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AI\I'I'EI\INA ARRANGEMENT FOR A VEHI CLE W NDOW This invention elates to ané/e>/qs
aptenna arrangement for a vehicle w ndow. 5 It has increasi
becoe a requirement for equipnent within vehicles to be able to
transmt and receive in the UHF band, for exanple, for use in connection
with cellul ar tel ephone, satellite navi gation systens or for other uses. 10
Comonly, to provide for UHF receptlon a vehlcle IS pI’OVI ded with a whip
antenna which is in | engt ANEENX ANGEMENTN FOR Lk V] DO v el engt h of
the signal to be received. Alter natively, a si ngl e vertlcal stub ant enna

may be nounted on a w ngaw, usuallx_eg& ear w ndow of the vehicle. A
problemwith the arr angﬂﬁ‘@nf% VI EPi TERtEB o e\nsa?tfﬁtnaaﬁfﬁ?ﬂ?dgleﬁ e %ubj ect
to nultipath receptiwehigiiecwindow.

5

It has increasingly become a requirement for
equipment within vehic}es to be able;to transmit and
receive in the UHF band, for example, for use in
connection with cellular telephone, satellite'navigatiqn

10 systems or for other uses.

Commonly, to provide for UHF reception, a vehicle is

provided with a whip antenna which is in length a
multiple of one quarter of the wavelength of the signal

15 to be received. Alternatively,-a single vertical stub
antenna may be mounted on a window, usually the rear

window of the wvehicle.

A problem with the arrangements described above is

20 that antennas are subject to multipath recéption which
leads to fast fading of the signal received, which, in

the case of an audio signal, causes a general “break-up”

in reception. Multipath reception is a consequence of
signals being received by the ‘antenna both directly from

25 a transmission source and after reflection from different
surfaces. Commonly, such surfaces include walls of

building in a built-up urban environment.

It is an aim of the present invention to provide an
30 antenna arrangement in which the effect of fast fading

upon the quality of the received signal can be reduced.

According to a first aspect of the present invention

therefore there is provided an antenna comprising
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| eads*to fast fading of the signal received, which, in the case of an audio
skgnal , ‘causes a general "break-up" 20 In reception. Miltipath reception
is a consequence of signals being received by the antenna both directly
froma transm ssion source and after reflection fromdifferent surfaces.
Commonl vy, such surfaces I ncl ude wal | s of gw | ding in a built-up urban

envi ronnent . | s an ai mof the present invention to provide an
ant enna arrangemer}%cggv N g effest, of s%ag? NGURQBe t it @I [ ty of
t he received signal can sauced. “Aecor di i TSt aspect o

present inventi onaFﬁéfl%f%ﬁé‘ t‘-’rf@t“édl Elﬁ%\ﬁrdé‘é An%ﬁ‘[‘%ﬁﬁ?&léﬁnﬁ??%q% 30
recei vi ng el ement @1anént, hare anteimnbetihg bpéaneababem’ﬂrﬁrt&ﬁ:tgbngl asodesgr ound

pl ane or as a counthg{_‘pﬁgi %J gﬁogﬁg&qd%beggn vehﬁ%% of which elenents
ca c

are forned of elecC y-con I've matertal, characterised in that

The modes_beiné suitable for providing diversity
reception at high frequencies, output: signals being
sourced selectively froﬁl whichever mode provides the
stronger output signal. This arrangement at least

10 mitigates, the abovementioned fast fading problems

associated with previously used arrangements.

Signals may be fed to and from the modes by means of

a hybrid element, which, in operation, permits the modes

15 to be combined without affecting the operation of the
antenna itself. The hybrid element may comprise a wound

transformer or a conductive ring structure.

The ground plane may be constituted by an edge of

20 the window or alternatively may comprise a conductive
ground strip printed on the window. More preferably, a
tuned conductive element is provided (to constitute a

counterpoise resonant elemené}_inspgad of the ground

plane.
25
The antenna may have two elements symmetrically
inclined about a median plane which extends normal to an
centrally of the ground plane or the resonant element, as
the case may be.
30

In a preferred form, each element comprises a loop
of conductive material. A first end of each loop may be
connected to the base element, second ends of the loops

being interconnected at a common point. In such
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the receiving elenents are forned as conductive strips, 2 angled to one
anot her and to the ground plane, and in that signals fromthe antenna may
be derived fromtwo outputs corresponding respectively to the sumand the
di fference of outputs of the receiving el ements, whereby 5 the antenna is
operabl e in orthogonal nodes when placed on a w ndow pane. The nodes being
suitable for providing diversity receptionszat high frequencies, output
signal s being sourced selectively from whi chever node provides the 10
stronger out put emgadimentsLhi sigoalsngeyente aedleastanﬂ/prgaﬁm thee

abovenent i oned fa%htéﬁgérﬁllﬁﬂgbkgﬂﬁbn point.

In an alternative mode of operation of an antenna

5 embodying the invention, the two modes are opei“able
separately or in combination through a hybrid element,

~ signals being connected with the anténna through a
circuit operative to combine the two modes in appropriate
phase and amplitude to produce, in effect, single antenna

10 of an optimised performance. As will be discussed below,
this mode of operation is particularly advantageous when

the antenna is to be used to transmit signals.

In some. circumstances, the two modes may each
15 exhibit resonance two or more at substantially different
frequencies, so enabling reception and/or transmission of

signals in different frequency bands.

