apparatus according to the invention
for adjusting the phase of signals supplied to an element in an antenna array, and

the operation thereof;

Figures 4A to 4D illustrate possible methods of construction of the apparatus of

Figure 3A;

Figures 5A and 5B illustrate a modification to the apparatus of Figure 3A, and

operation thereof;

Figure 6 is a schematic illustration of a second form of apparatus according to

the invention;

Figure 7 shows a part of the apparatus of Figure 6;



apparatus according to the invention; Figure 15 illustrates use of the
apparatus of the invention in a dual polarity antenna assenbly; and Figure
16 is a cwo93/03@6%2i on through a dual polarity antenna ass@gblGB02/04748

i ncorporating the apparatus. In the follow ng description, the invention is
described in the context of an antenna systemsuitable for use in a
cellular nobile radio network and parti9cularly the Universal Mobile

Tel ephone System (UTMS). However, it will be appreciated that the
invention is not confined to such use and nay be equally applicable to

ot her comunicatigons systens.. WD 03/ 036759 PCT/ GB02/ 04748 10 Figure 1
shows t he veFigRERP ShﬁWﬁ&tmﬁﬁlflﬁaﬁl?lb%ﬂF\mp?w@?S‘éfEk&W%ﬁt| onal phased array
antenna assenbly. The drawing is shown in side view and the antenna
assenbly is represented by the point 1. The VRP of the antenna assenbly 1
consi sts of @o{{Rd 9 sheks a ar{@pﬂﬁs‘f#%mamszof Myughgdi verges in a vertical

pl ane as it extends from'the antenna assenbl’y and represents the region of
maxi mrum radi ation intensity of the beamradi ated by the antenna assenbly.
The VRP of the antenna assenbly al so includes a nunber of side | obes 4,

repr esent i ngFiguEs 84S afscharaafiq ﬁknéﬁram@up’éa itlind forne o6 FlPEafanha@PP@m%mhﬁr om

the antenna assenbl y in directions which are approxi mately equi angularly

spaced aboUVEHEYnt enna assenbl y in a vertical plane. The | obes 3
i mredi ately adj acent the boresight 2 are terned the first upper and first
| ower side | obes respectively. |In Figure 2, the antenna assenbly of an

ant enna systEigum(wrsh@watalmtafﬂﬁmﬁammﬁpigu&gmast| ng the angl e of
electrical tilt of the antenna is s

Figure 12 shows a modification to the apparatus of Figure 10;
Figure 13 shows a part of the apparatus of Figure 12;

Figure 14 is a schematic illustration of an antenna system incorporating an

apparatus according to the invention;

Figure 15 illustrates use of the apparatus of the invention in a dual polarity

antenna assembly; and

Figure 16 is a cross section through a dual polarity antenna assembly

incorporating the apparatus.

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.



schematically generally at 100. In this exanple, the antenna system 100
conpri ses an antenna assenbly, shown at 102, conprising a phased array

ant enna hWoiBE3Em array of eight elenents El to E8 nount edClfEBo2a#748nt enna
mast (not shown). A control unit (not shown) for the antenna assenbly 102
is located at a base-station 104 whi chbd’ray be | ocated at the base of the
antenna nmast. The elenents El to E8 ar€’ arranged into two sub-arrays, an
upper sub-array 100A conprising elenments El to E4 and a | ower sub-array
100E conpr iEignte &ishowsthe Eetical mdiatippeaiiareRPA 6t apenyentivpal peasedes an

i nput port, represented b 12 which is .connect.ed to the.control unit in
t he base- st &rF%’nalltéﬁnﬂ/?%eé‘btégUéﬁr daipg HFiov, I Slﬁ?\b’fﬁw ﬁ%&fhﬁﬁe@fppl ies an
i nput carrie i : i [ tted to a signal WO 03/036759

PCT/ GB02/ 047%§é115}§ﬁ’ %@P%E@?Fﬁ tﬁgp\g\@?%'cqrrpri sing a series of splitter
units S1-S7 which are provided to distribute signals to each of the

elements El to E8 in the array. Each splitter unit S1-S7 is of
convent i onal ThoVRRnfl tHeasntenrsi asgérablynb aonsasisl of wonaisdobeios “baresighiipdt

carrier line 120 i.s connected,t he i nput o rimary splitter., unit 116
(al so i dent i Whicd digerges in ?H’@“ﬂ‘iaﬁ) ?ﬁan&?tsdEFXtS’P‘gst %QP%YI?C ?‘n@;ﬂsﬁﬁé‘?’ adi ¢ 116
is connected to a first .out i -1k ne. -tglrb;f'l ‘&u&, ut of
the primry re%?ﬁemset:heJ%g@ﬂﬁéﬁ%@ﬁ@%ﬁ@é@edél o & eco@%h%{lggﬁg‘!&gr iere l'ine
110. The fir AT rier line 106 is connected to an RF distribution
net wor k 140%%61?%%:I uding first, second and third upper sub-array splitter

units, 1 16A, 11 6B, 11 6C respectively. The second output carrier line
110 is connected to a second RF distribution network 14QN2_incl udin

first, secon@haVRP i tle pesgana assembhy alsg inglpdasiapumhes Qf side dobes th 88? 118C

respectivel y'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 a vertical plane. The lobes 3 immediately adjacent

the boresight 2 are termed the first upper and first lower side lobes respectively.

In Figure 2, the antenna assembly of an antenna system incorporating a
mechanism for adjusting the angle of electrical tilt of the antenna is shown
schematically generally at 100. In this example, the antenna éystem 100
comprises an antenna assembly, shown at 102, comprising a phased array
antenna having an array of eight elements E1 to E8 mounted upon an antenna
mast (not shown). A control unit (not shown) for the antenna assembly 102 is
located at a base-station 104 which may be located at the base of the antenna
mast. The elements E1 to E8 are arranged into two sub-arrays, an upper
sub-array 100A comprising elements E1 to E4 and a lower sub-array 100B

comprising elements E5 to E8.

The antenna assembly 102 includes an input port, represented by 112, which is
connected to the control unit in the base-station 104 via a feeder line 106. The

input port 112 supplies an input carrier line 120 which is connected to a signal



The first output carrier line 106 is connected to the input of the first
upper sub- array splitter unit 116A whilst the second output carrier line
110 is compasoadseo the input of the first | ower sub-arr®¢CTAHBWROEAEE uni t
118A. First and second outputs of the first upper sub-array splitter unit
116A are connected to the inputs of second and third upper sub-array
splitter units 116B, 116C, respectivel¥l Simlarly, first and second
outputs of the first |ower sub-array splitter unit 118A are connected to
the inputs @hkusRaRncthedwork bompribiager sesieb-of sphyersyitst $ 87 umhicl are 188, 118C.
The antenna assenbly 102 al so i ncludes phase adjustnent_neans, in the form
of a pl ur aprawdest tmdﬁietmﬁ:wtﬂ:agn@ihé%éa%ngﬁrﬁéﬁfle@é\ﬁlc&Eﬁ% YEV-50E8.
Specifically, . the outpu f. the second er_syp-arr spl | it 116B
are connect éadil 8plitiRr und§ éfféﬁt@ OEF%W%@%%’EB’&‘{% {/S@éler lg‘b{ﬁ%%ﬁ t\%& phase
adj ust nent Sﬁ%’iufes 150E1, WO 03/036759 PCT/ GB02/ 04748 12 150E2. The

out puts of i rd upper sub-array splitter unit 1160 are connected to
the el ements E3 and E4 respectively by respective phase adjustnment devices
150E3, 150E4. Simlarly, the outputs of the second | ower sub-array splitter
unit 118B dhe ipmnectiedling 120és etnneeistddo e input B6 2rpyipas: SPVEEY upiy 116

respective phase. adj ust t . devjces 150E 150E6, a t he.outputs of the
third | over (@§®idgniisied a§r;§75lt t’&e ﬁ'ﬁf putpyge: HTeepr&WﬁWeﬁlfng?rt%l Bl ements E7

and E8 respectively, by re ti c st Vi HAEbri ES.
The functi off°BF° %(%top:%:gg%t Oz%ﬁﬁtsdtaﬁg%ﬂﬁ?eg?@??ﬁggiﬁéq&%%‘%g&i S toz)adj ust the
phase of the,ReSignale dineeRdie :Ren@btpipsaelee et 1y a predet erni ned
anount. Each mechani cal phase adjustnent device is arranged to adjust the
phase of signals on an associated transmssion line T connected to a
respective one of the antenna el enents El - ES8. 'gﬂ S egzld ust ment _of phase
i s achi eved e fiisheutput carrier line 106 is connected to an RF distribution ne work .

140N1 including first, second and third upper sub-array splitter units, 116A,

116B, 116C respectively. The second output carrier line 110 is connected to a '

second RF distribution network 140N2 including first, second and third lower

sub-array splitter units 118A, 118B, 118C respectively.

The first output carrier line 106 is connected to the input of the first upper sub-
array splitter unit 116A whilst the second output carrier line 110 is connected to
the input of the first lower sub-array splitter unit 118A. First and second outputs
of the first upper sub-array splitter unit 116A are connected to the inputs of
second and third upper sub-array splitter units 116B, 116C, respectively.
Similarly, first and second outputs of the first lower sub-array splitter unit 118A
are connected to the inputs of second and third lower sub-array splitter units

118B, 118C.

