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51. Field of the Invention The present invention relates
generally to a multi-frequency antenna, and is suitable for use with
mul ti-band wireless tele [ ' f,0 nple. 10 |I1I.
Description of the Rel é%@atgﬁ I’&%ﬁmréwggNgéphones are in

wi despread use because of the conveni ence they afford in personal
comuni cations. Wr el BAsCGROUND OFTPPE’INVEN‘I‘IGN“UGS to advance,
produci ng better w reless comunication systens while ol der systens
neverthel ess remain i.n use. 15 For exanple, earlier, wreless

t el eponel. Eipld ofthedavantiong communi cation principles and a

Systems have boch it Fdee e L el p es
in a freqRMdy sa&aﬁpeaf% émmil-bmd wire egwgieg%@g@apm 891’15&505%1’ bot h
of these gyfhel® are in use, and in some 20 circunstances the ol der

systens that Operate around 800 MHz have been or will be converted to

use di(?l tal .conmmuni cati gn §§I nci pl es. In any event, because of

the d} feHerPﬁ‘P%@hef&e tated A fferent wirel ess tel ephone
systenms, the figHERRSY wRlepMrd aattsein S wideSp ﬁ&a use beEARRONS Nilpd
R e kot oo e ot enl
frequency tadhﬂoéoyy Icen’rnaes $0 iauivialmee sproducing detten Mruelessmonunumwnmg a
second fr }Jl{ée&(aa@ s’y%@ﬁ@éeﬁﬂgegs E-&ﬁgn{‘ﬁ‘? f{aequenci es mght be in

operation n a sing ni"zi'ng the above-nenti oned
probl &n an objHsst example, preazier. vacelesmvteiepbnmS systemovivge anadogss

t el ephone c?% @,&qd
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conj unct i &0 2 regte fYStEmSo §Qe§5%§nqq;&rée that th&8ent
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model be useful | e Lommuni cat | QO Syste | gase the 35
operati onaPR§ S&° Sﬁmlw rggxqrﬁerho % S PSP RE s'ﬁeatﬁ“g A ¥Rt ve,
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conduct si gnal siY ANERMENGf begguse of yirgawencies used by different
wireless telephone systems, the ftequency at which a user's wireless
telephone must operate might change from region to region. Indeed, some
25  users in a given region might require telephones that operate at a first
frequency while other users in the same region must cemmunicate using a
second frequency. In some instances, more than two frequencies might be in
operation in a single area.
Recognizing the above-mentioned problem, an object of the present
30 invention is to provide wireless telephones that can communicate using
one of at least two (and perhaps more) frequencies, so that the telephones
can be used in conjunction with more than one system. In other words, the
present invention recognizes that it is desirable that one wireless telephone
model be useful in more than one communication system, to increase the
35 operational flexibility of the telephone. As a less desirable alternative, two
telephones, each operating at a single respective frequency, can be provided.
An object of the present invention is to provide a multiple (dual)
band radiator in a vehicle that can effectively conduct signals in each of two
frequency bands.




2 It happens that to |nprove conmuni cati on when a wreless

tel ephone is used inside the passenger conpartnent of a vehj | temlS .
advant ageo® ¥#84ovi de a coupling device on the vehicle thgalﬁ’g?dé#&s‘\/vi th

an associ ated antenna referred to as a gadiator, in essence establishes a
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Accordi ng ?%t%g%(géa@sz pae. tpéc}??st }%egl}]ov fan?oltgﬁ‘%lg?téoﬁl §Y6tr%§\l§//':\/§ed a radiator 35
for radPating atAdceedingly,r¥tisanal chjednaf sherptesemtainvientienpéetproyide rat and
second 1 egyapRhEdeitlRhatei0be AlsqiAel Wi d i@BMI (dddh) BARE radlarbPast 2
first . radi tlngf el em%r}t attached to the base.and extendi ng away
t her ef rom RHe Ve icle for establishing a low-noise communication pathway to and

from a wireless telephone inside the vehicle. Another object of the present

invention is to provide a coupler that can be associated with a multiple

25 (dual) band radiator in a vehicle and that can effectively couple signals in at

least two frequency bands across a window of the vehicle to the radijator. Still

another object of the present invention is to provide a coupling device for

use with a multiple (dual) band radiator in coupling multiple band signals

to and from a wireless telephone in a vehicle, such that the coupling device

30 is easy to use and cost-effective to manufacture and implement.

SUMMARY OF THE INVENTION

According to one aspect of the invention there is provided a radiator

35 for radiating at least first and second signals having respective first and
second frequencies, comprising: an electrically conductive base; at least a first
radiating element attached to the base and extending away therefrom, the

first radiating element being configured for conducting the first signals
thereon; and at least a second radijating element attached to the base



first radiating el enent being configured for conducting the first signals
t her eon; wwiyosafs4toeast a second radi ati ng el enent attached RGI/USES/0SZGe

3 ~alongside the first radiating elenent, the second radi ating el enent
bei ng configured for conducting tie second signals thereon.

