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I ncluding the antenna. 5 The antenna requirenents of a cellular or -
cordl ess tel ephone handset are primarily that it shoul d be conpact and

omi directional. For a handset operating within the frequency range of

800 MHz to 2 GHz the antenna is typically an extendable rod having a | ength
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helical wre 10 having several turns. The antenna is usually nounted
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irradiation and to a radio comimunication unit including the antenna.

The antenna requirements of a cellular or cordless telephone handset are primarily that it
should be compact and omnidirectional. For a handset operating within the frequency
range of 800 MHz to 2 GHz the antenna is typically an extendable rod having a length
approximately equivalent to the a quarter wavelength when extended, or a helical wire
10 having several turns. The antenna is usually mounted partially thhm the handset unit and
partly projecting from the end of the unit adjacent the earphone. One difficulty with radio
telephone handsets is the perceived health hazard associated with prolonged irradiation
of the user’s head by the intense electric and magnetic fields generated close to the
antenna. Typically, 90 per cent of the radiated power is absorbed by the head, particularly
15 by the blood-rich parts such as the ears and lips. Absorption of radiation by the head can
also lead to radiation inefficiency and consequent reduction of the operating range of the

handset, depending on the orientation of the handset and user with respect to the nearest
base station. '

20 Other antennas for operation within the frequency range (800 MHz to 2 GHz) employed
by cellular telephones include the so-called Inverted-F antenna. This has two resonant
patches, one spaced above the other. However, the antenna is mechanically bulky.

In co-pending U.S. Application Serial No. 08/351,631 there is disclosed a miniature
25 satellite navigation antenna having elements formed by four helical conductive tracks on
the outer surface of a ceramic rod made of a material with a relative dielectric constant of
36. The helical elements are arranged primarily for receiving circularly polarised signals.

One of the objects of the present invention to provide an improved radio telephone
30 handset antenna which resuits in reduced radiation into the user’s head.
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configuration on or adjacent the core outer surface and interconnected at respective ends
50 as to form together a path of conductive material around the core, the other ends of the
antenna elements constituting a feed connection. In a preferred antenna in accordance
10 with the invention, the core is cylindrical, having a central axis, and the antenna elements
are co-extensive, each element extending between axially spaced-apart positions on the
outer cylindrical surface of the core. The elements are preferably metallised tracks
deposited or bonded onto the core and arranged such that at each of the spaced-apart
positions the respective spaced-apart portions of the elements are substantially
15 diametrically opposed. The spaced-apart portions all lie substantially in a single plane
| containing the central axis of the core, and the portions at one of the spaced-apart
positions are connected together by a link conductor to form the loop, the portions at the
other of the spaced-apart positions being coupled to feed connections for the loop by cross
elements extending generally radially on an end face of the core. The feed connections
20 may be connected 1o a coaxial feeder structure. The radiation pattern of the antenna has
anull directed perpendicularly on each side of the plane. With the exception of the two
nulis, the radiation pattern is ommidirectional.

By mounting the antenna in a telephone handset, the intensity of the radiation coupled into
25 the user’s head is substantially reduced. At the frequencies of interest (in the region of
800 to 900 MHz, and 1800 to 2000 MHz), the antenna can be constructed so as to be
particularly compact. For example, a DECT (Digital European Cordless Telephone)
antenna operating in the frequency region 1880 - 1900 MHz can typically have a length
of 20.2mm and a diameter of Smm, using a dielectric material having €, = 36.
30
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According to a first aspect of this invention, an antenna for operation at
frequenci es i nNWO9M28ess of 200 MHz conprises an el ectrical FEYCRENMNE ve

core of a material having a relative dielectric constant ([err]) —
greater than 5, and an antenna el ement structure di sposed on or

adj acent the outer surface of the core, the gaterial of the core occupyi ng
the major part 5 of the volune defined by the core outer surface, wherein
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(€,) greater than 5, an antenna element structure including a pair of antenna elements
disposed co-extensively in an opposing configuration on or adjacent the core outer surface
and connected together to form a loop, the antenna element structure thereby having a
radiation pattern which has a null in a direction transverse to the antenna element, and