The antenna assembly 102 also includes phase adjustment means, in the form of
a plurality of mechanical phase adjustment devices 150E1 to 150E8. Specifically,
the outputs of the second upper sub-array splitter unit 116B are connected to the

elements E1 and E2 respectively by respective phase adjustment devices 150E1,



novenent of a novabl e nenber formed fromdielectric material di sposed
beneath the transm ssion |ine and the anmount or |evel of adjustnent can be
vari ed, a80demsi’sbed bel ow. Each mechani cal phase adj ust mPeil/GReio¢BE8 150EL -
150E8 i ncludes a base plate across which a transmssion line T to the
antenna el enment runs. In the iIIustratg‘cqizt enbodi ment, the base plate is
formed by a support nenber 602 of the enna assenbly. The device al so

i ncludes a generally planar nenber 604 of dielectric material which is
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pl ate 602 an 13% ?% tl%ﬂﬁ%l regfnnsnlﬁfl on &961}{}}%”5%28 ¥(§%§€§3% d(rgﬁlo%n%?%g?ﬁsv A)

general |y t rigsvaies®dnhecttd€o teslenicsi Pf and Bberedpechivy tespéctiviegphaselge 604
Is effected by neans of an actuating arm 152 WO 03/ 036759 PCT/ GB02/ 04748 13

driven by aradustmabbdevdcz Ki0HS, d§OE6$ en@dleacmtpmsmf th@thlr@lqveﬁrl sub-agtaipe,

| i near novenent of th wedge 604 rse t ansm ssi o line T
causes a griphfter ugit 118Csue C&’HB% H&?é?‘@@?ﬁs E% rgwepgwﬂg Ynt er posed

bet ween the reg@%%g}%lﬁgﬁog%ﬁﬁfeﬁ?d ge§ E@O@?sgqﬁrgate 602, thereby causing

t he phase of ransni ssi’on ne T to be shifted by an
anount which is dependent on the |inear position of the wedge relative to
the transm ssion |line. The anmount of phase shift applied to the signal on
t he transm sEhe@furciioa of theSphm adg'ngst]lnhnt goscdsi QRIS - ﬂﬁ@E&/ésngaCEOSI theneat h
the transmission |line T, the "wedge | e” (thelnternal | e Xdof t he
V- shape cut Phase of e R@d@@aleﬁﬁﬁplﬂ%toeq? AR elepeRidivt ¢ P& ?

dielectric nal%lgﬁrlltalEacﬁ ec?lgmcgle phase %ceijustment device is arranged to adjust the phase

of signals on an associated transmission line T connected to a respective one of
the antenna elements E1 - ES. This adjustment of phase is achieved by linear
movement of a movable member formed from dielectric material disposed
beneath the transmission line and the amount or level of adjustment can be

varied, as described below.

Each mechanical phase adjustment device 150E1 - 150ES8 includes a base plate
across which a transmission line T to the antenﬁa element runs. In the illustrated
embodiment, the base plate is formed by a support member 602 of the antenna
assembly. The device also includes a generally planar member 604 of dielectric
material which is disposed between the support member 602 and the transmission
line T. The plate of dielectric material 604, 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 to the transmission
line T in a direction (shown by arrow A) generally transverse to the transmission

line T. Movement of the wedge 604 is effected by means of an actuating arm 152



The provision of a respective nechani cal phase adjustnent device for each
antenna elenent E 1 - E8 permts adjustnent of the phase of signals

suppl i ed WO 030&0R i ndi vi dual el enent in the sub-arrays 100&T/GERB4748n
operation, the RF signal applied to the input port 112 on the antenna
assenbly 102 is applied, via the input the carrier line 120, to the
primary splitter unit 116. Consideringl3irstly the upper sub-array 100A
having el ements El to E4, the signal on the input carrier line 120 is
split into tdmvesilgnah actutdriéd7puchasyn spvo acteator urdwingli6 itsnshaps, limgaput on
the first and second output carrier lines 106, 110. .The, sjignal on the
first outputte¥pmerirof theavedgg 60k dtansyense 49 &?f‘aira%&méﬁ@{lﬁmﬁ fausgR of the

signal input _to the.prinmary spldtter. unit. 1. i S, | i i nput of
the first ustier Sl apbuifen dibBeuhl phetbfio bt seBE EPebeb s hes i gna
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suppl i ed to digeals opuhe ofanti&sidadardT ande shiftadobyupp emosbwhichaiy depéndener
units 116B, 116C, respect] velty. WO 03/ 036759 PCT/ GB02/ 04748 14 The second
and t hi rd uppetheslineasposifionpfithe svedgpirelotiva gpthertrgsmigemliagl it the signal
supplied to their respective inputs and supply each of these signals,
having a signal strength one eighth that of the signal on the input

carrier li nerﬁgg%gﬁ\t gf gﬁfsr%%ggg g¥@1% Ak sfégﬁl 6h SR RLSsssibA g T & deee

upper sub array ve phase "adj ustnent devices 150El to

150E4. Si ni | By kbe positidhef tevwedgubopbemthil @R Brarshessiorgliné Tonhd heedgeond
output carrier Iline 110, having a signal strength half that of the signal

i nput to theanpgleréthy intephdltangle Xraftthe Moshape auit ixgbithel wedge hand the elecsficalhe

first | ower sub-arra(gf plﬁjl;tter_ unit 1§1 8A. The first |ower sub-array
splitter uni PrOPEriEgs pt;P eleqiric NYRep! orIHNg WS WedSfnal s, each having a

signal strength one quarter that of the signal on the input

The provision of a respective mechanical phase adjustment device for each
antenna element E1 - E8 permits adjustment of the phase of signals supplied to

each individual element in the sub-arrays 100A, 100B.

In operation, the RF signal applied to the input port 112 on the antenna assembly
102 is applied, via the input the carrier line 120, to the primary splitter unit 116.
Considering firstly the upper sub-array 100A having elements E1 to E4, the
signal on the input carrier line 120 is split into two signals by the primary splitter
unit 116 and is output on the first and second output carrier lines 106, 110. The
signal on the first output carrier line 106, having a signal strength half that of the
signal input to the primary splitter unit 116, is supplied to the input of the first
upper sub-array splitter unit 116A which again splits the signal into two signals,
each having a signal strength one quarter that of the signal on the input carrier
line 120. Each of these two signals is supplied to the input of the second and
third upper sub-array splitter units 116B, 116C, respectively.



carrier line 120. Each of these two signals is supplied to the input of the
second and third | ower sub-array splitter units 118B, 118C, respectively.
The secoroan@3d7sd rd | ower sub-array splitter units 118B, PCTRBOag4I48 split
the signal supplied to their respective inputs and supply each of these
signals, having a signal strength one eighth that of the signal on the

i nput carrier line 120, to a respecti@é one of the elenents E5 to E8 in
the |l ower sub array 100B via respective phase_ adjustment devices 150E5 to

150E8. The pheassecent] asd third uppsri subariayopiities ungo E86Br &16¢ agngedlit theappl y a
redet er m ned ase _shift to the sighals s lied t h of, t I t

D oo CEp, "Bzl BRRitAgoRET rerpEeRT D Bt ppR e e el R
each el t. .0+t t i i i th
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nor e accur atgsfesfivé 8he opthe dlemearsesi ehE4daithe apserSublartabe0ievel . Movenent
of the actuating arm 152 in the directions shown by the arrow A is

achi eved by respeotive phasessijussmenhdevicesEdniosiOBZ0 or the |ike which is WD
03/ 036759 PCT/ GB02/ 04748 15 <controlled by a servo controller 162 in known
manner. Control signals generated by the servo controller 162 for

controlling &.h ervo i ] | a.a

cont rol _cabléémiﬁéﬁlya%%%glﬁ?\%glﬁg%%&?’l@@%’?‘#e) nggﬁf?%fﬁ%c%gﬁ%a ?_ﬁa@%{ Béelljr%g

subst ant i al |ypeamy), 4R§{dee sicBMOdtPongBNARK NG ofike SiShNIOnPRCRAME PHndh to be
controlled froma 'locationrenote fromthe antenna assenbly, for exanple
from the baptst ahitdn6]dsupplied éo Hesiapof of the fast kowea swhstrrayospligter anidi st ant
| ocation, if desired, several kilonetres awa The I&'bnear {’rpvemant of the
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carrier line 120. Each of these two signals is supplied to the input of the second

and third lower sub-array splitter units 118B, 118C, respectively.

The second and third lower sub-array splitter units 118B, 118C again split the
signal supplied to their respective inputs and supply each of these signals, having
a signal strength one eighth that of the signal on the input carrier line 120, to a
respective one of the elements E5 to E8 in the lower sub array 100B via

respective phase adjustment devices 150E5 to 150ES.

The phase adjustment devices 150E1 to 150E8 are arranged to apply a
predetermined phase shift to the signals supplied to each of the elements E1 to
E8. By providing an independent phase adjustment arrangement for each element
in the antenna assembly, the distribution of phase across the antenna assembly
can be accurately controlled. As such, the system allows more accurate control

of the boresight gain and side lobe level.

Movement of the actuating arm 152 in the directions shown by the arrow A is

achieved by means of a servo control mechanism 160 or the like which is



manner descri bed above. It will be noted that the phase adjustnent
arrangenents connected to the elenents E5 to E8 in the | ower sub-array
100B ar e wOwan3©@d conpared to those connected to the el eEMIGBIRI04148 E4 i n
t he upper sub-array 100A. Consequently, a negative phase shift applied to
the signals supplied to the elenents El to E4 in the upper sub-array wll
cause a positive phase shift to be appl#8d to the signals supplied to the
elenents E5 to E8 in the |lower sub-array 100B. It will be appreciated that
the "fanily condeslledrbyam genvertonablleh@62 o khowen mavines. Codifét sigels gdddAtetil 8B
al | ows signalll)s of equal signal _strength to be supplied to each of the

el enents in PhiessEEe conmoller 182 tayeantrpHmeths sgFomgehamsm 160 @ne sepplisse

approxi mat el § BEARH R AR 183 ng 1BEHOE pBregR] A OB e cp
carrier |inepe d2ubstditimlgnli @dirad ildg%tﬂ,serﬁl%ﬁﬁ Bd &rfo TherR8nishe1 600 d dual

phase adjustnment of the " signals supplied to antenna el enents -neans that a

propor ti onat eomsigjled! fromta Eegtion dérmbtei foorhi the ahenhi esseheblpfes exauple Adna
cosine squared distribution, is not required in order to provide nmaxi num
bor esi ght gaihg hage-statipe 404 atribe pasecof e anipana gpass, ootesdistant nsatime, ifwD
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conpl exi ty oind,lteneetadjtas tles phase o Rp@ABYupplied theadhiob@e edmenteyn i part s
required neans that the systemis prone to reliability problens. Figures

3A to 3C il | caennes desaribedrpbeneed apparatus for adjusting the phase of
signals supplied to the antenna el enments. The apparatus, denoted at 30, is
It will be noted that the phase adjustment arrangements connected to the elements
ES to E8 in the lower sub-array 100B are reversed compared to those connected
to the elements E1 to E4 in the upper sub-array 100A. Consequently, a negative
phase shift applied to the signals supplied to the elements E1 to E4 in the upper
sub-array will cause a positive phase shift to be applied to the signals supplied to

the elements E5 to E8 in the lower sub-array 100B.