Accordi ng to anot her aspect of the invention there is provided a dual

f r equencal ﬁdé&ﬁeoﬁrﬁsmdﬁﬂ@lemawoﬂ‘{@@eaﬁ{d eadpging blewie® Welirgd ess 5
A

t el eph higle.t h t th hi cl th t

pei ng  eoRRER To¥ FOnAE Fie oSSR rls el phone. compri si ng. an
ant enna baAecoralmpmmnathez ctt of tHeeinvestionfthehe inprevided 4 deatount

bei t d
cecond  TENAEITEE (ol REIIBAL R cobialERiEnTpaBl il ¢ FRRIcRR 00
el ect 5i cédelephume mﬂuacﬂ Edhmleetcethue extegicri cp%itheevgne}et. thelargemfbegmlg ed for
o oma o inHRdEly Couplable fooine veiRaleds tBleBhbhE S cohiBRIARS ard Aifen

second el enent b I Nng secon S|gnals
in a secdmses raea%@h%& m d to the base Aéc aﬂi@eltﬂbara ther maumtadping of the

i nvent i omtk{191aBld SoPHAY I@ict of theMehfdef the§¥ Aahdts Birbi9 andC QRBHRA Cat i on
path from.a cou el ement of 15 V\nreles one s H cl udi ng
a mul tipl @wgetfg'lem@awzg@g@ts extea@naa AR IF ﬂﬁﬁ%ﬁ and Plegirigally
:c nt erifgac ec&&?(éttéthkhéx@td ,[the firhi lethert Qjmligd &bitiﬁgured forp@;]@unﬂnlltygrﬁltﬂﬁh iple
regquency,ant enn i ati enents _extendin
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havi ngs reg p?ﬁi:él&&% ft*el hoHed s?@f@ﬁdmcludufg esl Uﬁﬁﬂh ﬁué R} djvireldgdCl udes
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radi at i ngCeRPHBAt &lemente| ongat ed, and are wel ded or brazed to the
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frequencies. The radiator includes an electrically conductive base and a first
25 radiating element attached to the base and extending away therefrom. As
disclosed in detail below, the first radiating element is configured for
conducting the first signals thereon. Also, a second radiating element is
attached to the base alongside the first radiating element, with the second
radiating element being configured for conducting the second signals
30 thereon. Additional radiator elements are employed in some configurations
to accommodate additional frequencies.

Preferably, the radiating elements are elongated, and are welded or
brazed to the base. Alternatively, the radiating elements can be held against
the base by a fastener, such as a set screw, rivet, pin, or bolt. In one

35 embodiment, the radiating elements are electrically conductive wires
embedded in the base. The radiators and base can also be integrally formed
as a single unit from materials that are folded to form an antenna, or by
casting, molding or extrusion. In some embodiments, each radiating




35 enbodi nent, the radi ati ng el.enents are electrically conductive wres
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radiator is attached to the base end of the external couphng element. An
internal coupling element is affixed to an inner surface of the window or

25 other component surface as desired and is electrically connectable to a.
wireless telephone.  The internal coupling element is configured

_substantially identically to the external coupling element and is oriented
relative to the external coupling element with the base end of the internal
element juxtaposed with the tapered end of the external element.

30 In other embodiments, an electrically conductive feed element is
electrically connected to the base, and a dielectric layer at least partially
surrounds the feed element. Moreover, a ground plate is juxtaposed with
the dielectric layer opposite the feed element. The feed element can be a
plate or a wire. For other embodiments of the present multi-frequency

35 radiator, signal feeding mechanisms may include for example coplanar
waveguides and microstrip feed lines.

A dual frequency antenna for establishing a communication path
from a wireless telephone within a vehicle to the exterior of the vehicle




the dielectric |ayer opposite the feed elenent. The feed el enent can be a
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t hroughout and wherein G 1l illustrates a perspective view of

a vehicle incorpor oupl.i r adi.at enbodyi ng the
principles of the %ﬁ%ﬁnﬁsc‘ v ﬁ%&?ﬁﬂiﬁﬂﬂWM% t el ephone
cradle and tel eghone FIG 2Aillustrates a perspective view of
the coupling déhecieabires) gbjects, and advantages @f the present rinventiorpevdpect i ve

view gf t BgcdiRé I%bﬂg aggut@r& Rbnt the detaﬂed d@s&ﬁpﬁoﬁ“&ét'f@hﬁ bERAK &I

ant enna connect, .atop.view of one of the
coupl i ng éﬂ&ﬁgﬁ?@rﬁ tl Pﬁsfh"at ’éH’E?fH-mn when taken” fn co%;unct%n with the

drawings in which like reference characters identify like elements
throughout and wherein:

FIG.1 illustrates a perspective view of a vehicle incorporating a
25 coupling device and radiator embodying the principles of the present
invention, showing a wireless telephone cradle and telephone;

FIG. 2A illustrates a perspective view of the coupling device of FIG. 1;

FIG. 2B illustrates a perspective view of the coupling device of FIG. 1
with a multiple frequency antenna connected thereto;

30 FIG. 3 is a top view of one of the coupling elements illustrated in
FIG. 2 with a single arm;

FIG.4A is a top view of an alternate embodiment of one of the
coupling elements shown in FIG.2 with two arms having two straight
center edges and two tapering outer edges;

35 FIG. 4B is a top view of another alternate embodiment of one of the
coupling elements shown in FIG. 2 with two arms having two straight outer
edges and two tapering center edges;



FIG 2 with asingle arm . FIG 4Ais a top view of an alternate

enbodi nent e of the coupling elenents shown in FlG 2 wth two
arns havi nﬁ’%t%?@ Y1 ai ght center edges and two taperi nBC'HH?eWS ges;