10 wherein the antenna is so mounted in the unit that the nuil is directed generally
perpendicularly to the inner face of the unit to reduce the level of radiation of the
transceiver in the direction of the user’s head. In the case of the antenna core being in the
form of a cylinder, which may be drum- or rod-shaped, and with a pair of co-extensive
antenna elements the ends of which lie in the plane containing the central axis of the core,

15 the plane is preferably parallel to the inner face of the unit. Providing the antenna with
a trap or balun in the form of a metallised sleeve not only allows the antenna loop to be
fed in a substantially balanced condition, but also reduces the effect of the comparatively
small ground mass represented by the unit and provides'a useful surface area for secure
mounting of the antenna, e.g. by soldering or clamping.

20
For reasons of physical and electrical stability, the material of the core may be ceramic,
c.g. a microwave ceramic material such as a zirconium-titanate-based material,
magnesium calcium titanate, barium zirconium tantalate, and barium neodymium titanate,
or a combination of these. The preferred relative dielectric constant (¢,) is upwards of 10

25 or, indeed, 20, with a figure of 36 being attainable using zirconium-titanate-based
material. Such materials have negligible dielectric loss to the extent that the Q of the

antenna is governed more by the electrical resistance of the antenna elements than core

loss.

30 A particularly preferred embodiment of the invention has a cylindrical core of solid
material with an axial extent at least as great as its outer diameter, and with the diametrical
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elements.
10
In the preferred antenna, the antenna elements are fed from a distal end, the core having
a central passage housing a coaxial feeder structure extending from a proximal or
mounting end of the core and opening out at the distal end where radial elements couple
the antenna elements on the cylindrical outer surfhce of the core respectively to the inner
15 and outer conductors of the feeder structure. The link conductor may then be annular, and
advantageously is constituted by a cylindrical sleeve on the outer surface of the proximal
part of the core.

The choice of antenna element configuration affects the bandwidth of the antenna, insofar
20 as the use of helical elements tends to increase bandwidth compared with antenna
elements parallel to the central axis of the core. '

The invention will now be described by way of example with reference to the drawings,
in which:-
25

Figure 1 is a perspective view of an antenna in accordance with the invention;
Figure 2 is a diagram illustrating the radiation pattern of the antenna of Figure 1;

30 Figure 3 is a perspective view of a telephone handset, incorporating an antenna in
accordance with the invention; and
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Thus, according to a second aspect of the invention there is provided a
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I ntegral earphone for directing sound energy froman inner face of the
unit which, in use, is placed against the user's ear, and an ant enna
coupled to the transceiver and |ocated in thg region of the earphone,
mherern 3_tre antenna conprises: an electrically insulative core having a
relative dielectrj c const ant
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: form a feeder structure for coupling a feed line to the antenna elements 10A, 10B at a

feed position on the distal end face 12D of the core. The antenna element structure also

10 includes corresponding radial antenna elements 10AR, 10BR formed as metallic tracks
on the distal end face 12D connecting diametrically opposed ends 10AE, 10BE of the
respective longitudinally extending elements 10A, 10D to the feeder structure. The other
ends 10AF, 10BF of the antenna elements 10A. 10B are also diametrically opposed and
are linked by an annular common virtual ground conductor 20 in the form of a plated

15 sleeve surrounding a proximal end portion of the core 12. This sleeve 20 is in tumn
connected to the lining 16 of the axial passage 14 by plating 22 on the proximat end face
12P of the core 12.

In this preferred embodiment, the conductive sleeve 20 covers a proximal portion of the

20 antenna core 12, thereby surrounding the feeder structure 16, 18, the material of the core
12 filling the whole of the space between the sieeve 20 and the metallic lining 16 of the
axial passage 14. The sleeve 20 forms a cylinder connected to the lining 16 by the plating

22 of the proximal end face 12P of the core 12, the combination of the sieeve 20 and
plating 22 forming a balun so that signals in the transmission line formed by the feeder

25 structure 16, 18 are converted between an unbalanced state at the proximal end of the
antenna and a balanced state at an axial position approximately in the plane of the upper

. ' edge 20U of the sleeve 20. To achieve this effect, the axial length of the sleeve 20 is such
that in the presence of an underlying core material of relatively high dielectric constant,

the balun has an electrical length of about A/4 at the operating frequency of the antenna.