It will be appreciated that the “family tree” arrangement of the splitter units
116A-116C, 118A-118B allows signals of equal signal strength to be supplied to
each of the elements in the upper sub-array 100A. In this arrangement, each of
the elements will be supplied with a signal having a signal strength
approximately one eighth the signal strength of the signal on the input carrier line
120. This configuration is appropriate since the individual phase adjustment of
the signals supplied to antenna elements means that a proportionate signal
strength distribution to the elements, such as a cosine squared distribution, is not
required in order to provide maximum boresight gain relative to the level éf the
side lobes in the VRP.



I ntended to replace a respective one of the nechanical phase adjustnent
devices 150El to 150E8 in Figure 2. The apparatus 30 conprises first
supporti ngormasssd n the formof a generally rectangul ar, PplrasBR/ob@ard 32
on which is printed or otherw se disposed first and second substantially
paral |l el conducting tracks 34a, 34b. In use, the tracks 34a, 34b forma
portion of the transm ssion line, T, which is connected between one of the
splitter units and a respective el ement of the antenna system It- will be
appr eci at ed Thecutarsma, oft Figtire P sufferst from ahumbenehdisadvantagese Inpaitisalirby t he

tracks 34a,. 34b js discontinuous. The, apparatus al so conpr,i ses . secon
supporting reamschanicyPhase Hﬁ“@%@@&ﬁag%@iﬁe‘lﬂ%q"iaﬁe ANBse éﬁilus'ﬁlil%\ﬁar

board 36. T e Nt .S s : hergon a
coupl i ng' 11 1 T REisPfts . MR Rl sFitudlsy b eneftiaRe? Bkt 670 3
i s di sposed ,3hpiR, I cRhpRRithTThé Bbtudot AriherdrigeflenbSd the enbekhe ar ms of
the U-shaped track 38 are arfanged to |ie above, and to capacitively

coupl e wi t h,meving paetstrequeirathmears thiae tHei systenaisdproae émdeliabdletyprodlems34b. |1 n
addition, the second board 36 is novable relative to the first board 32 in
a direction denoted by the arrow A. Such novenent of the second board 36

relative to t.he fiyrs ard 32 changes the a -\ r of the
coupl i ng trfdﬁu’f?é 3&(%%2@ lgygfgtf:ﬁg AR @yg?&gg%org%dém@%ggg gﬁg%gge?s; the WO
03/ 036759 PCT/ L 2480 We a6 @RREFblohiehrC AR dopdradfieiRpslonaeno, Fus, the
effective Igﬂ%owltée ?ra%gm' g@fon 1 ne de inléd By the tracks 34a, 34b
and the U shapaded taedpid® < appedtivevaieyof the updebenichbpletse adamstthentwievieed by
novi ng the second board 36. For exanple, in Figure 3b, the second board 36

i s shown sublsX0&dttoal JOESm Figyre 2ef t nost position, in which the effective
| ength of the transm ssion |ine defined

g )

The apparatus 30 comprises first supporting means in the form of a generally
rectaﬁgular, planar board 32 on which is printed or otherwise disposed first and
second substantially parallel conducting tracks 34a, 34b. In use, the tracks 34a,
34b form a portion of the transmission line, T, which is connected between one
of the splitter units and a respective element of the antenna system. It will be
appreciated, however, that the portion of transmission line defined by the tracks

34a, 34b is discontinuous.

The apparatus also comprises second supporting means in the form of a second,
generally rectangular, planar board 36. The second board 36 has printed or
otherwise disposed thereon a coupling link in the form of a U-shaped length of
conducting track 38 and is disposed above and plane parallel with the first board
32. The arms of the U-shaped track 38 are arranged to lie above, and to
capacitively couple with, a respective one of the first and second tracks 34a, 34b.
In addition, the second board 36 is movable relative to the first board 32 in a
direction denoted by the arrow A. Such movement of the second board 36
relative to the first board 32 changes the amount by which the arms of the

coupling track 38 extend over the tracks 34a, 34b and hence changes the



by the tracks 34a, 34b, 38 is substantially at its shortest. On the other
hand, in Figure 3C, the second board 36 is shown substantially at its

ri ght nostwp®siosd’eh in which the effective |l ength of the PCAGBIROEI48N |1 ne
defined by the tracks 34a, 34b, 38 is substantially at its |ongest. By
varying the effective length of the transmssion |line T through novenent
of the second board 36 relative to the 17rst board 32, variable anounts of
del ay can be added to the signal supplied to the antenna elenent. As such,
a desired Shiafptaci'tiﬂeQﬂ@&pﬁn%)thdréiﬁetwé@ﬂarhlﬁaﬂl&@ffmivbdmmih of thetrapgaissions of
Figure 3 additionally includes a generally planar dielectric _ substrate 40
which is di slméefumflbsaﬂtt igeaksr3ial g4bpadshebrsiaped tiark 38 qapacitivelyt  board

32, in a position adjacent to the.ends of the first and _second tracks 34a,
34b. The di f¥P{5d @16 ‘?YBé:f‘Pé’Fevaﬁ’@aﬂ’rye‘P@Y%‘ﬁltg?e ﬁ%\%onélsl?ﬂaéqilgét ric constant which
is higher than that of the first and second boards 32, 36. It will be
understood that, in certain positions of the second board 36, the coupling

link 38 ext epgiseitfple! IEFHiugt 8B fHeCseBoMB boBUSHAR. shBwnadubstahtigllyt Aeitamunt
by which the coupling |link extends over the dielectric substrate 40, “

t hrough noviefiemst pbsitibe, sewbivh theaffdcthe leagth of/thetiansmission Kne defined 32, a
further adjustnment .in fhe phase of signals on fhe transmssion line T can
be achi eved.by ﬁ}’f?etr?ﬂ@r% @&gr gg at F%taﬁgﬁﬁr}’ £ 18§ isil‘}rt‘?ﬁt- 6??6‘{{‘8 PgTeé@@Pﬁi’cm
substrate 4 lLaci anal.: 1 1.SSii ine T
and t hus adgg{gglggégéit%%]g%cg}éa&%%%gé?%Sthgign gllioﬁ’rlfia ua@ﬂﬁ%%é@@@%%é g@oﬂ& at ed
antenna el enghifch the effectiv® ®rdfP b Heal Almisitielifé @Efned BRlthd BeclafIacB48! the
dielectric substrate 40 on the signal supplied on WD 037036759

PCT/ GB02/ 04738 isl@ibstantiaily an sivilesdestn By narying thesiffectine length bftheachi eved by

t he wedge nenber of the nechanjcal phase adjustnent devices 150El - 150E8

shown in Fi giipesmissian e /b taroysh srovement gp Hicatasené popidydh eclativesto hgdirghase

adj ust ment O{)oasrldggflvsarﬁgle amounts of delay can be added to the signal supplied to the

antenna element. As such, a desired shift in phase of the signal can be achieved.

The apparatus of Figure 3 additionally includes a generally planar dielectric
substrate 40 which is disposed on, and generally plane parallel with, the first
board 32, in a position adjacent to the ends of the first and second tracks 34a,
34b. The dielectric substrate 40 preferably has a dielectric constant which is
higher than that of the first and second boards 32, 36.

It will be understood that, in certain positions of the second board 36, the
coupling link 38 extends over the dielectric substrate 40. By altefing the amount
by which the coupling link extends over the dielectric substrate 40, through
movement of the second board 36 relative to the first board 32, a further
adjustment in the phase of signals on the transmission line T can be achieved.
The increased relative permittivity of the dielectric substrate 40 reduces the
velocity of the signal on the transmission line T and thus adds an additional delay
to the signal supplied to the associated antenna element. It will be appreciated,

therefore, that the effect of the dielectric substrate 40 on the signal supplied on



the transmssion line is achieved by both the effective | engthening of the
track 34a, 34b, 38 and the use of a dielectric substrate. As a result, it
i S possi bWe mB03678dj ust the phase of a signal on the trans®CILRIROII4BE
within a greater range and nore accurately than with existing systens.
Moreover, owng to the use of a U shaped coupling track 38, novenent of
the second board 36 through a distance, *9d, results in a change in
effective length of the transm ssion |line of 2d, even w thout the use of

the diel ect rihe tsantsstisshoreling T Beimidaniepthet achia®@dnyntheewedge membenef econd
board will produce hange in effectiv gt he transm ssion |ine
of 20mm Fi gmeégam%'ﬁtpgla%g‘%}lﬁw Q%‘C%ﬁ(&ﬁg‘dggggisi’&wq 18 -ations of

the apparatus of Figure 3. Figure 4Aillustrates a so-called mcro-strip
construction having first and second boards 32, 36 as described above. The
first board A3 dRan@ge OPHChpp-Ratds 08 Mot 3R U2 HaSO adRMrdéhtiof Sighuld e e
opposite that on which the racks 34a; 34b are disposed so. as to forma

t ransmi ssi onthei transmisdion hime tis actkieved by bathi the efflectivertengtheaing efl the tirack
substrate layer 40 is not present hut a dielectric separator 43 is used
bet ween the P#-s34bad§ AubadspehRftelgotricaubsigateais|a sk, tdnpassitle f

i d_t. d ' f f nt.er - '
Gue 0 any | MBSTEEEERR B FRlRE B EREBUR TR B Ol s and L
coupl i ng |1 njyo38 ackilaiele R with léifsﬁﬁg Q9stBmS OMGHLORY, biin®tR R 1s81o¥Fia0n- of
t he apparatus. In this he second board 36 i.s interposed

embodi nent ,
bet ween t he fhapetl doopling &acki38, awveagdt bf theadecodboard3tdwomgh a distanced
pl ane 48. Again, no dielectric substrate 40 WO 03/036759 PCT/ GB02/ 04748 19
i's used. Thi ¢, sesvbgiimershapgoin efdectivedengih ofithe irapyaissiondesotfib pvehe
28'2? ;?;23_ arWelﬂer?l Hﬁaelgseao é ?eleecltﬁgts{lgs%qg %' CFo'?'%}Jalm%lléj, 4 ?Or%% }n%glement

of the second board will produce a change in effective length of the transmission

line of 20mm.