An antenna embodying the invention may be used in

20 combination with a switching circuit whereby the antenna

is operable as an adaptive antenna system having

directional characteristics variable in real time under
automatic control. B

25 Most advantageously, an antenna embodying the
invention is formed as a pattern of conductors printed
onto a glass pane. These conductors may be formed at very
low cost as part of the process whereby a heater is
formed on the pane. In such embodiments, a portion of the

30 pattern may constitutes a hybrid element, and a further
portion of the pattern may constitute an impedance

matching element.

An antenna embodying the invention may be provided



assoctated wth previously used arrangenents. Signals nmay be fed to and
feom t he nodes by nmeans of a hybrid el enent, which, in operation, permts
.the nodes 15 to be conbined without affecting the operation of the
antenna itself. The hybrid el ement may conprise a wound transformer or a
conductive ring structure. The ground plane nmay be constituted by an edge
of 20 t he wi ndow or alternatively nmay cofprise a conductive ground strip
printed on the window. Mre preferably, a tuned conductive elenent is
provi ded (to const®t BREL L& A PBEFN%S SYFEYH ARNFOBMRREAPY Wikt 838588 t he
ground pl ane. 25 Hmeeanhenna nmay have two el enents symetrically inclined
about a nedi an pl ane which extends nornal to an centrally of the ground

pl ane or the resonant elenent, as . . ) .
Although it is not possible to use a diversity

5 antenna system for transmission, the antenna of the
present invention is advantageous when used as a
transmission antenna. A major problem associated with
transmission of high-frequency signals from wvehicles
arises from the interaction between the antenna and the

10 conductive vehicle body. It has been found in practice
that the nature of the interaction varies substantially
from one model of vehicle to another, with the
consegquence that it has not hitherto been possible to
produce a gengric transmission antenna optimised for use

15 in a wide range of vehicles.

In a second of its aspects the invention provides a
transmission antenna comprising an antenna according to
the first aspect of the invention, and a combining and

20 tuning circuit, in which the combining and tuhing circuit
adjusts the directional and bandwidth characteristics of
the antenna to the vehicle with which it is intended for

use.

25 Thus, a common antenna can be used on a wide range
of vehicles, it being necessary to tailor ‘only the
combining and tuning circuit to the characteristics of

the wvehicle.

30 - As will be appreciated by those skilled in the art,
a transmission antenna which has two separably operable
orthogonal modes can, with suitable combining and tuning,
exhibit an extremely diverse range of directional,‘

polarisation and other characteristics. Such a circuit



the case may be. 30 In a preferred form each elenent conprises a | oop of
cenductive material. A first end of each |oop may be connected to the base
el ement, second ends of the | oops being interconnected at a conmon point.
I'n such 3 enbodi nents, signals may be fed to and/or fromthe antenna
at the common point. In an alternative nodsé of operation of an antenna 5
enbodyi ng the invention, the two nodes are operable separately or in
combi nati on t hr oudiypachyby jispesesrenirhasegehilfs bri agadeintettd wignal he
antenna through afed to one of the modes with respect to the other, and

which after combination effects a relative difference in

the magnitudes of the signals.

Embodiments of the invention will now be described
in detail, by way of example, with reference to the
accompanying drawings in which: '

Figures la and 1b show schematic views of two forms

10 of antenna applied to a car window;

Figure 2 shows a schematic representation of a
circuit including the antenna of Fig. 1 for receiving
signals from a remote source;

Figure 3 shows a schematic representation of a

15 circuit including the antenna of Fig. 1 for transmitting
signals to a remote source; _

Figure 4 shows an antenna being alternative
embodiment of the present invention; and

Figure 5 shown an alternative hybrid structure

20 suitable for use in an antenna embodying the invention.

Referring now to the Figures 1 to 3, there is shown
in Figure 1 an antenna arrangement 11 embodying the
invention applied to a window 12 of a vehicle. The

25 window 12 shown is a rear window of a motor car, although
it is to be understood that the invention can be applied

to any suitable window of any suitable vehicle.

The window 12 comprises a glass pane 13 which is

30 generally rectangular or trapezoidal (depending upon its
application). The pane 13 has top and bottom long edges
14,16 which typically extend approximately horizontally,

and two short upright side edges 17,18. The pane 13 may

be flat or curved and may lie in a plane (or is curved



circutt operative to conbine the two nodes in appropriate phase and
agplitude to produce, in effect, single antenna 10 of an optim sed
performance. As will be discussed bel ow, this node of operation is
particul arly advant ageous when the antenna is to be used to transmt
signals. In some, circunstances, the two n%des may each 15 exhibit
resonance two or nore at substantlal |y difflerent frequencies, so enabling

reception and/or trangniesign, ogla%' 9“@111&1{3 dgtgﬁm&a&iymquap s. An

antenna enbodyi ng the inventi o use nation with a
switching circuit %d’@&#“ﬁﬂetan%ﬁn&e?%l%eréﬁl &5 a8on¥enidapet ve TR enna
system havi ng di r eedneornal” fular st tBin Sin cpendhgabh ea | metradalbotly mef utisker

automatic control . véﬁc&e and f/sbsstealgg\/%%ongouﬁlzgr an%nalflgge%@a?‘at%ﬁmdy' ng

the invention is for as a pattern o uctors printe
5 relative to the perlphery or the openlng with a sealing

gasket formed from rubber or similar material, or a
suitable adhesive.