30 Since the core material of the antenna has a foreshortening effect, the annular space

surrounding the inner conductor 18 is filled with an insulating dielectric material 17



antenna el enents the ends of which lie in the plane containing the central
axis of the core, 15 the plane is preferably parallel to the inner face of
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circulating between the antenna elements 10A, 10B, are confined to the rim 20U and the

loop formed by the antenna element structure is isolated. The sleeve 20 thus acts as an
10 isolating trap.

In this embodiment, the longitudinally extending elements 10A, 10B are of equal length,

each being in the form of a simple helix executing a half turn around the axis 12A of the
core 12,

15
The antenna elements 10A, 10B are connected respectively to the inner conductor 18 and
outer lining 16 of the feeder structure by their respective radial elements 10AR, 10BR.
It will be seen, then, that the helical elements 10A, 10B, the radial elements 10AR, 10BR,
and the sieeve 20 together form a conductive loop on the outer surface of the core 12, the

20 loop being fed at the distal end of the core by a feeder structure which extends through the
core from the proximal end and lies between the antenna elements 10A, 10B. The antenna
consequently has an end-fed bifilar helical structure.

It will be noted that the four ends 10AE, 10AF, 10BE, 10BF of the antenna elements 10A,
25 10B all lie in a common plane containing the axis 12A of the core 12. This common plane
is indicated by the chain lines 24 in Figure 1. The feed connection to the antenna element
structure also lies in the common plane 24. The antenna element structure is so
configured that the integral of currents induced in elemental segments of this structure by
a wave incident on the antenna from a direction 28 normal to the plane 24 and having a
30 planar wavefront sums to zero at the feed position, i.e. where the feeder structure 16, 18
is connected to the antenna element structure. In practice, the two elements 10A, 10B are
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extent «of the solid material being at |east 50 per cent of the outer

di anet er. Thus WQ %&7¢3r e may be in the formof a tube haFCA{B7/00085 -
conparatively narrow axi al passage of a dianeter at nost half the -~
overal |l dianeter of the core. 5 Wile it is preferred that the antenna
el enents are helical, with each el ement execyting a hal f-turn around

the core, it is also possible to formthe el enents such that they are
parallel to the cent chj a
null which is %ogef ?@ﬁg{’ébﬁéﬁm &fﬁgleg%&%ghﬂéb% ﬂﬁgfefd&
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proxi mal or complementary increment of the other of the elements 10A, 10B at an equal distance from

5 the central axis 12A. '

The antenna element structure with half-turn helical elements 10A, 10B perfonxis ina
manner similar to a simple planar loop, having a null in its radiation pattem in a direction
transverse to the axis 12A and perpendicular to the plane 24. The radiation pattern is,
10 therefore, approximately of a figure-of-eight form in both the vertical and horizontal
planes transverse to the axis 12A, as shown by Figure 2. Orientation of the radiation
pattern with respect to the perspective view of Figure 1 is shown by the axis system
comprising axes X, Y, Z shown in both Figure 1 and Figure 2. The radiation pattern has
two nulls or notches, one on each side of the antenna, and each centred on the line 28

15 shown in Figure 1.

The antenna has particular application at frequencies between 200 MHz and 5 GHz. The
radiation pattern is such that the antenna lends itself especially to use in a handheld
communication unit such as a cellular or cordless telephone handset, as shown in Figure

20 3. To orient one of the nulls of the radiation pattern in the direction of the user’s head, the
antenna is mounted such that its central axis 12A (see Figure 3) and the plane 24 (see
Figure 1) are parallel to the inner face 301 of the handset 30, and specifically the inner
face 301 in the region of the earphone 32. The axis 12A also runs jongitudinally in the
handset 30, as shown. Again, the relative orientations of the antenna, its radiation pattern,

25 and the handset 30 are evident by comparing the axis system X, Y, Z as it is shown in
Figure 3 with the representations of the axis system in Figures 1 and 2.