Figures 4A to 4D illustrate various practical implementations of the apparatus of
Figure 3. Figure 4A illustrates a so-called micro-strip construction having first
and second boards 32, 36 as described above. The first board 32 has a
conductive ground plane 42 disposed on its surface opposite that on which the
tracks 34a, 34b are disposed so as to form a transmission line with the tracks. In
this embodiment, a dielectric substrate layer 40 is not present but a dielectric
separator 43 is used between the first and second boards 32, 36 to facilitate
capacitive coupling and to reduce interference from Inter-Modulation Products
(IMPs) due to any intermittent Ohmic contact between the tracks 34a, 34b and
the coupling link 38.

Figure 4B illustrates a so-called tri-plate version of the apparatus. In this
embodiment, the second board 36 is interposed between the first board 32 and an

additional board 46 having a ground plane 48. Again, no dielectric substrate 40



Figure 4C illustrates an apparatus simlar to that of Figure 4A but with
the addition of the dielectric substrate |ayer 40 descri bed above. In this
enbodi merwp 0308@sgr ound plane 42 is provided on an additi @calGHyeMs@850
which is used to support the first board 32 and the dielectric substrate

| ayer 40. Figure 4D illustrates a tri- b;te versi on of the apparatus of
Figure 4C. As in the case of the appar&lus of Figure 4B, an additional

| oner board 46 having a ground plane 48 is provided, the second board 36
bei ng di sposiedasedt Enigeibodimenieprosities theoadvantagrethabloases fuemeahel appesatusr st
board 32. Again, uced Io ses and .b r. contai nnent, of the RF field are
achi eved. Fi aggrrgdlgpqﬂ@qglstpp ceromagpati¢ %&Iaf?lgris tt?%‘éor&%ﬁ atus of Figure 3.
Figure 5A shows a top plan view of the apparatus and Figure 5B shows a
bottom plan view. For sone applications, it may be required to increase

the range OrFRERMAC iAlisthesen appirhtusYimier ﬁymﬂff\bﬁm%ﬂs 4peb@ppith @k t 0
signals on the transmssion line T. This my be achieved by providing a

third, interaddifien of thendisleciricesubstrate 13ver 4 dedeeibed iabeve.Hoahts gabodifnent,hi r d

track 34c is_U shaped and is di sposed between the fjrst nd se ond
conducti ve tﬂlﬁcﬂ@u@‘hﬁlangzﬂg $rprgv1gi@$@p§§a&,dp LPP%W 5Q whi &i nent ,

1 espoct | veporedtE: b BB R b AL iy AR h?sLQEeL‘”m"f

thereon. A first one of the coupling |links 38a |s arranged to capacitively
couple with the first track 34a and one armof the third track 38c. The
second one BigurddéDcibluptrateg al triqdate3&irsion cdrthaapeatatue of digaiet 40 eAy im:dwpl e
with the second track 34b and the other armof the third track 34c.

03/ 036759 PoRseREhoappgaly of [Higwe 4B 0 asitieraldowar bpaid 49 having 3 ground

enbodi nent, nt of .th econd boar tive t he r board 32
will result Sﬁ légf%‘fldﬁqe‘ratﬁaée?qugtf g ?égellng FRPsge itetriibedié
additional lower board 46 and the first board 32. Again, reduced losses and

better containment of the RF field are achieved.

Figure 5 illustrates a modification to the apparatus of Figure 3. Figure SA shows
a top plan view of the apparatus and Figure 5B shows a bottom plan view. For
some applications, it may be required to increase the range or amount of phase
shift or delay which can be applied to signals on the transmission line T. This
may be achieved by providing a third, intermediate conductive track 34c on the
first board 32. The third track 34c is U-shaped and is disposed between the first

and second conductive tracks 34a, 34b in a reverse orientation.

In this embodiment, the second board 36 has two coupling links or tracks, each
in the form of a respective U-shaped track 38a, 38b, printed or otherwise
disposed thereon. A first one of the coupling links 38a is arranged to capacitively
couple with the first track 34a and one arm of the third track 38c. The second
one of the coupling links 38b is arranged to capacitively couple with the second

track 34b and the other arm of the third track 34c.



the transmssion line T conpared with the enbodi nent of Figure 3. For
exanpl e, a 10mm novenent of the second board 36 will produce a change in
ef fecti vewbDengsd1sof the transm ssion |ine of around 40mm PTRiIGBM4ABgeENt
of two coupling links or tracks and three conductive tracks is hereafter
referred to as a "series" arrangenent. In the enbodinents of Figures 3 to
5, the apparatus is intended to be conrfdtted to a transnission line for a
single antenna el enent. Thus, an antenna having a plurality of el enents,
such as a pHasdd berappyeciatté threa, invhid etnbodingent,omoesmentdifithe secomderoand 3bhe
apparatus of Figures 3 to 5, one for each elenent as in the prior _art
enbodi nent  delativg de shefirspboned 32 wyill rasulbings grasterchange i gifestyeileragth of

d he. pri of , h [ . f | i ed del ay,
e ol aneRien T coppireh Ry R YRR R AR AT o der 1o
effect the xaffie eadl@xﬁﬁ?ﬁlo%gglfgfrlt gfth%%c&icgﬂé’ahﬁsﬁmﬂ RFdi’qué’ alcR@ngd gTENt S

Clearly, this invdlves a nu novi ng part I ncreases conplexity

and cost ancffeedue éengthi of itadirhhdnyissibh dine &f@rsbadOmac 'eimbiraagdyent arf

i nprovenment to the apparatus of Figures 3 to 5 and pernits use of the
appar at us i rivangoaphiag Jinks erdracke iang tlreplconductivg tedcks as bereafter referred e
enbodi ment of Fjgure,6, the apparatus may be used in an antenna system
havi ng four %t §se|a§w@g@1§16%9 to E4. Alternatively, the apparatus can be
considered to replace the nechani cal phase adjustnent devices 150El to
150E4 in the antenna system of Figure 2 and these reference nunerals are

used in Fi gUnahé ehtbddidesdiof Fagiires SAOElithe apgparhaRss iMehddd/ 03 /dodnected
PCT/ GB02/ 04748 21 Thus, the enbodi nent of Figure 6 consists of four phase

adj ust ment dew tassmissian Hinedor agizgle anteang elearent oThes redueoténne havingkes and
coupling I nﬁﬁraﬁ‘% %t[l e?errr?ents, such as a phased array antenna, will have a corresponding
number of the apparatus of Figures 3 to 5, one for each element as in the prior
art embodiment of Figure 2. Whilst this arrangement certainly provides
advantages over the prior art, such as improved accuracy of applied delay, it still
requires that each apparatus be moved simultaneously in order to effect the
required phase shift to the signals supplied to the elements. Clearly, this involves
a number of moving parts which increases complexity and cost and reduces

reliability.

Figure 6 shows, schematically, an improvement to the apparatus of Figures 3 to
5 and permits use of the apparatus in antenna systems having a plurality of
elements. In the embodiment of Figure 6, the apparatus may be used in an
antenna system having four antenna elements E1 to E4. Alternatively, the
apparatus can be considered to replace the mechanical phase adjustment devices
150E1 to 150E4 in the antenna system of Figure 2 and these reference numerals

are used in Figure 6 to indicate corresponding devices.



simlar in formand operation to the apparatus of Figure 3. In this

i nproved enbodi nent, the first and second conductive tracks 34a, 34b of
each deviwe 0awgs78 i nt ed or ot herwi se di sposed on a commonPCIrrGRO20¢ABd 32.
However, rather than being straight tracks as in the apparatus of Figure 3,
the first and second tracks 34a, 34b of each device are arcuate in form

t hough still parallel. First and secorfd tracks 34aEl, 34bEl of the first
device are disposed on a first half of the first board 32 at _a region

radi al | y outTiarsd thef ethbeditireat o§ Figure (econsistsorfofode phase. adinstmgnkecviedse fir st

and second tracks 34aE4, 34bE4 of the fourth  device gre di.sposed on a
second hal f €g¢h hagingiansarrangement of gondpciiyg trgks 3’31‘%1 SPYRI ﬁlcgfar? he

tracks of the third.devi ] r froma first, "input"
edge of  t he SIgt pRAtkESopdalon 8 e ity of MARES, | ERNE L ey T or
exanpl e, correspond to the splitter unit i i 6A of Figure 2. Second and
third tracks T2, T3 extend fromthe outputs of the first splitter unit
116A to i npunshisfimpropeat tmbedsemonthedindt amd setosgicondeativeriracks B48834b ofi6C
whi ch may, for exanple, correspond to the splitter unit 1&)68, %%GC
respect i vel yeagh deviggrase printachen atherwise dipopkst OB A CPHE“%%%E% 02l P¥ter unit,

track T4 extends to.f t egi on ad] i ik h
econd ar cuge Ve Sieaisp iy ing gt B BRBCIEERC shihuphd FIFRUE 0
transm st ofyidd B Seddd (Atks 405 54B0E GIAIS GBI arBhate T forrh! hebglasglIat e

track 34aE for t I'rst vice is disposed radially outwardly of the

second trackpa4hél Fardasd sequiel tpakal3daEls Béblet of theglimsh dédceraregdisposedat t he

transmssion line T for the first antenna element El. WO 03/03 75%

PCT/ GB02/ 04 7a §irstamifrofstheifirat beard Rqmeregia radialbkeutyastof theskexs offRe | at t er

S)r(t)\?in ggggf ];; gqrgﬁtgg %Xﬁﬁgﬁﬂ%ﬁg%ptﬁg fﬁgt e{nrziese%:gr(l: Prgclgso MatEtf r34ﬂﬁ'4tofjtljt§ Byurtt?
device are disposed on a second half of the first board 32 at a region radially

outward of the tracks of the third device.