35 FIG 4B is a top view of another alternate enbodi mrent of one of

t he coupling elenents shown in FI 2 wth two arnms having two

stral ht outer ed s and t eri cent er, eqges:;
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tapering ¢ g/ edges; FIG 4D is a top view of an alternate
enbodi nent the coupling 5 element of FIG 4A with arns of differing
| engt hs; FIG. 4Drisca top viewa ofopnvalternate @mbodinenit efetheodbuplingof t he

coupl i ffering | engths;
Fl GS. g%\ eSIeBmegth mgca?% ﬁf? ?/#gsmrs%g?ﬁgé\%grl\ée}flgtﬂ%‘t er nat e enbodi nment of

one of the cou efefPs View i ofg anhaléernatey embodimentfoft the dofiplingnt 10
| engt hs, tdiegentiof RGeAC Wﬁﬁgﬁﬁs o?ﬂﬁférﬂf‘%?éﬂr%h $ength, respectively;
a 0

FIG SDis at no r altern di ment of one of the
coupling el erreﬁ@g%?\%n# W‘Lé&ﬁﬁéﬁ’ﬁd"lﬁ?“’ﬁs"ft aathgr altarpate, pmhwdimentsi x;
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0 co vi ng f our ered arns, Wi ame and Wi

di ffe?leont %Eggg%h?‘%? @igfzeé?ﬁ‘ab $'and ffe samgﬁleggth7§\esae&t}y Yare top views
of preferred coltké.iShyised eaprvuewvmf imother dterghte ambodinient off dive of the

respectivel Qgéﬂ ed the curvature
of whi ch |sdﬁ&)1??$glg tggla&l(ﬁp% en |a unc]{}qs(ﬁl‘lzE tre subdiVs s a top

vi ew of a pref eﬂcé% @pd AB arectopnviews bf anotherdltepmtet elpbndm@\enmdr
edge, the gne \GalHE Q:oﬁi)liwg' Elements Wlﬂ% four tapered aﬁﬁgwxzﬂ) the Gk %n\ﬁ'_ ew of
a pre red in nt. wth ppe tapering outer edge;
FI G %‘eag?éﬁﬁlf &é‘g&rﬁ%ﬁeﬁl’eﬁl‘fﬁ;ﬁpl i ng el enent. the maj or surface
of vvh| ch I S curFHSB.iTA tavd ﬂBrmB nﬁ1eW25 eﬁlﬁr@femédocéﬁplﬁgaﬂén%@ withved 25
v € ey, e s iR T LRy e
taperi ng a®dgs, tba@nrvwmmeaf whightis defmedvby angn:pnhenpa)sﬁincmmcl at angles to
gﬁglhogt hg'r to TRRIIAC & & tOPWAWNEE a prefeltdd eouptint Withaht WWlth §Wrbed,
3 & tapering outer edge, the curvature of which is inward;
FIG. 7D is a top view of a preferred coupling element with a stepped,
tapering outer edge;
FIG. 8 is a perspective view of a coupling element, the major surface
of which is curved in two dimensions to conform to the shape of a curved
25 vehicle window;
FIGS. 9A and 9B are top views of another alternate embodiment of
one of the coupling elements having two tapering arms, each with at least
two segments positioned at angles to each other to facilitate mounting
within a comparatively small enclosure;
30 FIG. 10 is a top view of another alternate embodiment of one of the
coupling elements, having a sickle shape;
FIGS. 11A-11C are perspective views of alternative embodiments of
the present radiator;
FIG. 12 is a cross-sectional view of another alternative embodiment of
35 the present radiator, as would be seen along the line 12-12 in FIG. 24A;
FIG. 13 is a cross-sectional view of another alternative embodiment of
the present radiator, as would be seen along the line 12-12 in FIG. 2A;
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t he wWouphtaryg el ements, having a sickle shape; PCT/USP#/63364 11A-1 1C
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20 EMBODIMENTS

Referring initially to FIGS. 1 and 2 (2A and 2B), a coupler is shown,
generally designated 10, for establishing a low noise communication path
between the exterior of a vehicle 12 and a wireless device, such as a wireless

25 telephone 14. Other wireless devices are also contemplated for use, such as
message receivers and data transfer devices (e.g., pbrtable computers,
personal data assistants, modems, fax machines), which may use other types
of known mechanisms to connect to the antenna coupler discussed below.
In the embodiment shown in FIG.1, telephone 14 is disposed within a

30 passenger compartment 16 of vehicle 12. In the preferred embodiment
shown, wireless telephone 14 is a dual-frequency telephone, although it can
be a single frequency telephone or it can use more than two frequencies, or it
can be multiple single frequency telephones, each operating at a different
frequency. More specifically, preferably wireless telephone 14 can transmit

35 and receive signals in one of at least two frequency bands. Exemplary
frequency bands define respective center frequencies of about eight hundred
fifty nine million cycles per second and nineteen hundred twenty million
cycles per second (859 MHz and 1920 MHz), which are commonly referred to
as “cellular” and “personal communication services” (PCS) frequencies.
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mind, the structure described below is prov1ded to establish a low-noxse
communication path between telephone 14 and air interface 20, and,

25 subsequently, one or more communication systems, that is effective
regardless of which frequency is used by telephone 14.

In particular reference to FIGS. 2A and 2B, coupler 10 includes an

external coupling element 22 that is affixed to an external surface 24 of a

dielectric vehicle component, such as a window or front or rear transparent

30 windshield 26, of vehicle 12. In some applications, other known vehicle

components such as plastic or fiberglass type panels could serve as a

mounting surface. For purposes of disclosure, external coupling element 22

is shown as a flat, plate of electrically conductive (e.g., copper, brass, steel, or

aluminum) material that is etched or deposited onto a dielectric substrate 28,

35 substrate 28 being rendered in FIG. 2 (2A and 2B) as being transparent. As

disclosed further below in reference to FIG.8, however, the coupling

elements need not be flat, but can be curved on one or two dimensions as

appropriate to conform to, e.g., a curved vehicle windshield against which

o
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coupl ers betwesn &g fY"IOOV\ﬁ"#@leF?nblaﬁeﬂ @@upll@ﬁnf flowing in the coupler
element. Those skilled in the art will readily appreciate that field

25 simulation studies or other known techniques can be used to determine
appropriate dimensions for the couplers. In addition, it is anticipated that in
actual use the external and internal couplers are likely to not be precisely
aligned when installed in some applications.