The preferred material for the core 12 of the antenna is a zirconium-titanate-based
material. This material has a relative dielectric constant of 36 and is noted also for its

30 dimensional and electrical stability with varying temperature. Dielectric loss is negligible.
The core may be produced by extrusion or pressing.



nmounting end of the core and opening out at the distal end where radi al

el enents coupl e the antenna el enents on the cylindrical outer surface
of the:core respectively to the inner 15 and outer conductors of the feeder
structure. TwWo9Rmh2 conduct or may then be annul ar, and PeTigBaiodgs ous| y
is constituted by a cylindrical sleeve on the outer surface of the proxinal

part of the core. The choi ce of antenna el ement configuration affects
t he bandwi dth of the antenna, insofar 20 as the use of helical elenents
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of the antenna least faugsimes its thiclgwssovgr ite operativedenpth. s ble: tracke may b fofmed by
tel ephone handsgbny BRGRE HeMukidts 3P 1 Vofd P2 with a metallic layer and then selectively

5 etchmg away the layer to expose the core according to a pattem applied in a photosensitive
layer similar to that used for etching printed circuit boards. Altematively, the metallic
material may be applied by selective deposition or by printing techniques. In all cases, the
formation of the tracks as an integral layer on the outside of a dimensionally stable core
leads to an antenna having dimensionally stable antenna elements.

10
With a core material having a substantially higher relative dielectric constant than that of
air, e.g. €, = 36, an antenna as described above for the DECT band in the region of 1880
MHz to 1900 MHz typically has a core diameter of about Smm and the longitudinally
extending elements 10A, 10B have a longitudinal extent (i.e. parallel to the central axis

15 12A) of about 12.7nun. The width of the elements 10A, 10B is about 0.3mm. At 1890
MHz the length of the balun sleeve 20 is typically in the region of 7.5mm or less.
Expressed in terms of the operating wavelength X in air, these dimensions are, for the
longitudinal (axial) extent of the elements 10A, 10B: 0.08A, for the core diameter:
0.0315A, for the balun sleeve: 0.047 or less, and for the track width: 0.00189A. Precise

20 dimensions of the antenna elements 10A, 10B can be determined in the design stage on
a trial and error basis by undertaking eigenvalue delay measurements.

Adjustments in the dimensions of the plated elements during manufacture of the antenna
may be performed in the manner described in our co-pending U.S. Application Serial No.

25 08/351,631 with reference to Figures 3 to 6 thereof. The whole of the subject matter of
the co-pending application is incorporated in the present application by reference.

The small size of the antenna renders it particularly suitable in handheld devices such as
a mobile telephone handset and other personal communication devices. The plated balun
30 sleeve 20 and/or the plated layer 22 on the proximal end face 12P of the core 12 allow the

antenna to be directly mounted on a printed circuit board or other ground structure ina
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Figure 4 is a perspective view of a second antenna in accordance with the

i nventi on. WORKF &% ing to Figure 1, an antenna 10 in accdiCRAGRIBOMBS h

t he invention has an antenna el ement structure with two | ongitudi nal by
extendi ng antenna elenents 10A, | OB forned 5 as netallic conductor tracks
on the cylindrical outer surface of a ceram'cgcore' 12. The core 12 has

an axi al passage 14 with an inner netallic Iining 16, and the passage
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line to the antenresd facei2fnag ba shlderetii@a ground plane on the upper face of a printed circuit board

- with the inner feed conductor 18 passing directly through a plated hole in the board for

soldering to a conductor track on the lower surface. Alternatively, sleeve 20 may be

5 clamped or soldered to a printed circuit board ground plane extending parallel to the axis

12A, with the distal part of the antenna, bearing antenna elements 10A, 10B, extending

beyond an edge of the ground plane. It is possible to mount the antenna 10 either wholly

within the handset unit, or partially projecting as shown in Figure 3.
10 An alternative embodiment within the scope of the invention is shown in Figure 4.

Referring to Figure 4, the antenna elements 10A, 10B plated on the cylindrical surface of
core 12 are, in this case, parallel to the central axis 12A on opposite sides of the latter. As

in the embodiment of Figure 1, the antenna elements 10A, 10B are connected respectively

15 to the inner and outer conductors 18, 16 of the feeder structure via radial elements 10AR,
. 10BR on the distal end face 12D of the core 12. Again sleeve 20 forms an isolating trap

so that its upper rim forms part of a loop extending around the core from one feeder
conductor 16 to the other 18. In other respects, the antenna of Figure 4 is similar to that

of Figure 1. It has a similar radiation pattern, with nulls directed transversely of the

20 central axis and perpendicular to the plane containing elements 10A, 10B, and the feeder
structure 16, 18.
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.the antenna elements constituting a feed connection.