A first track T1 extends from a first, “input” edge of the first board 32 to a first
splitter unit 116A which may, for example, correspond to the splitter unit 116A
of Figure 2. Second and third tracks T2, T3 extend from the outputs of the first
splitter unit 116A to inputs of respective second and third splitter units 116B,
116C which may, for example, correspond to the splitter units 116B, 116C

respectively of Figure 2.

From a first output of the second splitter unit, a track T4 extends to form, at a
region adjacent to its free end, the second arcuate track 34bE1 for the first device
which forms part of the transmission line T for the first antenna element E1. The
first arcuate track 34aE1 for the first device is disposed radially outwardly of the
second track 34bE1 and extends parallel thereto, again forming part of the

transmission line T for the first antenna element E1.



connected to the antenna el enment E2, this arrangenent being provided
radially inwardly of the first device and the tracks 34aE2, 34bE2 bei ng
somewhat wWbh®sw0gd759 i n | ength than those of the first devi c@CTUR20#T48t and
second outputs of the third splitter unit 116C are connected to third and
fourth devices, respectively, the third device being associated wth and
connected to the third antenna el enent B3 and the fourth bei ng associ at ed
with and connected to the fourth antenna elenent E4. It can be seen that

the arrangepeglinill at¥asksea\¢f ©R134282! BAKSE) Ofhelihger %{lﬂ%&ﬁ Hid D

devices are disposed on the first board 32 substantia trically
relative to sé¢nosd auiputhod thé secondasplitteeunind 1By isqmoyideddot tlee $ecoad dkvice
symmetry S extendi ng between a _mdpoint of the input edge of the first

g i . ) .
board and a RPHSEEa toghe pRiensp glesnend E2, dhis mutangggent bring provided radiplhy at us
al so include 36, .shown, | tLine i igure 6 hut . best
i |lustrated ﬁh@?gﬁ&gg’?%&iﬁ%ﬂﬁ %n(gﬁvottr%qﬁs%élhbr gﬁhﬁ%g’ﬁ gc%ﬂ’i‘?‘f“é@?aéc?h?ﬁeli he
first boardiy ' , i Gidus pivotal or rotatable about an
axis of the bo%rngmgl%ﬁ?}ﬁgggughmggﬁﬁq&é%he second board 36 has printed or
ot herwi se di sposed thereon four coupling links, each in the formof a

respective U-shaped track 38El -38E4 havi nﬁ arnms, which are arcuate and
gener al | y pafBefupt arthiecond ontputs ofipiei thiyd|sphitesep 11 6Cdire sonrattedatd thindy

inwardly of the.first coupling |.ink 38El. corresponding 1o the relative
posi tions of a?ﬁgoqr%9?V18?£Jﬁ§%ﬁhﬁ&¥’ gfe%ﬁél qvllcsetslg)eé%l assg@l@éqf{ngg\ﬁnées on the
first board 3gnpek j ; n&gﬂ I L ek - r.e:
di sposed subst%rﬁet F% lﬁ)%éghmﬁg?ﬁeggﬂe{/é abou 3 %}Eieh]kirﬂégrtgf s%r%?&éteg Vslrﬂél ative
to the fir st anhdosesetsbitocthy fbuly ahichks efdleht FAGERcan/be GemOBar &2
PCT/ GB02/ 04748 23 In use, angular novenent or rotation of the second board
36 rel ative awangementrafitracks and coupling links of the third and fourth devices are

disposed on the first board 32 substantially symmetrically relative to those of the

first and second devices, about a line of symmetry S extending between a

midpoint of the input edge of the first board and a midpoint of the opposite,

output edge thereof.

The apparatus also includeé a second board 36, shown in outline in Figure 6 but
best illustrated in Figure 7, which is pivotally or rotatably connected to the first
board 32 at a point C, and is thus pivotal or rotatable about an axis of the board
32 through point C. The second board 36 has printed or otherwise disposed
thereon four coupling links, each in the form of a respective U-shaped track
38E1 -38E4 having arms which are arcuate and generally parallel. The second
coupling link 38E2 is disposed radially inwardly of the first coupling link 38E1
corresponding to the relative positions of the track arrangements of the first and
1 second devices on the first board 32. The third and fourth coupling links 38E3,
38E4 are disposed substantially symmetrically about the line of symmetry S

relative to the first and second coupling links 38E1, 38E2.



board 32 about pivot point C causes the coupling |inks 38E1 - 38E4 on the
second board 36 to capacitively couple, to a greater or |esser extent, with
the tracwe 034347584b of the correspondi ng device on the fiPCSIGEWQ4E832, in
the manner described with reference to the apparatus of Figure 3. The
anount or angular novenent of the second board 36 relative to the first
board 32 determ nes how far each coupli23g |ink extends over the respective
conductive track and, hence, the anmount of phase adjustnent or delay which
is applied tin kg sigalkalBovimdii®r rofi0aBfIAE 98tdndRard 9698RAVARS BRBrst
element. In this manner, the phase of signals supplied on the transm ssion
lines to all boargr3babautigivettprinCalausasithe couplingelinkd3 Bt e B8B4rmutie novenent

of a single board.36. It will he ynderstood that rotation of the second
board 36 in, S?%ngé%%‘bﬁé,m&ap%ql%@ﬂwcgﬁplﬁi FQ8 reHen PR lesses sxtant, withithe

connected t o PR A5 0GE Mk Rew iR itvice Bhuby Bri AR b he iRy e guce
the effectivaedceib@tiRvigh réfefenct 30 $HE f5iapitub bfﬁglﬁ'@@.‘eﬁhggnfo‘&nﬁ BEan&ligTEnt S

E3, E4. Furthernore, the increase in effective |engt the transm ssion
line to the fiavemenebétientecEhd bohid Derejaiiad ey thelfast bowtl 30f ddthenihe@hswi ssi on
line to the econlgil element E2 owing to the greater initial length of the
conduct i ve t Fdgashseypiing lighwxterds ovpithe; tespecgizg icopdudtiviei tragkl apd, hiaece,

d [ f i h,of th i i. [ . h h

o emont ea e Sfbaior A BaRiberbdl or P RhRE: 8 Aopbi i el Sl e ¢ i 1 o
| Ea. gre : . o .

el ement trﬁn;@rﬁi(;stslon' 1he?"t8 @ach ndehhd efeﬁ?epﬁ{%iﬂﬂi?{xg%érs thd ﬁlﬁﬁ!& S%'fg_?gen;é}e’s?' mim

bor esi ght gain an maxi num suppr essi on o S obes abl e

to retain a buppid @héedrafsidisdionliaes wosil faur ¢fl the @htehe elénhdnid édipBe | n the
preferred enbodi nent, therefore, delays of T, 2T, 3T and 4T, or relative
equi val ent s fdiasiedfthrangh mpyement afx singlewoao®B636759 PCT/ GBO2/ 04748

It will be understood that rotation of the second board 36 in, for example, a
clockwise direction with respect to the drawing will increase the effective length
of the transmission lines connected to the first and second antenna elements E1,

E2, but will reduce the effective length of the transmission lines connected to the

elements E3, E4.

Furthermore, the increase in effective length of the transmission line to the first
element E1 will be greater than that of the transmission line to the second
element E2 owing to the greater initial length of the conductive tracks 34aE1,
34bE1 in the first device. Similarly, the decrease in effective length of the
transmission line to the fourth element E4 will be greater than that of the

transmission line to the third element E3.

In fact, in order to tilt the antenna whilst retaining maximum boresight gain and
maximum suppression of the side lobes it is preferable to retain a linear phase
front over most or all of the tilt range. In the preferred embodiment, therefore,

delays of T, 2T, 3T and 4T, or relative equivalents thereof, are applied to the



24 elenments El to E4, by the respective phase adjustnent device. In
practice, this is achieved by ensuring that the radial positions of the
tracks 3440 034086768§ each device are separated by equal amPOmIGBO2/0#748

nodi fication to the apparatus of Figure 6, part of which is illustrated in
Figure 8, each phase adjustnent device has a series arrangenent of coupling
links and tracks, as described with refddence to Figure 5, in order to

i ncrease the range of delay which can be applied to signals on the
respective telenenissBl emE4| byehe kespsctive plxsk iadatstmers, deivicendy pbectidesthisisl e to
have a series arrangenent for sone devices and a single arrangenent for

ot her devi cegchi¢yegulpeemsuring that theagdiehpositiegsoel theftracks 3daudth aheasnks 38a,
38b on the secand board %6 hor alserie arrangenent of a single device. In
an al t er nat i Y& ERBBSREACE BYGAULARONS-e 10, the signal distribution
network conprising the splitters 116A, 1 16B, 1 16C are di sposed on the
second board 36 and connection between the antenna port or the splitter
unit 116 (denesdhdsdficdtior foeths Wppranaf ofFiguEN6 Spard of kichisaillagyateddn t he
first splitter unit 1 16A is via a single conductive input track Ti and a
capaci tive | Figurei8yicheh phasetadiusemeaniedevice hasa sqrieasarangemenireheoudiigces on

the first b 32, Fi 1 illustrat I . th . t of
conduct i ve t KRG Hachas dpitedhbipEEws © FiedEchn s b Bercermtin <
enbodi nent, eg [ ice. ' of
condulcti ve tireaﬁe{?l% Cglr%g nggidglﬁéa{ﬁﬁ[};ét?mﬁ% Itgg}ghgfs &gg‘}é Ir%g‘? C@?Efﬁﬁdgg\ v%gmpar al | el

tracks as i nlih8erPscgd licatidas Gt nkstbeeadrdbleRoitve aSiefek aktangernbet for
conductive link for each device conprises only a single, arcuate |ength of

track rat her sehanesices ahd pesingle ariangemeéntt fioaosher sievimes .| Figare Pnllugmies the

coupling link capacitively couples with the respective track in the sane
manner as deﬁa&ppgeﬁﬂw&np gﬂw%ﬁl}@?, Peb pRithe sepepdiboard 36 for asenies

arrangement of a single device.