Each coupler 22, 32 defines a respective centerline 22z, 32z, and the

30 centerlines 22z, 32z should be spaced closely together, ie., aligned with each
other across windshield 26, with the centerlines parallel to each other and
the distance between the centerlines minimized.

As further described below, a coupling element can have more than a
single arm, especially where multiple frequencies are to be accommodated.

35 For example, the inner and outer coupling elements could each have an
even number of substantially equal width arms, with a centerline between
the two inner arms, or an odd number of arms with a centerline that is a
longitudinal bisector of a central arm, or other widths and arrangements
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connect ed gonfinadtion1sf coupling ebernentse22, 32 and their orientation relative to
each other. In one embodiment, coupling elements 22, 32 are triangular.
25 More specifically, in the embodiment shown in FIGS. 2A and 2B and in
general, external coupling element 22 defines a base end 22a, a tapered end
22b, and consequently is tapered inwardly from base end 22a to tapered end
22b. Similarly, internal coupling element 32 defines a base end 32a and a
tapered end 32b. As shown in FIG. 2, base end 32a of internal coupling
30 element 32 is connected to electrical line 44.

The above configuration of the coupling element of the embodiment
can be stated somewhat differently. More specifically, external coupling
element 22 defines a longitudinal dimension "L" between its ends 22a, 22b
and a transverse dimension "T" that is perpendicular to the longitudinal

35 dimension "L". As shown in FIG. 2B, the surface area per unit length of a
first portion "P1" of element 22 that extends across element 22 in the
transverse dimension "T" is greater than the surface area per unit length of
a second portion "P2" of element 22 that likewise extends across the
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centerlines 22z, 32z minimized.

25 However, it will be appreciated that the two base ends do not have to
be precisely overlapping or vertically aligned with each other. RF energy
still couples between the elements even when there is an offset or difference
in the size of the elements. This potentially affects the efficiency or loss of
the coupler, but does not significantly inhibit operation. As stated above, it

30  is also somewhat unlikely that the internal and external coupler elements
will have a highly precise alignment when installed on a vehicle “in the
field,” as opposed to a more highly controlled vehicle factory setting.

The above-disclosed structure provides a low-cost, wide band (multi-
frequency) or dual band, glass-mounted radio frequency (RF) coupler 10.

35 Indeed, the above structure is useful for inductively coupling RF energy in
one of coupling elements 22, 32 into the other coupling element 32, 22
through a dielectric layer, such as, e.g, windshield 26. Further, by
overlapping elements 22, 32 and by gradually increasing the impedance of
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posi tive entiegeside edge of half 58 G5 FIG 4Bd at® S8ois aplitrinatwoaalong a
Struct ur egon SeREHA | #is'e5' GBMIRA two halves 60, 62, with the respective long
edges that face each other diverging from each other as shown. Each arm 60,
25 62 has a respective straight outer edge 60a, 62a, outer edges 60a, 62a being
"straight” by virtue of being substantially parallel to the direction "D" of
taper defined by element 58. Also, each arm 60, 62 has a respective tapered,
ie., angled, center edge 60b, 62b that establishes an oblique angle relative to
the direction "D" of taper. It is to be understood that the arms of the multi-
30 arm couplers disclosed below can be similarly split to increase a coupler's
frequency bandwidth.
In contrast to arm structures 56 and 58 shown in FIGS. 4A and 4B, a
coupling element 64 is shown in FIG. 4C that includes a base 66 and two
tandem tapered arms 68, 70 extending away from base 66. Each arm 68, 70
35 has a respective inwardly angled (from base 66 toward the longitudinal axis
"L" of element 64) outer edge 68a, 70a, and a respective outwardly angled
center edge 68b, 70b. Multiple arms of the same length are useful for
improved coupling of single frequencies, while multiple arms of differing
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t he of arms 76 80 to facilitate coupling more than one frequency Specifically,
arm 78 is configured for coupling at least a first frequency (and odd
25 multiples), and arms 76, 80 are configured for coupling at least a second
frequency. |
The length of arm 80 can be shorter or longer than the length of arm
76 (and 78), for coupling yet a third frequency, or set of frequencies. This is
illustrated in FIG. 5B, where arm 80' is shorter than arms 76' and 78'. In
30 FIG. 5C, coupler arms 76", 78", and 80" are shown having the same length
to improve the bandwidth of a multi-frequency antenna, with dashed line
77 added to illustrate alternative triangular arrangements (non isosceles or
right). In FIG. 5D arms 77, 79, 81, have been subdivided to provide further
bandwidth improvement. However, those skilled in the art will recognize
35 that a point of diminishing returns is generally reached when subdividing
arms too many times, as compared to the manufacturing cost and
constraints to do so. FIG. 5D also illustrates the point that the arms need not



coupling el enent, depending on the nunber of frequencies to be coupled or
to |ncreas equency bandw dth. For exanple, FIG 5A shows pling
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tapering ouigr iRdeIe;. 96, alABugH! R6t SdGalf £ useful for matching impedances,

and could also be broken into a series of discrete angled or stepped elements
25 as shown by outer edge 96" of element 94™ in FIG. 7D.