The pane 13 typically incorporateé a heater, the
10 prime purpose of which is to demist and defrost it, but
which may also be used as an antenna for receiving radio
signals. The heater comprises a series of parallel,
horizontal conductors 19, running between upright bus
bars 21,22. The conductors and bars are formed on the
15 inner surface of the glass pane 13 for example, being
applied thereto as narrow, flat, printed, conductive
strips. The bus bars 21,22 are connected to the d.c.
power supply of the vehicle via an operating switch. As
is common in vehicle electrical practice, one bus bar is
20 connected to the vehicle earth (i.e. the car body which
is directly connected to the negative terminal of the
vehicle's battery) and the other bus bar is connected by
a lead to a positive supply vfégan operating switch which
may be located for example on the vehicle dashboard.
25
The heater conductors 19 extend across a major part
of the surface area of the window pane but there is a
region between the top edge 14 of the window pane 13 and
the uppermost heater conductor 19 in which no such heater
30 conductors 19 are provided. In this region there are two
straight antenna conductors 23,24 (see Fig. la) which are
inclined relative to. each other having an angle of
substantially 90° therebetween. The antenna conductors

23,24 are also inclined relative to the upper edge 14 of



onto & gl ass pane. These conductors may be forned at very | ow cost as part
ofs the process whereby a heater is forned on the pane. In such enbodi nents,
a portion of the 30 pattern may constitutes a hybrid el enent, and a
further portion of the pattern nmay constitute an i npedance matching

el ement. An antenna enbodying the invention nmay be provided 4 as part of
an antenna systemin conbination with anot her ant enna. Al though it is not

possi bl e to use atggven§ t 1? ant enna ?g em_for transmssi on t he

indo .at_an_angle h enna, conductdrs
antenna of the present 19Rehti on s EiValt ateous” Whéh Geed RLH

23,24 are incorporated in or are applied to the inner
surface of the pane 13, most advantageously being formed
in the same manner as the heater. The antenna conductors
S 23,24 may comprise a 0.4mm wire fixed by adhesive to the
surface of the pane; or the conductors may comprise a

narrow flat printed conductive strip, say:1l to 1¥mm wide.

The conductors 23,24 are relatively short being

10 significantly shorter than the edges of the window frame.

In this embodiment, each of the antenna conductors

23,24 resonates in with respect to a ground plane
constituted by the conductive vehicle body( adjacent the

is5 window apertﬁre. The modes of resonance of the two

antenna conductors 23,24 are substantially orthogonal.

In Figure. 1b, an alternative form of antenna
arrangement is shown in which ends of the antenna

20 conductors 23,24 remote from the edge 14 of the window
are linked by a third conductor 25 forming a loop. It

has been found that the provision of such a loop can
advantageously wmodify the iﬁpedanqe and directiocnal
characteristics of the antenna which can otherwise not be

25 optimal.

As shown in Figure 2, if the antenna is to be used
for reception, its antenna conductors 23,24 can
conveniently be connected via ‘a hybrid transformer

30 arrangement 50 to radio reception apparatus to act as an
antenna therefor. The operation of the hybrid
transformer 50 is such that it combines the output from
the two antenna conductors 23,24 to provide two outputs

at 52 and 54 respectively which are orthogonal to one



transm ssion antenna. A mgjor problem associated with transm ssion of
hi.gh-frequency signals fromvehicles arises fromthe interaction between

t he antenna and the 10 conductive vehicle body. It has been found in
practice that the nature of the interaction varies substantially from one
nodel of vehicle to another, with the consequence that it has not hitherto
been possible to produce a generic transni%sion antenna optim sed for use
15 in a w de ranggFgf vehicl es. second . of S ects the invention

provi des a transnPeSFBRY afferfiy’s dﬁp?ag??ﬁfﬁiﬁlani 8°ﬁ Lo RGNS  he
first aspect of tRAédiniamlilyn, ianc a pordernyngf arte BPbrid wniraggemeroui t, in

whi ch the combi ni Ragnde{ U NGhoBE " fitlclradfll Uslch thE digsctional and
bandwi dt h characteristics of the antenna to the vehicle with which it is

i ntended for use.
5 The outputs from each of the antenna conductors

23,24 are added in phase by the transformer arrangement
50 to produce r.f. current vector in the antenna at right
angles to the edge 14 of the window or are subtracted out
of phase to a net r.f. current vector essentially

10 parallel to the edge 14 of the window. As these two
phases of polarisation produce an orthogonal r.f. field,
they are totally independent and thus cannot interfere
with one another.

15 In use,.the stronger one of the two outputs 52,54
can be selected (for example, by a high-speed automatic
charge switch controlled by a signal strength detector)
to give, effectively, a diversity reception. This can
reduce the effect of fast fading due to multipath

20 propagation of the received signals.

Figure 3 shows one circuit arrangement 60 suitable
for use when the antenna iéﬁ‘beingh_used to transmit
signals to a remote site. 1In this case, the inputs to

25 one of the orthogonal modes of the antenna conductors 23,
24 are fed through a quarter-wavelength delay'(in this
case, a length of feeder 61 as shown in the figure) with
respect to the other mode. This arrangement gives a
signal which is circularly or elliptically polarised and

30 this is compatible with a wide range of polarisations of
the remote site. As will be readily appreciated, the
relative phases and amplitudes of the signals fed to the
two modes could be varied in other ways to effect a wide

variety of directional and polarisation properties of the



25 : Thus, a commopn antenna can be used on a w de -range of vehicles,

i t. bej ng necessary to tailor only the conbining and tuning circuit to the
characteristics of the vehicle. 30 As will be appreciated by those
skilled in the art, a transm ssion antenna whi ch has two separably operable
ort hogonal nodes can, with suitable conbining and tuning, exhibit an
extrenely diverse range of directional, poParisation and ot her
characteristics. Such a circuit 5 typically inposes a phase shift or a
delay in the sign@mtf882to one of the nbdes with respect to the other, and
whi ch after conbination effects a relative difference in