In an alternative embodiment shown in Figure 10, the signal distribution network
comprising the splitters 116A, 116B, 116C are disposed on the second board 36
and connection between the antenna port or the splitter unit 116 (depending on
the number of elements in the antenna) and the first splitter unit 116A is via a
single conductive input track Ti and a capacitive link similar to those used in the

phase adjustment devices on the first board 32.

Figure 11 illustrates more clearly the arrangement of conductive tracks and the
splitter units on the second board 36. In this embodimént, each phase adjustment
device has only a single length of conductive track disposed on the first board.
32, rather than two parallel tracks as in the previously described embodiments.
Similarly, the conductive link for each device comprises only a single, arcuate

length of track rather than a U-shaped section of transmission line.

In use, the coupling link capacitively couples with the respective track in the

same manner as described previously but, in this embodiment, a 10mm



WO 03/ 036759 PCT/ GB02/ 04748 25 novenent of the second board 36 will
produce an effective increase in length of the transm ssion line of 10mm
Fi gure 12wploBisd7sat es a nodification to the apparatus of PCF@GBI/04@8and 11
in which each phase adjustnment device includes an arrangement of tracks
and coupling links which gives an effective increase in length of the
transmission line of three times the di 3%ance noved by the second board 36.
Figure 13 illustrates the layout of the conductive tracks 38aEl, 38bE2 on
the second b@avemsst ¢fothetsheondrheprd S61wilbpitodiceren effestivalinicrensé sn lawgth 0ff t he
coupling Ii ntgl for a.single dﬁ\t{ ce. Referring nowto Figure 14, this
i|lustrates eﬁ‘f?&’éﬁ’dsséqf? €9 system incorporating a number of
apparatus according to the invention. In the enbodiment shown in Figure
14, each apparatus 152E1 to 152E4 is used to control the phase of signals

suppl i ed to Figarsepallatmatéd flddsicitionas e %ﬂﬁ&fm%?'ri%ﬁeﬁb%asl "Ry Dbe.

broadly simlar to the apparatus shown in Figures 6 to 9 but having
conduct i ve tWhish eagh phaspadingimienh klevau:a;1 anmextﬂlsram:armiiglemelngp? P@c@ﬁﬁf Dot ween
adj ust ment devi ces .j nstead of four. The anal ogy and/or differences be

t hJe appar at‘ifglpﬁPg RInkS vehigh gxves anteifesipe inareasedn lengih of shetransmission llinge

' ' . [ 14, |
movenent of Trire,die R ilbs kel by 8 sBane i ap- g atlPdten (o
152E4 (whi chthangydul offiee EQidRcale GQ0RY 8841 CIghEY! & afdl sgﬁéﬂd bqqggag;fo?\fﬁg by

| i near novenent ‘of an actuating arm 152. The actuating arm

pi votal |y andigere &2 enibodihgntyrsaiditeatks doresial thé colslingi BEsfora Sagh ®RRRRY, at us.
As in the enbodi nent of Figure 2, novenent of the actuating arm 152 in the
directions shown by the arrow A is achieved by neans of a servo notor 160

g; ;hgelr i/(l;e'Ref-gﬁ?nf %(r)\\;/votorﬁtggrre f'ﬁEOth}SSill%gt?ai,tQS g%ﬂ%srec()il altr?gy g teﬁrilag g\y%[[ésmgener ated
incorporating a number of apparatus according to the invention. In the
embodiment shown in Figure 14, each apparatus 152E1 to 152E4 is used to
control the phase of signals supplied to two separate antenna elements. Thus each
apparatus may be broadly similar to the apparatus shown in Figures 6 to 9 but
having conductive track and coupling link arrangements for only two phase
adjustment devices instead of four. The analogy and/or differences between the

apparatus of Figure 14 and the apparatus of Figures 6 to 9 will be fully
understood by those skilled in the art.

In Figure 14, angular movement of the second boards in the phase adjustment
apparatus 152E1 to 152E4 (which are in the form of generally circular discs) is
achieved by linear movement of an actuating arm 152. The actuating arm 152 is
pivotally and eccentrically mounted to each of the discs in each apparatus. As in
the embodiment of Figure 2, movement of the actuating arm 152 in the directions
shown by the arrow A is achieved by means of a servo motor 160 or the like.
The servo motor 160 is again controlled by signals generated by a servo
controller 162 and supplied to the servo motor 160 via a control cable 164 and a

control port 166. The servo controller 162 may be located remote from the



controller 162 and supplied to the servo notor 160 via a control cable 164
and a control port 166. The servo controller 162 may be | ocated renote
fromthe WO0B3O36759 PCT/ GB02/ 04748 26 antenna assenbl y PCOZ;BORO#748xanpl e
in the base-station 104. The base station 104 nmay be |ocated at the base
of the antenna mast, or may be | ocated several mles fromthe antenna nast
if preferred. It will be appreciated tI2t such |inear novement will result
in the sane angul ar novenent applied to each disc. In order to retain

maxi num bor @sienht agsnmblzid2, fanexaniplefn thecbasit deationbk04. efte) Isase istativayl Jde
necessary for each antenna elenment El- E8 to have a different phase shift
for a gi ven et Bhiocgtedaiviberbase off the qatenns waast.ngr may hellegated gevenalsmiase t he

arrangenent $.Q onductive tracks and coupling links for each device may
be sl i ghtly%{ﬁr%ft@? afiFiieg Hﬁsﬁeﬁﬁﬁﬁ?’*&mﬁs in Figure 10) in order to give the

desired rel ationship between |inear novenent of the actuating arm 162 and
phase shift of signals supplied to the elenents. Figures 15 and 16 show a

further enbddiviikibt apprecidibdi gtat atieh Hinsirtrheveanaitamiiofesult e thy @seNindulment i on
can be used with a dual-polari t%@antenna assenbly. The use of dual

pol ari ty ant@eveanes apphed iseach | Inloxdemntoarethin anarimuinn boxesight gaimaridc at i on
systens. Figur 5.1, a,front. view of four elenent, dual polarit

ant enna 702%936'Pf18f ﬂ'{ﬁogé@eeif’%ﬁilﬁ‘(ﬁl%s“% RECEBRTY Tar paghy %E%mﬁge?eras&m lane
704. The axi t Ak f : s i ndi

dashed |ine %{%J‘{éhﬁli@?n%@cﬁﬁﬁgﬁﬁﬁf@g qaét%eﬂn g’é‘%&é@%ﬁ’%@é@%@@“ﬁf a
stack of crassett2. dnpbiseasd M&%?ﬁmr%ﬂ @hdatied aaBr snddotplife Btiksangl ed
at +45 to the vertical and the other array of elenents El- to E4- at -45
to the vertifenpachmiryiceamagye dightlpaiifierent dor eyample &f ihdRigimee1) ialarderi cal |y
separate W ttg g?\lzeg&%lfes{rgg r112:1t211:qc(?nship between linear movement of the actuating arm

162 and phase shift of signals supplied to the elements.

Figures 15 and 16 show a further embodiment and illustrate how the system of
the present invention can be used with a dual-polarity antenna assembly. The use
of dual polarity antenna assemblies is well known and common in
telecommunication systems. Figure 15 is a front view of a four element, dual
polarity antenna 702 having crossed dipoles mounted above a reflecting
backplane 704. The axis of rotation of the second board 36 is indicated by the
dashed line X.

In this embodiment, the antenna assembly 702 consists of a stack of crossed

dipole elements, one array of elements E1+ to E4+ angled at +45° to the z
vertical and the other array of elements E1- to E4- at —45° to the vertical. The

arrays for each polarity are effectively electrically separate with signals from the
base-station 104 being applied to individual signal distribution networks via

separate input ports 112 (as in Figure 2) to be supplied to each array.



base-station 104 being applied to individual signal distribution networks
via separate input ports 112 (as in Figure 2) to be supplied to each
array. WOV03B03GF359 PCT/ GB02/ 04748 27 Each array is thusPpor@mBoded4si t h a
respective separate phase adjustnent apparatus, such as that described
above with reference to Figures 6 to 13 However, both apparatus are

adj ust abl e by neans of a commobn servo c%%trol not or, such as that

described in relation to Figures 2 and 14, so that both arrays have the
sane angl e oF3CH AERY IScAPs provided-illydrespectiveispataée plrase dditstBerinbl y in pl an
view. The fi S I nt. . ar at connectedto the antenna

el enents E1 +in’ OMEQ% S:aﬁﬁl %Iﬁ Eﬁ%or@ Férillg/egf)%ooqvg r#ﬁlil/ re%élfqngg %% SHPIFS §§O glt_,,

arr angement sl bRk ithrhils ARSaERSGEIRmtkDof PLERARGE LG es 3
and 4A. Specifically, th@lgppgr at 3%5 corrgﬁi%grens a ?f?gts oarscftrg%cghllguglvi ng
conducti ve tmatokssBAeastthaBdésctibpd imreldtion toFipmred 3 endilgpes dht tboet ganys a
dielectric substrate 40 + di sposed adjacent to the end of the first board
32+, and a l¥edhe syBaPEge! glegiricy H.U- shaped coupling |ink 38+ printed or

ot herwi se disposed thereon. The second phase adjustnment apparatus
connected to the antenna elenents El- to E4- in the negative polarity

array conpriis; ki gﬁ}% i kLSt j
appar at us, ﬁ?gﬂ@gb%‘ﬁﬁ%@aﬂt ac égt%%hggg%ﬂg\? I‘/#‘?hrgh#)??%tep hggép%(gpgﬁ{u%tvi a an
addi tional apparhtigiCotmetedgoahgantenda pleataitOR 1 eaeES W fna@@ positiveopatityose

of the additional board 146 and ground planes is described with ‘reference
to Figures ZAT3YoCQIPrisefearsagangentad ag dllserated3id-amak descihed witharefargatehier vi a,

and novabl e j.0i ntly by, CO. shaft coupled to a servo nmechani sm such
as that descreB&d %’?‘% 48 gﬁ’@@gﬁgﬁy’t@elﬁipa COTHPIASCE 3 lmgngtfhaf’ HE
second boar o R¥ AN + | 34b+ printed or otherwise disposed thereon, a

dielectric substrate 40+ disposed adjacent to the end of the first board 32+, and

a second board 36+ having a U-shaped coupling link 38 + printed or otherwise

disposed thereon.