Additionally, FIG. 8 shows that element 94 defines major surface 95
that is curved in two dimensions, to substantially conform to a curved
vehicle windshield. It is to be understood that the other coupler elements
described herein can define curved major surfaces to conform to vehicle

30 surfaces or windshields. In the embodiment shown in FIG. 8, major surface
95 is established by metal that is etched or deposited onto a thin, flexible
dielectric substrate 99. However, the conductive material can be cast,
extruded, stamped, or otherwise formed to achieve such curved shapes as
desired. The variations in surface shape also need not be in the form of

35 smooth curves, but could be implemented as a series of small steps or
smaller surfaces joined at angles. Those skilled in the art will readily
understand the formations desired to substantially conform to or




15 elenent 94 preferably has a curvature defined by an exponenti al
function oWO 98/48439 edef i ned shape to provide better inpedaneernsbgbs7eg9, and
such a “configuration mght perhaps be preferred over straight tapers.
Al ternatively, the curvature of outer edgs 96 can be defined by a quadratic
function or other curve. Such curved edges can al so be used on coupler 20
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previ ousiy, ilggr&afgg% ;?t?ﬂ}s? it tinent 108 "R¥in" ek 103 ARk SwHELE
on for mput/ output is made) that is similar to coupling
element 100 shown in FIG. 9A, except that both first and second arms 108
25 and 110 are bent into multiple segments. Specifically, as shown, first arm
108 is bent into four segments 108a, 108b, 108¢, and 108d, and second arm 110
has two similarly tapered segments 110a and 110b, with contiguous segments
being perpendicular to each other and with successive segments (from base
103) being progressively transversely thinner. It is to be understood that the
30 coupling elements shown in FIGS. 9A and 9B, like element 22 shown in
FIG. 2, are used in conjunction with another like element with the tapered
end of one ‘element being juxtaposed with the base end of the other.
Those skilled in the art will understand that the arm segments
discussed above need not be positioned perpendicular to each other. Each
35 segment in such an arm can be joined at various angles to adjacent
segments, with 90 degrees being typical, but not a required angle. For
example, a series of arm segments can be formed at 120 degrees, or other
angles, to each other forming a more complex geometric shape. The angles



shown previously, however, second arm 106 does not define a single axis 15
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desired for cou en SP into Ves
(paral | el orien el @s shown a Biadwwihen coupler 10 is mounted on a

vehicle surface such as windshield 16. This allows x.jadlator 112 to be
substantially vertical.

25 Radiating elements 114, 116 can be manufactured using several
different materials such as metal coated plastic or copper, brass, aluminum,
steel, etcc The choice of materials will depend in large part on the
frequencies of interest and corresponding loss imparted by the specific
material. That is, the material is chosen to minimize loses where possible.

30 These may be coated using known techniques or materials for protection,
anodized in the case of aluminum, or the entire assembly may be covered by
a compact radome to protect radiators from the elements or damage from
the environment. Anodized elements and radomes add an ability for
customization with color.

35 As shown in FIG. 2A, radiating elements 114, 116 are separated from
each other and are attached, as by welding, brazing, soldering, or otherwise
making integral with, a common electrically conductive base 118 as shown.



It is to be understood that the coupling elenents shown in FIGS. 2-10,
i ke el enment. 22 shown in FIGS. 2A and 2B, are used in conj uFﬁtion w_th

anot her | i WO %B(4BMEnt with the tapered end of one el enent be 'E{Ufsgﬁé?sa%sed
15 wth the base end of the other in thg sane general nanner.

Returning to FIGS. 1 and 2 (2A and 2B), ®xternal coupling el enment 22
is connected at or near its base end 22a to a radiator, generally
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the radiating elements are not required to have straight side edges but can
vary in shape along their vertical extent as well, such as by having an
undulating cross-sectional variation, such as when certain aesthetics are
25  desired. -

The inwardly-oriented faces 114b, 116b of radiating elements 114, 116
face each other. If desired, however, each radiating element 114, 116 can be
tapered away from base 118, in which case the respective lengths of the
radiating elements 114, 116 are adjusted as appropriate to establish quarter

30 wavelength radiating elements per the principles set forth below.

Specifically, first radiating element 114 is optimally configured for
conducting signals in a first frequency band, whereas second radiating
element 116 is optimally configured for conducting signals in a second
frequency band. In the preferred embodiment, the optimum configuration

35 is achieved by establishing the length "L1" of first radiating element 114 to be
substantially equal to an odd multiple of one quarter of the free space
wavelength of the center frequency of the first frequency band. That is, L1 =
2n+1(A/4) where A is the wavelength of the frequency of interest to be




10 plated plastic, to render elenents 114, 116 electrically conducti ve.
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' ophmalﬁr radiate and/or receive a respective frequency, using the principles
discussed above and well known in the art. Alternatively, in lieu of the
25 particular radiating element structures shown above, FIG.13 shows that a
radiator 142 can include electrically conductive elongated wire radiating
elements 144, 146, 148, 150 that are embedded in or otherwise attached to a
base 152. It is to be understood that each radiating element 144, 146, 148, 150
has a length that is appropriate for configuring the particular element to
30 optimally radiate and receive a respective frequency, using the principles
discussed above. '
FIGS. 14-16 show embodiments of the present multi-frequency
radiator in applications other than the application discussed above (in which
the radiator was associated with a coupler for coupling RF energy across a
35 wvehicle windshield). For example, in FIG. 14, a radiator 154, that is in all
essential respects identical to radiator 112 shown in FIGS. 1 and 2B, is
attached to a metal plate 155, and plate 154 is embedded in or etched onto a
dielectric substrate 156. In turn, dielectric substrate 156 is disposed on a




second radi ating elenments 122, 124 are fastened to a solid netal or netal -
coated plastic cylindrical base 126 as shown by a fastener 128 that extends
through elwoesuss7822, 124 and base 126. The fastener 128 capclresosmsgss, a -
set 10 screw, rivet, pin, or bolt. Such fasteners may also allow radi ator

el ements to be secured at various asgl es to a base for achieving

vertical alignnent on sl anted or sloped surfaces. FIGS. 11B and 11C

show exenplRgil OBk b 158 to ‘@Q%h*sﬁpﬁrﬁ'ﬂcﬁsﬁ Rled> BABCS 12 38 ) pEUSSed
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radi ate and )
electncally connected to appropriate antenna feed components.