In.applying to a vehicle an antenna as described in

the last-preceding paragraph, the circuit arrangement 61

5 may be designed to acc¢ount for the effect of the
conductive parts of the vehicle. In this manner, the
performance of the antenna as a transmitting antenna can

be adjusted to offer an optimised performance

characteristic.
10
' An alternative embodiment of the invention is
illustrated in Figure 4. This embodiment may provide a
more appropriate impedance over a wider bandwidth as
compared with the above described embodiment.
15

It will be appreciated that the vehicle body is only
an approximation to a ground plane. 1In some cases, the
deviation from a truly aperiodic ground state is
sufficient to cause maloperation of the antenna due to

- 20 resonances inherent in the body adjacent the antenna. As
this may be disadvantageous to the performance of the
antenna, an aim of this embodiment is to ameliorate this
effect. ' o

25 . The antenna comprises a base element 100 being a
rectangular conductive ‘strip, intended to be disposed
substantially horizontally. A hypothetical median plane
A can be defined to intersect the base element 100 at its
mid-point, and to extend normal to the base element 100.

30 | _

First and second antenna conductors 110,112 extend
from the base element 100 each at an angle of 45° to it.
The antenna conductors 110,112 diverge from approximately

the intersection of the base element 100 and the median



t he magni tudes of the signals. 5 Enbodi nents of the invention will now be
dgscribed in detail, by way of exanple, with reference to the acconpanying
drawi ngs in which: Figures la and | b show schematic views of two fornms 10
of antenna applied to a car wi ndow, Figure 2 shows a schematic
representation of a circuit including the antenna of Fig. 1 for receiving
signals froma renote source; Figure 3 shows a schematic representation of
al5 circuit ingiyding the antenna of Fig. 1 for transmtting signals to
a renote source; Figure 4 shows an antenna being alternative enbodi nent of
the present invention; and Figure 5 shown an alternative hybrid structure
Each-of the antenna conductors 110,112 comprises a

loop of conductive material. A first part 116 of the

5 loop is electrically connected to the base element 100,
as at 114, and extends at 45° from it. A second part 118

of the loop extends parallel to and spaced ffom the first
part 116 to interconnect with the second part 116 of the
loop of the other of the antenna conductors at a common

10 point 120. A short bridging element 122 interconnects
the first and second parts 116,118 to complete the loop.

The common point 120 constitutes a feed point at

which signals may be fed to and from the antenna. A

15 coaxial feeder (not shown) may be used, its screen being
connected to the mid-point of the base element 100.

The base element 100 serves as a counterpoise

resonant element to the antenna conductors 110,112. This

20 effectively isolates the antenna conductors 110,112 from
the effects of the wvehicle body.

The following dimensions  have been used in one

embodiment. Base element: 118mm x 5mm; and antenna

25 conductors each 51mm long, 1.5mm wide, and separated by

lmm. These have been found to be applicable for use with
signals in the range 870 to 960 MHZ.

With reference to Figure 5, an alternative hybrid

30 structure is shown which can be conveniently formed as a
conductive element printed on the glass in the same
process in which the heater and the antenna conductors

are formed.



20 suitable for use in an antenna enbodying the invention. Referring now
teo the Figures 1 to 3, there is shown in Figure 1 an antenna arrangenent 11
enbodyi ng the invention applied to a wi ndow 12 of a vehicle. The 25

Wi ndow 12 shown is a rear wi ndow of a notor car, although it is to be
understood that the invention can be appl igd to any suitable w ndow of any
suitabl e vehicle. The w ndow 12 conpri ses gl ass pane 13 which is 30
general ly rectangul ar 0 depe"ldl ng_ URoIL I t ). The
pane 13 has top and bo? om %l é%QJCt(lﬁ Clcmpwﬁ‘g’e % OM %ﬁtrwg ILJtn él%l
approxi mately hor |%ﬁ§8‘|’l‘3ﬂt°aﬁ etﬁ/%@s§hmfte dari Bmr 19?31'6—:11 é’égé%e FAnggis The
pane 13 may be fl| aquakatetitved and tiyed ktBei wavk1ehdfie dfOEhé Ssighaugdto

be received when propagating in the glass of the window

5 pane 13.

A signal from a first of the modes:is fed into the
ring through a first feéd conductor 132, while a signal
from a second of the modes is fed into the ring through

.10 a second feed conductor 134. The first and second feed
conductors 132,134 connect to the ring 130 spaced apart
by a distance equal to one half of the wavelength of the
signals. First and second output conductors 136,138
connect to the ring 130 at, respectively, a point half-

15 way between the first and the second feed conductors
132,134 and a point opposite the first feed conductor
132.

If it is assumed that mode A is fed through the

20 first feed conductor 132 and that orthogonal mode B is
fed through the second feed conductor 134, then it can be
shown that (a) the first feed 132 conductor is not
affected by signals injected b?'the second feed conductor

134; (b) the first output 136 carries a signal egquivalent

25 to A+B; and (c¢) the second output 138 carries a signal
equivalent to A-B. This, it will Dbe seen, 1is

functionaily equivalent to the circuit of Figure 2.