The second phase adjustment apparatus connected to the antenna elements E1- to
E4- in the negative polarity array comprises a similar arrangement to the first
phase adjustment apparatus, which is mounted “back-to-back” with the first
apparatus via an additional board 146 having a ground plane on each surface.
*The purpose of the additional board 146 and ground planes is described with

reference to Figures 4A to 4D.

The second boards 36+, 36- are connected together via, and movable jointly by,
a common shaft coupled to a servo mechanism, such as that described with
reference to Figures 2 and 13. Movement of the second boards may be angular,
as in the embodiments of Figures 6 to 12, or linear, as in the embodiments of
Figures 3 to 5. It will be understood that the embodiments of Figures 3 to 5 may

be extended to include two or more phase adjustment devices so that linear



as in the enbodi nents of Figures 6 to 12, or linear, as in the enbodi nents
of Figures 3to 5. It will be understood that the enbodi nents of Figures 3
to 5 may wbasesd’ended to i ncl ude two or nore phase adj ust PERIGRIRMITEIES SO
that |inear WD 03/036759 PCT/ GB02/ 04748 28 novenent of a single, common
second board 36 can adjust the phase of ii gnals on two or nore

transm ssion lines. It will be appreci a% d that the present invention

provi des for_ the independent hase shifting of individual elenents within
a phased ar rI§9V%H?‘§rf§fg? gpgice FP?I%T‘T‘@ secapd i’@?‘r%o?g EHbadinsisihe phasg Qfnsigrals

supplied to d4.hdi Vi . el nts allows an optimum VRP or beam
@by gfiﬁ?cl e?\}[}{n Diicn ks

pattern to be produce maxi mum boresi ght gain and | ower side | obe
| evel s. The performance of such an antenna systemis inproved conpared
with existing systens. Specifically, the invention provides a nunber of
advant ages dvavilleve appiregjated yhatehs prdsent imvemtpdrepravidesfoe thef indepérient | y or
angul arly novabl e, hoard _enables the correct amount of delay to be applied

to the si gnd?h#seshibingaf inliudes elements vitun arphesed aray @plenng spser A heaxi num
bor esi ght gaj i i f .t i de | ob h f
DTt gl eo uspeBlde TR bRE ot URRGRE fipBllat to idiFica s e RETS bR 9 ©
hi eved th t i t : : i
cost and vl JMTVRERE beln Sitckn T BN axEh e bt gmif ST 0O

be i npl enentledensidedobe tevete Thefpatidrirmnesvf sednsi sntehnDsSierd 4 inp®ved
mcro-strip or tri-plate constructions, depending on requirenents.

Final Iy, thecoyapared vaHeexsting sysigmped coupling |inks together with the
dielectric substrate 40 pernmts a large increase in effective length of the
transmssion line for a relatively small novenent of the second board. The

use of the d%%e%f%%ll&i, tSHRRAGG Frovid& inufibér APidvARRIzes bPePiquhe an

addi ti onal
systems. For example, the use of a linearly or angularly movable board enables

the correct amount of delay to be applied to the signals supplied to each antenna
element, thereby to obtain maximum boresight gain and maximum suppression of
the side lobes over the range of tilt angles of the antenna. Furthermore, this
correct phase shift is achieved through movement of only a single antenna

element, thus reducing cost and weight and improving reliability.

In addition, the invention may be implemented using a number of different
constructions, such as micro-strip or tri-plate constructions, depending on
requirements. Finally, the use of one more U-shaped coupling links together with
the dielectric substrate 40 permits a large increase in effective length of the
transmission line for a relatively small movement of the second board. The use
of the dielectric substrate is entirely optional, to provide an additional delay

effect, and can be used with any of the embodiments described above if desired.

It will be appreciated that the present invention is applicable to an assembly
having any number of antenna elements (at least two) grouped into any number

of sub-arrays, and including an assembly having a number, n, of antenna



effect, and can be used wth any of the enbodi nents descri bed above if
desired. It will be appreciated that the present invention is applicable
to an asswOBBM367AAVIi ng any nunber of antenna el ements (at PCEFAER020¥ES
grouped into any nunber of sub-arrays, and including an assenbly having a
nunber, n, of antenna WO 03/ 036759 PCE& 02/ 04748 29 elements with one
antenna el enent in each sub-array (i.e.”’n sub-arrays). It wll also be

appreci ated that the system described previously is described as a system
for transni Pﬁ@ﬂ?@tw&hﬁr@ aam%rznaaf‘@%m@mdﬁaapb Sp-apiay di Gahisubtayrays). lrawilloe

d ' h i fi . f
oD el et alp HeChpi iR Rk STIEA I hod PR b dStibRt s S on
pattern tr al’cﬁﬂﬂriﬁs@iﬁttﬁfgjéi?ﬁalﬁ @a@,iaa@ﬂicfrfaﬁwrm@tenﬂ%%ﬁf} 3t ﬂﬁg%éb(%ﬁérﬂ%a oyt
a elenent's, but instead

physi cal |y noving the antenna radone, of the anten

i npl ement edrépgivedjsysteimg t he phase of signals supplied to one or nore of
the antenna elenents. It wll be appreciated, however, that electrical
tilt may be adjusted by an arrangenent having both nmechani cal and

el ectrical FdjogihoantheadpetEithtion a5 réBRAMBe tOreB@ERl 81t' Bhdll 88%f&ebdo
Furthernore, for the arrangenent in Figure 14, it wll be appreciated that

t he adj ust nBean@idjusenent ofi thalradiation pagidrarteatsamdttéxy andYer received tain thbase
adj ust ment arran ementb? 150E1- 15QE2 or 152El- 152E2 includes an el ectrical
control reafenigassemy, Aithoyt phycally pevingihe gpicapa Tadome, tihe katernhe

mbi ned f "a syst i.uSt | h
S eot s oo B bup iyt ORI freB by adhudihd B phite FCibRhL SnilG, oo
ar r angement oa®ot hrk of Y afleBsd EleGRintsTAR be IE‘ERMCHte&)’?‘s&@Q’%eS@f; egdhtergit )

al though the antenna system of the present invehtion
in terns of elehwicat titsnay beadiRed bynapreahganeritiavisbemmédbhnical gie@r abl y be

adapted for el%gt%{c%i iagjrlllstinrllenrt%%e%gn%s,n%ds%owvr\f]g); ee?cgm;a?eeinalgitgg?en ?4. Furthermore,
for the arrangement in Figure 14, it will be appreciated that the adjustment of
electrical tilt implemented by the mechanical phase adjustment arrangements
150E1-150E2 or 152E1-152E2 includes an electrical control means, in the form
of the servo controller 162, such that the combined system may be referred to as
"a system for adjusting the electrical tilt of an antenna system including a

mechanical adjustment arrangement controlled by electrical means”.

It will be appreciated that, although the antenna system of the present invention
is described herein in terms of the transmitted VRP, in practice the system will
preferably be adapted for operation in receive mode, whereby the antenna
elements are arranged to receive signals, and such adaptation would be readily

apparent to a person skilled in the art based on the preceding description.



el ements are arranged to receive signals, and such adaptation woul d be
readily apparent to a person skilled in the art based on the preceding
descri pt iw0.03M8788/ 036759 PCT/ GB02/ 04748 30 CLAIMS 1. AmCappmweasus (30)
for adjusting the phase of signals supplied to each elenent (El-En) of an
antenna having a plurality of antenna el enents, each elenent having a
respective transmssion |line (34a, 34y associated therewith, the

apparatus conprising: first supporting neans (32) having a plurality of
said transm ssion |ines (34a, 34b)dgL%a§?§d t hereon, and second supporting
means. (36), novable relative to sai supporting neans (32), having a
plurality of coupling links (38) disposed thereon, wherein each of said
coupling links (38) conprises a J.ength of transnjssion lin arranged to
capacitivély conarparpiup (39) faadudme be rhasg 0%15% ggqp(l,lﬁ?htpﬁ@gﬁ( 34a,

34b) such ¢t hat nt. of said second s ti nean 36) relative to
said fi rélﬁf%%gﬁﬁ fﬁg&ﬁg&{l@%?iagﬁnlgeq Bﬂﬁﬁﬁ e‘?{%ltw%g]ieé}%%% & lallone or
nore of sg 1 SS) - . : ] iU nt
o the phasthept WU & PBRt BantoifRiornihy (oAb Iy el R Mcrefit hED
appar at usaﬁﬁdﬁﬁgid@qbﬂmng! aim1, wherein the first and second supporting
nmeans each conprise 'a reSpective board nenber (32, 36) on which the
transm ssion lines or coupling links, respectively, are printed or

otherw se disposed. 3. An apparatus as clainmed in claim2, wherein the
second bofirst swppbeing pRens (32)dhaving 8dluealy of shisk Gaasnaissipn|lings £8#9, novabl e

relative the fir board nenber (32).
52b) Qisposeds ereon, and (32)

second supporting means (36), movable relative to said first supporting means

(32), having a plurality of coupling links (38) disposed thereon,

wherein each of said coupling links (38) comprises a length of transmission line
arranged to capécitively couple with at least one of said transmission lines (34a,
34b) such that movement of said second supporting means (36) relative to said
first supporting means (32) alters the effective length of one or more of said
transmission lines (34a, 34b), thereby to permit adjustment of the phase of

signals supplied to one or more element (E1-En).