Turning now to FIGS. 17A and 17B, a radiator, generally designated
25 200, has first and second elongated, rigid, electrically conductive radiating
elements 202, 204. As shown in FIG. 17 (17A, 17B), radiating elements 202,
204 are separated from each other and are attached, as by welding, brazing,
soldering, or making as an integral part with, a common bar-like electrically
conductive base 206 as shown. Base 206 can be parallelepiped-shaped,

30 cylindrically-shaped, or other known shapes, before bending.

In the particular embodiment shown in FIG.17A, each radiating
element 202, 204 includes a respective curved outwardly-oriented convex
surface 202a, 204a and a respective curved concave inwardly-oriented face
202b, 204b. The inwardly-oriented faces 202b, 204b of radiating elements 202,

35 204 face each other. If desired, however, radiating elements 202, 204 can be
reversed as shown by radiator 200’ and radiating elements 202/, 204’ in
FIG. 17B, such that outwardly-oriented convex surfaces 202a, 204a face each




two frequencies as di scussed above. 5 FIG 15 shows a different

physi cal inplenmentation of the principle di scussed above that is a
copl anar ' feed. More particularly, a radi ator_ 160 i attached
to a met awgggﬂ“g ate 162, and netal ground pl ates 164?,CT1‘€>S@8/§§

positioned on respective sides of feed %ate 162 and are laterally

spaced therefrom Dielectric strips 1687¥170 are respectively sandw ched 10
bet ween ground pl ates 164, 166 and feed plate 162 as shown. The
above str u@ﬁ%ﬁfew $hab #he cugvet and rherat thentapasads tawaed the outside of then
FIG 15, agn@erseaxi al cabl e having a center feed conductor 172 and ground
jacket wires 174. T e ce ter feed conductor 172 is connected to feed plate
162, whi | e 2206 (226") 15 Loppeciedntr OF sAOF® Rreérrablypeade
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el ectrical Ay égﬂﬁﬁ‘gt Pv@%%ﬂﬂ‘ﬁﬁ %Ie g}rém’@%ze 312‘639 202,420 Be Fl G
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base 2038 a@oaﬁg\matl@mhom or ®leoentsa202, Imueqandmmhp&uﬂ @Bt, or molded

cyl indri calijh¥s sheRsHs { t own shapes, before bending. In
the parti cuI ar e od{ a %O%n FIG 17A, each radiating el enent

202, 204 incl udédngm séc,q manufacrarng s Fediator 200 Wt sdigHogelements
surf ace 20282, Zwandrt@n@nmsa@ﬁau&@v@%\éect%%mm WarIts - WA qsredihace
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204 ca0be is formed énty sedbsiredsshape dcorditigatoothe2fifial avidih adsiaed nandltheent s
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202a, 204a
ot her so tHaaterild 220has a saperedrshapgeandghe, base pastiendistiasrowesi becagiset he

of the final shape desired, however, this is not required. The tapering can
also be curved or arcuate instead of straight transitions, ©
25 In FIG. 18A, dashed lines are used to indicate alternative shapes for
' material 220. For example, dashed line 222 represents an outline for
material 220 when not tapered in a transverse direction such as when non-
tapered plate or bar stock is used. Dashed line 224 represents an outline for
when reverse tapered material is used. That is, material 220 is wider on the
30 outer ends and subsequently the top of the radiating elements, when bent. It
will be readily understood that a mixture of these and other shapes, such as
in and out curves or offsets, can also be used as desired. This provides an
antenna with improved availability and efficiency for multi-frequency
signal transfer, while allowing for aesthetic considerations as well, when
35 desired. A variety of known manufacturing techniques can be used to shape
material 220, which can also be in the form of rods or wires. In addition,
only two radiating elements are shown for clarity, with the understanding




ant enna. As shown, base 206 (206') is connected to or nore
preferably made |ntegrally or as a single unit with respective bases
208, 210 wogsasamting 5 elenments 202, 204. Each el ement 2By/USBHSTEf i nes a
respective apex 212, 214 that is opposed to its respective base 208,
210. The faces 202a, 202b, 204a, 204b 21 of -el ements 202, 204 di verge from
apexes 212, 214 to bases 208, 210 as shown. Stated differently,

el ements 202 2Qditasialt *R@A&es! IR NBRT us&P PRS IdestredaSPthin  the? b0 to
their apexes 212,214, Alternatively, faces 202a, 202b, 204a, 204b can 10
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al so be cuglegterits 2an<anatza4lcmteaaﬁ befaweal ﬂ)hforir( ahe lfiﬂa@rxmteﬁﬁa shape of In

FIG 18A, t t t
materi ol 2500 0 Rl B Ui SHEHA R B3 7aA A SBArE B ULy PR Hpd
mat eri al memfterbendungapered in a transverse direction such as when non-
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wi der on t Bigreds imp@ érst eguensy mﬁbewb@maSysqcn@ tvadliafing elemgnt a?mnrg
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r ad| ating Qh&SEItadidtiRgHIanent 264 & Albdtintiiy EqidlGoRH888 RARIPIE of one
quarter of the free space wavelength of the center frequency of the second
frequency band.
25 The previous description of the preferred embod1ments is provided to
enable any person skilled in the art to make or use the present invention.
The various modifications to these embodiments will be readily apparent to
those skilled in the art, and the generic principles defined herein may be
applied to other embodiments without the use of the inventive faculty.
30 Thus, the present invention is not intended to be limited to the
embodiments shown herein but is to be accorded the widest scope consistent
with the principles and novel features disclosed herein.