It is of course to be understood that the invention
30 is not intended to be restricted to the details of the
above embodiments which are described by way of example

only.



relattve to a plane) which is substantially vertical or is inclined to the
vertical, as is conventional. The pane 13 f its within an opening in a

netal body of the vehicle and is seal ed agai nst water -and—ai+—penetration 5
relative to the periphery or the opening with a seali ng’@ﬂi&m&f ornmed from

rubber or similar material, or a suitable gdhesive. The mﬂ[mt&m,y
S

I ncorporates a heater, the 10 prime purpdse of which

defrost it, but m@%g&ugay al so be used as an antenna for receiving radio
si gnal s. The heater conprises a series of parallel, horizontal conductors
19, running between upright bus bars 21,22. The conductors and bars are
formed on the 15 1.inneh @&itehasecadpribend)lr@ssiphie eldmémts axadnpl isgsebei ng

applied thereto a EOWhd hate P{duLgd qm;l Gt LVESidd RSandNgy s bars
21,22 are connect gégﬁ% ?#e d.co: oiEnE actH{E s S Plan .
5 a counterpoise resonant- element, the antenna being
operable in orthogonél modes when placed on a window of

a vehicle.

2. An antenna according to claim 1 have two elements

10 angled to one another and to the ground plane.

3. An antenna according to claim 2 in which the two
elements are syﬁmetrically inclined about a median plane,
the median plane intersecting normal to the ground plane
15 or resonant element, as the case may be, at its mid-

point.

4. An antenna according to claim 1 or claim 2 in which

each element comprises a loop of conductive material.

20
5. An antenna according to claim 2 in which a first end
of each loop is connected to the base element, and second
ends of each loop are intercoﬁiectedﬂgt a common point.
25 6. An antenna according to claim 4 in which signals are

fed to and/or from the antenna at the common point.

7. An antenna according to any preceding claim in which
the two modes are operable separately or in combination
30 through a hybrid element, signals being connected with
the antenna through a circuit operative to combine the
two modes in appropriate phase and amplitude to produce

a virtual single antenna of an optimised performance.
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power*supply of the vehicle via an operating switch. As is comon in
vehicle electrical practice, one bus bar is 20 connected to the vehicle
earth (i.e. the car body which is directly connected to nﬂlumjl MI[I"!I
term nal of the vehicle's battery) and the other bus bar

| ead to a positive supply via an operatings switch which may ‘be "I oCat &d
exanpl e on the vehicle dashboard. 25 The heater conductors 19 extend across
a major part of téhe sinf ancemieacobrding wb ndgwopansf kilhitmber eco $ anregi on

between the 10D a4 alerldie;dh NAOIDARe ol v itk Ll %%%g@%rhgat er

conductor 19 in which no such onductors 1 rovi

this region ther CHRG FF982LatyHRe FRkERANEr b idRgcmere v Rrﬁgé‘cFFg | a)
whi ch are incli nethe edtabngertoigadh ot her havi ng an angl e of substantiall y
90[err] theregetween. The antenna conductors

9. An antenna according to any preceding claim in which
the two modes are each resonant at, two or more

substantially different frequencies.

10 10. An antenna according to any preceding claim in
combination with a combining circuit whereby the antenna
is operable as an adaptive antenna system having
directional and/or polarisation characteristics variable
in real time underxr automatic control.

15
11. An antenna according substantially as herein
described with reference to Figures 1 to 3 or to Figures

la, 1b and 4 of the accompanying drawings.

20 12. An antenna according to any preceding claim being
formed as a pattern of conductors printed onto a glass
pane.

13. An antenna according to claim 11 in which a portion
25 of the pattern constitutes a hybrid element.

14. An antenna according to claim 11 or claim 12 in
which a portion of the pattern constitutes an impedance
matching element.

30
15. An antenna system comprising an antenna according to

any preceding claim in combination with another antenna.

16. A transmission antenna comprising an antenna

his Sheet Has Been Replaced
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23,24>are alsoinctined refative to the upper edge 14 of 7 the w ndow 13
-at an angle of enna'conductors 23,24 are incorporated in or
are appl | ed tc““mﬂ m'“l"-mﬂ e of the pane 13, npbst advantageously being
f*o Sang manner as the heater. The antenna conductors 5 23, 24
may conprlse a 0.4dmMmwire fixed by adhesive to the surface of the pane, or
the conductors may conprise a narrow flat printed conductive strip, say 1

to 1[err] mm wi de. adédmxdimgdtot amy p2ecedinmy eladhat andklay tandng bitawgtl0
si gnificantly shogy gpidpapnt fﬁmqq%e%u%&g@%agmﬂw EBAR kBt U of

enbodi nent, each of the antenna_c 24 resonates 1n_wth respect
to a ground plane the antenna to the vehicle with which it is intended for

use.
5
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rgonstihput-ed by the conductive vehicle body adjacent the 15  w ndow
‘aperture.  The nodes of resonance ‘of t'he two: antenna conductors 23,24 are
substantially orthogonal. In Figure. Ib, an alternative formof antenna
arrangenent is shown in which ends of the antenna 20- conductors 23,.24 .
renote fromthe edge 14 of the window are |linked by a third conductor 25

forming a loop. |t has been found that the provision of such a | oop.car :
advant ageously nodify the inpedance and Iﬁ[rectional characteristics of
t he antenna which can otherw se not be 25 timal. As shown ?ﬁLFigure 2,

if the antenna is to be used for reception, iAs ant eha conducyors 23,24
can conveniently be connected via a hybrid ansfornﬁ£-30 rangenent 50
to radi o recepti on apparatus—to—aet—as—aR—ahtenna—tleref or The

operation of the fybrid ’U:>/’\\<T1:

“1a’

lio.