2. An apparatus as claimed in claim 1, wherein the first and second
supporting means each comprise a respective board member (32, 36) on which
the transmission lines or coupling links, respectively, are printed or otherwise

disposed.

3. An apparatus as claimed in claim 2, wherein the second board member
(36) is arranged to be substantially linearly movable relative to the first board
member (32).

SUBSTITUTE SHEET (RULE 26)



SUBSTI TUTE SHEET (RULE 26) WD 03/ 036759 PCT/ GB02/ 04748 31 4. An apparatus
as clainmed in claim2, wherein the second board nenber (36) is arranged to
be rot at awDe308678Ngul arly novable relative to the first be®ardBoesaer (32).
5. An apparatus as clainmed in any of clains 2 to 4, wherein novenent of the
second board nenber (36) relative to the first board nmenber (32) changes
the capacitive coupling between the ggupling [inks (38) and the

transm ssion lines (34a, 34b), thereby to alter the effective | ength of

t he transm ssi ' . r a | i l.al 2 to 5,
further conpri m@@?g%ﬂsglse@%p@u@éﬁgf 3@1%‘@?588?)%@%8%&@8 q@?st board
member (3@%60)31%')31'& i to ngvl%@ﬁ%leqir 159F Al aBRAFda iR REME(1BA) bbgi@t i ve to
the first ard member 32) causes greater or |lesser portion of one or
nmore of theemeerni32ng |inks (38) to extend over the dielectric substrate
(40), thereby to alter further the phase of signals on the transm ssion
line (34a, 34b). 7. An apparatus -as clained in claim®6, wherein the
dielectric substrate (40) is , disposed on the fi:ﬂst oard nenber ( %ein a
posi tion Adj aceHt APRATERS asiRiaipned Heany 9§ﬁ]§?fﬁ1§§it8 | Vhgs mpyemeng i the  an

apparatus as clained in.claim6,0r claim.  J4ncluding a gound plane (42)
di sposed éﬁﬁ%ﬁeﬁqaﬁ@?wge'f ﬁ@rek@gp&oﬂbﬁg@t fe%agflm : %%1 (%pcg’ragg& ﬁ?s
clained i i: i r : i i ground
ol ane. boar B3 Copttiy Bechecnd cRUBAng JARE (38 and e RARMRGHA IR 51 0
first boarsyiresms! tedeby td Qlter’theadTRastiveUen@h ofl the MRehsiissioty lifis.cl aims 6 to
9, conprising a Second ™ ground pl ane board nenber (46) having a second
ground pl ane (48), wherein the

6. An apparatus as claimed in any of claims 2 to 5, further comprising a

dielectric substrate (40) disposed on the first board member (32) such that

movement of the second board member (36) relative to the first board member

(32) causes a greater or lesser portion of one or more of the coupling links (38)

to extend over the dielectric substrate (40), thereby to alter further the phase of

signals on the transmission line (34a, 34b).

7. An apparatus-as claimed in claim 6, wherein the dielectric substrate (40) is
disposed on the first board member (32) in a position adjacent to the end of the

transmission lines (34a, 34b).

8. An apparatus as claimed in claim 6 or claim 7, including a ground plane

(42) disposed adjacent to the first board member (32).
9. An apparatus as claimed in claim 8, wherein the ground plane (42) is
provided on a ground plane board member (50) carrying the dielectric substrate

(40) and the first board member (32).

10.  An apparatus as claimed in any of claims 6 to 9, comprising a second

ground plane board member (46) having a second ground plane (48), wherein the

SUBSTITUTE SHEET (RULE 26)



SUBSTI TUTE SHEET (RULE 26) WD 03/ 036759 PCT/ GB02/ 04748 32 second board
menber (36) is disposed between the first board nenber (32) and the second
ground plaoesloddasd nmenber (46). 11. n apparatus as cl ai ne®CrrcBRp4@8 cl ai s
2 to 5 wherein the transmssion |lines (34a, 34b) are di sposed on a first
surface of the first board nenber (32) and a conductive ground plane (42)

i s disposed on a second, opposing surkace of the first board nenber (32).
12 An apparatus as clainmed in any of aims 2 to 11 wherein a dielectric

separator (43) is arranged between the first and. second board ers (32,
36) to fé?ﬁqnﬂtbﬁaégé%agﬁﬁf ¢ GLpOs betsenrbe disahboard meg ShlarANs as

clainmed ipg any of clai 1 to 12, wherein.each coupling I|ink conprises one
or nore Uﬂgerﬁ% Bdlgéﬂbl?ﬁla@fﬂ Q%éﬁgm@g?ro@%i ne (38a, 38b). 14. An-apparatus
as claimed in any of clains 1 to 13, wherein each transm ssion |line (34a,
34b) di sposed on the first supporting nmeans (32) is substantially

straight. 115. Anppapandhyslased |ifiafpbfiokiaty2 & 5¢ haic®inlkhe erahdmiydied ei n
each transmi ssion line (34a, 34b) di sposed on the first supporting nmeans
(32) is olinesa(3aat3db) arendispésedion apjuast sunfsceasf tHeafirst dhoard nleaber(32) wher ei n
a transm ssion |line_ (34aEl, 34bEl) associated with a first, one of said

el enents #&d p Gondyeiive geerndapliage 1(§2) isulispasad n & seqonds PPBesiBg shrfaee eB4aE2,

34bE2) asgocj.ated with se d one of said elenments (E2). 17. An
appar at usalfshﬁﬁtzﬁoﬁ&mqma@raégyl& wherein a coupling |ink (38El)
SUBSTI TUTE SHEET (RULE 26)
12 An apparatus as claimed in any of claims 2 to 11 wherein a dielectric
separator (43) is arranged between the first and second board members (32, 36)

to facilitate capacitive coupling therebetween.

13.  An apparatus as claimed in any of claims 1 to 12, wherein each coupling

link comprises one or more U-shaped lengths of transmission line (38a, 38b).

14.  An-apparatus as claimed in any of claims 1 to 13, wherein each
transmission line (34a, 34b) disposed on the first supporting means (32) is

substantially straight.

15.  An apparatus as claimed in any of claims 1 to 13, wherein each
transmission line (34a, 34b) disposed on the first supporting means (32) is of

arcuate form.

16.  An apparatus as claimed in claim 15, wherein a transmission line (34aEl,
34bE1) associated with a first one of said elements (E1) is arranged radially
outward of a transmission line (34aE2, 34bE2) associated with a second one of

said elements (E2).

17.  An apparatus as claimed in claim 16, wherein a coupling link (38E1)

SUBSTITUTE SHEET (RULE 26)



WO 03/ 036759 PCT/ GB02/ 04748 33 associated with a first one of said
elements (El) is arranged radially outward of a coupling |ink (38E2)
associ at edowswsr78 second one of said elements (E2). 18. ARCagRAIY8 as
claimed in any of clains 1 to 17, including a series arrangenent of
coupling links and transm ssion |ines associated with each of the elenents
(El-En). 19. An apparatus as clainmed g9 any of clains 1 to 17, wherein a
single transmission |ine of the first supporting neans (32) is associated

of ol ot mosopgRwRRET AR briens said Bl (B i RERBH B o Ry k2 o7
he fi - See i ' ~ d
Such. t hat S D e OB et M & e

first supporting neans (32) permts adjustnent of the phase of signals
supplied to each el ement by an anount different fromthe phase of signals
suppl i ed 1® at Aheapparame astchamed|inraaytof ddimsAh tadfaimtludingsa sdragsmed i n any
of claims 1 to 20, conprising a splitter, arrangement (1 16A, 116B, 116C)
for distrapaegemen)i ¢freauplivgdpksanddrangmissigntlines asseaintediwith eacteof #i9 to
transm ssi,on linﬁ%lp 4aEl - 34aE4; 34bEl- 34bE4) associated with two or nore

el enent s, clsBen atus as claimed in any of clains 2 to 21, further

conprising actuating nmeans (160, 162, 164) coupled to the second board
menber (36) for effecting novenent thereof relative to the first board

menber (329, 2&n @@a@ﬂiﬁ%@fcﬁn@ﬁ ifil iy BICIAiing | 3b 172 yhepbRY £hihgka! d
actuati ng neans nprises an actuating arm (164) driven by a“servo control
ar r angenetrhn{rhfizjon L BEHETIISE sGpihdriingRokdn2@R) is associated with each of the

elements (E1-En).

20.  An apparatus as claimed in any of claims 1 to 19, wherein the
transmission lines and coupling links of the first and second supporting means
(32, 36) respectively.are arranged such that movement of the second supporting
means (36) relative to the first supporting means (32) permits adjustment of the
phase of signals supplied to each element by an amount different from the phase

of signals supplied to at least one other element.

21.  An apparatus as claimed in any of claims 1 to 20, comprising a splitter
arrangement (116A, 116B, 116C) for distributing signals supplied on an input
transmission line (T1) to transmission lines (34aE1-34aE4; 34bE1-34bE4)

associated with two or more elements.

22.  An apparatus as claimed in any of claims 2 to 21, further comprising
actuating means (160, 162, 164) coupled to the second board member (36) for

effecting movement thereof relative to the first board member (32).

23. An‘apparatus as claimed in claim 22, wherein said actuating means

comprises an actuating arm (164) driven by a servo control arrangement (162).

SUBSTITUTE SHEET (RULE 26)



WO 03/ 036759 PCT/ GB02/ 04748 34 24. An antenna system conprising a
plurality of antenna elenents (El-En) and an apparatus as clained in any
of clai mew0 08036239 f or adj usting the phase of signals suppCirgBozo4mE8ch

el ement of the antenna system SUBSTI TUTE SHEET ( RULE 26)

34

24. An antenna system comprising a plurality of antenna elements (E1-En)
and an apparatus as claimed in any of claims 1 to 23 for adjusting the phase of

signals supplied to each element of the antenna system.

SUBSTITUTE SHEET (RULE 26)