35 ICLAIM:



that additional elenents could be used as desired within the sane

t echni que. The material formng radiating elenents 202 and 204
is then b upward as shown in FIG 18B and finally '

verti cal %998#%7% to 5 the base as shown in FIG 18C. I?@ﬁ%f’%ﬁg not ed
t hat base 206, in this and ot her 2?‘oodi ments, need—ret—forma 90
degree angle with radiating el emefits 202 and 2044y ! ' S
shown by dashed |ines for a base 206 may be ugmm,m'mgﬂigﬂgrfor
slanted surfaces the antenna is to KSLAIMSnpunted on i tch Fespe a
desired vertical inclination. For exanple, the 10 previously discussed
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art, and the generic principles defined herein nay be applied to other
enbodi nents w t hout s pvent.i (VAR h resent
invention is nlgf i n:ﬂgﬁdeg fgjrb(}apﬁldr#'[ gﬂwlg&teﬁgcmg %déa;%‘o%;@?n%%%{ssﬁggm
herei n But elangatedbeansbarshrld agninshihrbasedop fastenssi st ent with the

principles and novel features disclosed herein. 35 | CLAIM

4. The radiator of any preceding Claim, wherein the first radiating

2 element defines a length substantially equal to an odd multiple of one

quarter of the wavelength of the first signal, and the second radiating

4 element defines a length substantially equal to an odd multiple of one
quarter of the wavelength of the second signal.

5. The radiator of any preceding Claim, wherein the radiating
2  elements are electrically conductive wires embedded in the base.

6. The radiator of any preceding Claim, further comprising:
2 an external coupling element affixable to an external surface of a
window of the vehicle, the external coupling element defining a base end
4 and a tapered end and being tapered from the base end to the tapered end,
the base of the radiator being attached to the base end of the external
6 coupling element; and
an internal coupling element affixable to an inner surface of the
8 window and electrically couplable to a wireless telephone, the internal
coupling element defining a base end and a tapered end, the internal
10 coupling element being oriented relative to the external coupling element

with the base end of the internal element juxtaposed with the tapered end of
: « " This Sheet Has Been Replaced
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CLAI IVB 1. A radi ﬂt""! ’QH! ﬂ on a vehicle and for radiating at

| east fi rwbgsmh';secon respective first andPeEwSggls764 :
frequenci es, conprising: an electrlcally conductive base; at
|l east a first radiating elenent attacheg to the base and extendi ng away
therefrom the first radiating el enment being configured for conducting the

first i gr{ﬁlezefitgﬁ{aﬁoélenhent and %e Lerf %‘f“tﬂ@de{t@ﬂi tél@&eﬂtgj@géogﬁeﬁa‘:hed

to the base gsi firrst lrating el ement, e secon ating

el ement beWith 3%?@@ @ @ndgpt ﬂtﬂh&!\i@m ahelerent econd SI gnal s thereon;

an external coupling el errent afflxabl e to an external surface of a w ndow
of the vehicle, the ter | ement defining a base end and a

t apered end and’bei ng Féﬁa Fgwpgéﬁ%%léﬁ% rtlr"ﬁgcf-’ﬁ}fﬁ?‘séﬂg'end t he
base of2 the radamtelectbiehlly @nidackiod feedl dlenharecckRotti@illyt bsruoet&l 8! the
coupling elenent: and an internal coupling elenent affixable to an
I nner surface o Slehe w ndow and el ectrically couplable to a wrel ess

tel ephdne, the interaalieleotrjy Jayer at lashpartidllynsungoandagettended edementper ed
end, the intern coupling elenent being oriented relative to the external

coupl ing element” Wi th the base end of the internal elenent juxtaposed with
the tapered end of thgreundrplate jeixtaposed awitht the Qiedectrindayér oppositet trenal

el enent j uxt apo eﬁ e tapered end of the internal element. 2.
The radi at or of C a| m wherein the radiating el enents are el ongated, and
are wel ded or brazed to the base. 3. The radiator of claima1, wher ei n

the radiati ng ebe”entlﬁeazra&a&bf)%@l% 72¢heb AR bedAbmeht ié"& Qriy a
f ast ene The radi ator of claim 1, wherein the first di ating

el emanti demeﬁ%]ss%lﬂ ength substantially equal to an odd nulti pI e of one
gquarter of the wavel ength of the first signal, and the second radiating
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wire

10. A dual frequency antenna for establishing a communication
2 path from a wireless telephone within a vehicle to the exterior of the
vehicle, the antenna being inductively couplable to the wireless telephone,
4 comprising:
an antenna base;

6 a mount attached to the base of the antenna, the mount being
attachable to the exterior of the vehicle; and
8 at least first and second elongated radiating elements extending
away from the base and electrically connected thereto, the first
10 element being configured for optimally radiating first signals in a first
frequency band, the second element being configured for optimally
12 radiating second signals in a second frequency band.