22
. ~
7 =
Y1a”/ -
i - l
) g 1o, "
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transforner 50 is such that it conbines the output fromthe tw antenna _
conductors 23,24 to provide two outputs at 52 and 54 respectively which are

orthogonal to one 8 another or have a substantial orthogonal conponent.
Additionally, it is a property of the hybrid arrangenent that neither node
interacts with the other. 5 The outputs from each of the antenna

conductors 23,24 are added in phase by the transfornmer arrangenent 50 to
produce r.f. current vector in the.antenna at right angles to the.edge. 14~
of the wi ndow or are subtracted out of phagg- o,a net r.f. current vector -
essentially 10 par al | el tcé.he eddg | As these two
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phases of polarisation produce an orthogonal r.f. field, they are totally
|ndependent and thus cannot interfere with one another. 15 I n use,

t he: Stronger one of the two outputs 52,54 can be selected (for exanple, by
& hi gh-speed automatic charge swtch controlled by a signal strength
detector) to give, effectively, a diversity reception. This can reduce the
effect of fast fading due to nultipath 20 propagati on of the received
signals. Figure 3 shows one circuit arrangenent 60 suitable for use when
the antenna is being, used to transmt signals to a renote site. 1In this
case, the inputs to 25 _one of the orthogonal nodes of the antenna
conductors 23, 24 are fed through a quarter-wavel ength delay (in this case,
a length of feeder 61 as shown in the figure) with respect to the other
node. Thi s arrangenment gives a

Y.
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signal which is circularly or elliptically polarised and 30 this is
corrpatlble with a wide range of polarisations of the renote site. As wll
be.r€adity appreciated, the relative phases and anplitudes of the signals
fed to the two nodes could be varied in other ways to effect a wide variety
of directional and polarisation properties of the 9 antenna. In applying
to a vehicle an antenna as described in the | ast-precedi ng paragraph, the
circuit arrangenent 61 5 nay be designed to account for the effect of the
conductive parts of the vehicle. In thigf manner, the performance of the
antenna as a transm tting antenna can l.’)i
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be adjusted to offer an optimsed performance characteristic. 10 An
. algser nat.i ve enbodi nent of the invention is illustrated in Figure 4. This
embodi ment may provide a nore appropriate inpedance over a w der bandw dth
ds conpared with the above described enbodinent. 15 It will be appreciated
that the vehicle body is only an approxi matsi on to a ground plane. In sone
cases, the deviation froma truly aperiodic ground state is sufficient to
cause mal operation of the antenna due txBSA®RACTresonances inherent in the
body adj acent the antenna. As this may- be di sadvant ageous to the

performance of the antenna, _an aimof this enbodinent is to aneliorate this

ef fect . ANTENNA ARRANGEMENT FOR A VEHICLE WINDOW

5 There is disclosed an antenna arrangement for a
vehicle window, parﬁicularly suitable for reception of
signals in the UHF band while minimising the effect of
fast fading. The antenna'bomprises antenna elements which
generate at least two orthogonal or largely orthogonal

10 modes. 1In reception, one or other mode may be selected
such that the antenna effectively operated as a diversity
_antenna. Alternatively, the two modes may be combined to
tailor the polarisation and directional properties of the
antenna. For transmission, the properties of the antenna

15 can be tailored to interact favourably with a particular
vehicle to which it is applied. These properties may be

controlled by a suitable combining circuit.
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25 - The antenna conprises a base el enent 10
conductive strip, intended to be disposed substan
hypot heti cal medi an pl ane ‘A can be defined to int
100 at its md-point, and to extend normal to the
First and second antenna conductors 110, 112 exten
100 each at an angle of 45[err] to it. The antenn
di verge from approxi mately the intersectiion of th
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| eop “of conductive material. A first part 116 of the 5 1QQp |s

el ecteically connected to the base el enment 100, as at 114, SHEET
45[err] fromit. A second part 118 of the |oop extends par

spaced fromthe first ‘part 116 to interconnect with the sefond %f E 1@8
the | oop of the other of the antenna conductors at a commp E Br#94 20
A short bridging elenment 122 interconnects the first and s cfnd parts
116, 118 to conplete the | oop. The common point 120 constitutes a feed point
at which signals may be fed to and fromthe ant ol

n
feeder (not shown) nmay be used, ig ’iﬂﬁéf:ﬁFéginnected to the m d-point
of the base el enent 100. The bas & AR 0 A c S as a counter poi se
resonant elenment to the anteg ' 20 effectively

i sol ates the antenna conducis { the vehicle

body.
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F [ g 3 feeder to transceiver




The fol 1 ow ng di mensi ons have been used in one enbodi nent.

118mm x 5mm and ant enna 25 conductors each 51mm |l ong, 1
separated by 1nm These.hdve been found to be applicable f¢
signals in the range 870 to 960 MHZ. Wth reference to Fig
alternative hybrid 30 structure is showmn which can be co
as a conductive elenent printed on the glass in the sane p
t.he heater and the antenna conductors are forned. The h
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conprises a conductive ring 130 printed onto the glass pane 13. The length
of: the ring is equivalent to 1.5 tines thg wavel ength of the signals to
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be ‘recei ved when propagating in the gléss of the wi ndow 5. _pane 13 A

signal- froma first of the nodes is fed into the ring tthQﬁﬁA@}%ﬂﬂ?[SHEgr-

conductor 132, while a signal froma second of the nodes | srFet—t+Hrte—thre
ring through 10 a second feed conductor 134. The first Jand gﬂ é&fd
conductors 132,134 connect to the ring 130 spaced apart hy |a é eqyal
to one half of the wavel ength of the signals. First and

conductors 136, 138 connect to the ring 130 at, respectivgy, a point half-
15 way between the first and the second feed conduct or S—=+32334—ane—a
poi nt opposite the first feed conductor 132. If it is assuned that node A
is fed through the 20 first feed condugtor 132 and that orthogonal node B
is fed through the second feed conductor 134, then it can be

5




— - _ |  GpIr bl “ .
shown ‘that (a) the first feed 132 conductor is not affected by signals

i njected by the second feed conductor |Iffg SHEETtIJﬂﬁS BEE i out put 136 car {13 /72.

a sighal equivalent 25 _‘'to A+B; and (c) th d ou 3 .
signal equivalent to "A-B. Thi s, ﬁpfﬂﬁ%ﬁ seelh, -fm’IEﬁias{{EET
equivalent to the circuit of Figure 2. It ks of course to pef understood )
that the invention 30 is not intended to be restricted tp f he ZIEEBi 1997 of
t he above enbodi nents which are describggsgé%égy of exanplle pnly. 12}
CLAIMS: 1. - An ant enna conpri sing Vi ng el enenTs '
AR EME R _A VEHICL
5 There is disclosed an antenna arrangement for a

vehicle window, particularly suitable for reception-of
‘signals in the UHF band while minimising the effect of
fast fading. The antenna comprises antenna elements which
generate at least two orthogonal or largely orthogonal

10 modes. In reception, one or other mode may be selected
~such that the antenna effectively operated as a diversity
antenna. Alternatively, the two modes'may be combined to
tailor the polarisation and directional properties of the
antenna. For transmission, the properties of the antenna

15 can be tailored to interact favourably with a particular
vehicle to which it is applied. These properties may be
controlled by a suitable combining circuit.
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o %wlw 3
(28, 24 110, 112) and a base elenent (11;100) the base 5 elenent (%

100) actlng as a ground plane or as a counterp0|se1 %Q ﬁﬁa}'
of which el enents (23, 24; 110,112, 11;100) are f or med K , AEEL

conductive materi al, characterised in that the rece|V|ng e1enents 33,24,
110, 112) are formed as conductive strips, 18 angl gd |t o2ongPRM99ert 4dnd to
the ground plane, and in that signals fromthe antering nmay be derlved from

two outputs (52,54) corresponding respeéégékh to tHe ‘strmeamd—tire
di fference of outputs of the receiving S (23,]24; 110, 112), wher 4by

the antenna is operable in 15 orthogonal nodes when praced on a w ndow

pane. 2. An ant enna agg g | 8 | Igggﬁﬁiﬁggkgrent S
constituted by conductiVe ' j i ndow pane.
20

5 There is disclosed an antenna arrangement for a
vehicle window, parﬁidﬁlarly suitable for reception.of
signals in the UHF band while minimising the effect of
fast fading. The antenna comprises antenna elements which
generate at least two orthogonal or largely orthogonal

10 modes. In reception, one or other mode may be selected
such that the antenna effectively operated as a diversity
antenna. Alternatively, the two modes may be combined to
tailor the polarisation and directional properties of the
antenna. For transmission, the properties of the antenna

15 can be tailored to interact favourably with a particular
vehicle to which it is applied. These properties may be

controlled by a suitable combining circuit.

(Figure laj
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3.. An-ant enna according to claim1 in which the base el enent _

constituted by a conductive elenent (100) on the w ndow pane,_25 tﬁf/ﬁﬁAn
antenna according to any preceding claimin which the . two. a0 :
el enment s (23, 24; 110, 112) are symmetrically inclined abou
pl ane, the medi an plane intersecting Qornal to the ground pljane ﬁr r esonant
el enent (11;100), as the case may.be, "at its md-point. 30 §. n ARRe1982
according to any gne of _clai g 0.3 4.0 whi ) cei virg lel_enent

This invention relates to an antenna arrangement for

a vehicle window. '

> 5 It has increasingly become a requirement fof
equipment within vehicles to be able to transmit and
receive in the UHF band, for example, for .use in
connection with cellular telephone, satellite navigation
systems or for other uses.

10 Commonly, to provide for UHF reception, a vehicle is
provided with a whip antenna which is in 1length a
multiple of one quarter of the wavelength of the signal
to be received. Alternatively, a single vertical stub
antenna may be mounted on a window, usually the rear

15 window of the vehicle.

A problem with the arrangements described above is
that antennas are subject to multipath reception which
leads to fast fading of the signal received, which, in
the case of an audio signal, causes a general “break-up”

20 in reception. Multipath reception is a consequence of
signals being received by the antenna both directly from
a transmission source and after reflection from different
surfaces. Commonly, such surfaces include walls of
building in a built-up urban environment.

25 It is an aim of the present invention to provide an -
antenna arrangement in which the effect of fast fading
upon the quality of the received signal éan be reduced.

According to a first aspect of the present invention
therefore there is provided An antenna comprising

30 receiving elements and a base element the base element
acting as a ground plane or as a counterpoise resonant
element, each of which elements are formed of
electrically-conductive material, characterised in that
-the receiving elements are formed as conductive strips,



6. An antenna according to claim5 in which a first end of
connected to the base el enent (100), and second ends of each]|l qo
i nterconnected at a common point (120). 5.7. An antenna acdqordi®d ARR 1999
claim6 in which signals are fed to and/or fromthe antenna gt |t he conmon

poi nt (120). 8. An antenna according to any preceding claimi
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the two nodes are operable separately or in conbination throygh _a hybrid

el ement (30gidQ) to5i sl §n8€h89 eREN&d %é’\ﬂ Polbhg pnhasna &nd ough a

circuit o eratlve to conmbine the two nodes in appropriate phase and
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o _arrange f
difference of outputs of the rece1v1ng elements, whereby

the antenna is operable in orthogonal modes when placed
on a window pane.