11. The antenna of Claim 10, wherein the mount includes an
2  external coupling element inductively coupled to the wireless telephone.

12. The antenna of Claim 10 or 11, wherein the radiating elements
2 are elongated, and are welded or brazed to the base.

13. The antenna of Claim 10 or 11 wherein the radiating elements
2  are elongated, and are held against the base by a fastener.
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23 . The radiator of claim 1, -wherein the radiating elenents are

el ect r| ca}k,byg safpguctive wres enbedded in the base. 6. poTiisvgiedsksat or- of
claiml urther conpri sing: an el ectrlcali—y—f:cmﬁrcﬁ-ve—f—eed—

el ement electrically connected to the Bgse; er at
| east partially surrounding the feed element; and ”m ” "; lm (lﬂgl ate
j uxtaposed with the dielectric |ayer opposi te the fetd %l éneht . *7 he

radiator of claim6, wherein the feed element is a plate or a rretal strlp
8. The radi atdbr oTheIamﬁenﬁa ofiargi oft GhlfrsedOetcerikSntwheremvmthe first9.

A o Sl I (o] AL R T S Ak O fhe

ant enna betemger nwanelengthy dﬁﬁnﬁdath)’eth&) fitse fuequensys ban pﬁdn ne cwepnidsi ng:

an ant gnna, agﬁé&" 1 t heghdin t&{qﬁ sald
nmount |ncI udi ng neeelgf'relr na oupl%lﬂirél:l F&rrentﬁ?%uc Ively coug %Qto th

wirel ess teardghyhaelengtly de @l’%fl ﬂxecﬁ@sondéremmm -ining a base end and
a tapered end such that the external elenent is tapered fromthe base end

to the tapered end, e mount bei ng attachabl he, ext.eri.or of, a w ndow
of the veﬁiuef i’ﬂeant%a%to?axg'seg é§ ‘i Whsreln thejradiafigs

el ements exdefidits gravelrytridadl ?lddmhitafve witds ehttiddedairl thecClpapeect ed t heret o,
the first elenment being contfigured for optinally radiating first signals in
a first frequency band, the second el enent being configured for optimally
radi ati ng secontb.si gﬁhéanterm sfeChaioh 11 eqanycgf @aims 120 15 as depemndémlt er nal

oot rioal %*?%@W‘%#ﬂf the lihal WHpIY LFe defifiel' L B couparnd
el enent detapsred eadpach thad tbﬁ@ﬁemb@l@aeehas tapesed fremnt e basgpend gto

el ementy beﬂ{@tagfe'ré‘d”eﬁa hRHAhE htéind P@rtﬁéf B ise@upl i ng el enent with the
base end of th

i nt ernal el egren uxta h he t apered end, of t
external el enent and2fp@t W %&tcéfé@ ble ite Az ANNeR, SHEERCE O th
the tapered endted vtulfldoMﬂtaﬂm&lec&hﬁT@nTcouplable to a wireless telephone, the

internal coupling element defining a base end and a tapered end, the

8 internal coupling element being oriented relative to the external
coupling element with the base end of the internal element
10 juxtaposed with the tapered end of the external element and the base
end of the external element juxtaposed with the tapered end of the
12 internal element.

17. The antenna of any of Claims 10 to 16, further comprising:

2 an electrically conductive feed element electrically connected to
the base; '
4 a dielectric layer at least partially surrounding the feed element;
and
6 a ground plate juxtaposed with the dielectric layer opposite the

feed element.
18.  The antenna of Claim 17, wherein the feed element is a plate.

19. The antenna of Claim 17 or 18, wherein the feed element is a
2 wire,

20. A method for establishing a communication path from a
2 coupling element of a wireless telephone system including a multiple
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24 10. The antenna of claim9 wherei-n the radiating elenments are

el ongated, and are wel ded ¢ t base. 11. The antenna of
claim9, Wieses4ms t he radi aﬂ“ﬁmmbﬂﬂ “gma el ongat ed, an&CAUSIHRITBH agai nst
‘t he base by a fastener. v TN enna of claim9, wherein the first
radi ati ng el enent defines a length substantially equal one quarter of a
center wavel ength defined by the first frequency band, and the second

radi ati ng el enent defines a length sul anti al | y equal to one quarter of a
center wavel ength defined by the second frequency band. 13. The ant enna
of cl ai m fiequehey erireledsetelephantd iy aevehielet to anair interface abxternabtol i ve

W res Fﬁggﬂﬁge,l&ﬁgﬁs e. 14. The antenna of claim9, further

conpri el%®ctrically conductive feed el enent electrically
connected to the bapzoviding a multipl¢ drequangyageteraa haxing pdrleast tyo

surroundi ng t he,: e%' : rf&Hgd I X € ith the
di el e::?ri c | ayg?ilggggsibt et t(sa %gg‘é\dé?%ng?@yg 15. @ ?Eﬁ”ﬁeﬁ%ﬁ?o | ai m
14, wherein t honduetive dRenteach rdipting elemegt beingopiimaliy castigungdm 14,
whereig the fegsk RIRMBAE sighals M & Bespective frequency band; and

attaching the base of the antenna to the coupling element.

21. The method of Claim 20, further comprising the step of
2  attaching the coupling element fo an exterior surface of a window of the
vehicle.

22, The method of Claim 21, further comprising the step of
2  inductively coupling the coupling element to an internal coupling element,
and electrically connecting the internal coupling element to the wireless

4 telephone.

23. The method of Claim 22, wherein the antenna includes more
2 than two radiating elements.
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