The modes being suitable for providing diversity
reception at high frequencies, output signals being

sourced selectively from whichever mode provides the

stronger output signal. This arrangement at least-

mitigates, the abovementioned fast fading problems
associated with previously used arrangements. .
Signals may be fed to and from the modes by means of
a hybrid element, which, in operation, permits the modes
to be combined without affecting the operation of the
antenna itself. The hybrid element may comprise a wound

transformer or a conductive ring structure.

The ground plane may be constituted by an edge of
the window or alternatively may comprise a conductive
ground strip printed on the window. More preferably, a
tuned conductive element is provided (to constitute a
counterpoise resonant element) instead of the ground
plane.

The antenna may have two elements sy_mmetrically
inclined about a median plane which extend? normal to an
centrally of the ground plane or the resonant element, as
the case may be.

In a preferred form, each element comprises a loop
of conductive material. A first end of each loop may be
connected to the base element, second ends of the loops

being interconnected at a common point. In such



Annput signal to be taken fromthe node which produces 20 iﬁﬁ?&-&%ﬁ@ﬁg@p—__ﬁ'
signal. 10. An antenna according to any preceding claimin IdeHﬂE' Wﬁﬂﬁﬂf
nodes are each resonant at two or nore substantially diffef . Tes.
25 11. An antenna according to any preceding claimin conb i@
conbining circuit (50,130) whereby tB? antenna i s operable an adap
ant enna system havi ng directional or pol ari sati on charjack-e+sti-cs-
vari abl e é8aTMgn real tinme under automatic control. 12. n antenna
according to any preceding claimbeing formed as a pattern of-comductors
printed onto a glass pane formng a wi ndow (12) of a notor vehicle.

1. An antenna comprising receiving elements
(23,24;110,112) and a base element (11;100) the base

S element (11;100) acting as a ground plane or as a
counterpoise resonant element, each of which elements
(23,24;110,112, 11;100) are formed of electrically-
conductive material, characterised in that the receiving
elements (23,24;110,112) are formed as conductive strips,

10 angled to one another and to the ground plane, and in
that signals from the antenna may be derived from two
outputs (52,54) corresponding respectively to the sum and
the difference of outputs of the receiving elements
(23,24;110,112), whereby the antenna is operable in

15 orthogonal modes when placed on a window pane.

2. An antenna according to claim 1 in which the base
element is constituted by conductive region of material
(11) adjacent the window pane. '

20
3. An antenna according to claim 1 in which the base
element is constituted by a conductive element (100) on
the window pane.

25 4. An antenna according to any preceding claim in which
the two receiving elements (23,24;110,112) are
symmetrically inclined about a median plane, the median
plane intersecting normal to the ground plane or resonant
element (11;100), as the case may be, at its mid-point.

30 '
5. An antenna according to any one of claims 1 to 3 in
which each receiving element (110,112) comprises a loop

of conductive material.

AT
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"13.  An antenna according to claim 12 in which a portion of patter
constitutes a hybrid elenent (130). 14. An antenna accordi ‘tﬁbg1ﬁéqor
claim1l2 in 5 which a.portion (25) of the pattern cons |tupe

i npedance mat ching el enment. 15. An antenna system conprising gn_antenna._J
according to any preceding claimin gnbination wi th anot hef antenna. 10
16. A transnission ant enna conprising an antenna accordi ng te—aRy—ptecedTyg
claim an circuit whi ch the tunlng i,rcuit tunes t
character?stlc ﬁﬁnﬁn?%ﬂﬂﬁg RI (5 ST T FﬁlﬁﬁléhfFFSFseP t ended for

15 use. of each loop is connected to the base element (100), and

second ends of each loop are interconnected at a common
point (120).

7. An antenna according to claim 6 in which signals are

fed to and/or from the antenna at the common point (120).

8. An antenna according to any preceding claim in which
10 the two modes are operable separately or in combination
through a hybrid element (50,130), signals being
connected with the antenna through a circuit operative to
combine the two modes in appropriate phase and amplitude
to produce a virtual single antenna of an optimised

15 performance.

9. An antenna according to any one of claims 1 to 6 in
which a selection means is provided to arrange for an
output signal to be taken from the mode which produces

20 the stronger signal.

10. An antenna according to any préceding claim in which
the two modes are each resonant at two or more
substantially different frequencies.
25

11. An antenna according to any preceding claim in
combination with a combining circuit (50,130) whereby the
antenna is operable as an adaptive antenna system having
directional and/or pdlarisation characteristics variable

30 ' in real time under automatic control.

12.. An antenna according to any preceding claim being
formed as a pattern of conductors printed onto a glass

pane forming a window (12) of a motor vehicle.

* C L Ll S *



10

15

REPLACEMENT SHEET
: | 014PR 1999

14

N

13. An antenna according to claim 12 in which a portion

of the pattern constitutes a hybrid element (130).

l4. An antenna according to claim 11 or claim 12 in
which a portion (25) of the pattern constitutes an

impedance matching element.

15. An antenna system comprising an antenna according to

any preceding claim in combination with another antenna.

16. A transmission antenna comprising an antenna
according to any preceding claim, and a tuning circuit,
in which the tuning circuit tunes the characteristics of
the antenna to the vehicle with which it is intended for

use.
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