2. An antenna according to claim 1, wherein the core is cylindrical and has a central
axis, and the antenna elements are co-extensive, each element extending between
15 ~ axially spaced-apart positions on the outer cylindrical surface of the core and such
that at each of the spaced-apart positions the respective spaced-apart portions of
the antenna elements are substantially diametrically opposed, the said antenna
element portions all lying substantially in a single plane containing the central axis
of the core, wherein the antenna element structure further comprises a link
20 conductor linking the said antenna element portions at one of the spaced-apart
positions to form a loop, the antenna element portions at the other of the spaced-

apart positions being coupled to the feed connection.

3. An antenna according to claim 2, wherein the antenna elements are of equal length
25 and are helical, each executing a half-turn around the core between said spaced-
' apart positions.

4. An antenna according to claim 2, wherein the antenna elements are parallel to the
central axis of the core.
30
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annul ar space sur roundi ng the is filled with an
insulating dielectric material 17 ED764

PCT/ GB97/ 00085WO 97727642 PCT/GB97/00085
having a relatively smal'T dielectric constant, and the feeder structure — -
distally 120 has a short electric | ength. As a result,
signal s Lﬂl’lnmﬂhmwm@l?,m $f the feeder structure ~°~ 16, 18 are at |east
appr oxi matel § bal ance 5 A further effectllof the sleeve 20 is that for

signals in the region of the operating frequen of the antenna, the
rim20U of the slgeve Atpantenna agcarding te pRY precedia eélm.mlndmeangmgmbtrap arranged

represented by the out bRy GltGlndafly Bhiahdd cbRAGS ar e 146 dhfeculfli S MeANS

that currents

30 Si‘ nce the core material of the a t-ﬁ_pgﬁ ~f*-cvreﬁ—Fortem ng effect, the
inn
2

6. An antenna according to any preceding claim, including a feeder structure passing
5 ~ through the core and connected to said other ends of the antenna elements.

7. An antenna according to any of claims 2 to 4, wherein the antenna elements
include radial portions lying on a single diameter and coupling said antenna

element portions at the other of the spaced-apart positions to the feed connection.
10

8. An antenna according to claim 7, including an axial feeder structure passing

through the core and connected to the antenna elements at a distal end of the core.

9. An antenna according to claim 8, wherein the link conductor is annular and
15 . connected proximaily to the antenna elements,

10.  An antenna according to claim 9, wherein the link conductor cbmprisw a
cylindrical conductive sleeve on a proximal part of the outer surface of the core,
and wherein the proximal end of the sleeve is connected to an outer screen part of

20 the feeder structure,

11.  Anantenna according to any preceding claim, wherein the antenna elements form
a loop having a pair of side portions, and cross portions which extend between
each of the side portions, the ends of the side portions defining the corners of a
25 ~ notional rectangie, one of the cross portions containing the feed connection.

- 12.  Anantenna according to claim 11, wherein, between their ends, the side portions
extend on opposite sides of the plane of the rectangle.

30 13.  Anantenna according to claim 12, wherein each increment of each side portion

has a corresponding complementary increment in the other side portion, such pairs
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circulating between the antenna el s 10A, 10B._are confined to the rim
20U and the | oop formed by the |aFHISSHEESIHAEBEETructure is isolated.
The sleeve 20 thus acts as an 10 i gol at i RBPLACED I'n this enbodi ment,
t he | ongi t udivgbipss@xt endi ng el ene , equalp

each bei ng.ﬂiw? mpl e helix executing a half turn ar)t%oﬁ%l t he
axis 12A of the core 12. 15 The antenna el ements 10A, 10B are
connect'ed rlmﬂmrm“m e i nner conductor 18 and outer lining 16 of
‘the feeder & mm”ﬂ r respective raglial elenents 10AR, 10BR | t

will be seen, t®heh, fhat tte helical elenents 10A, 10B, the radial elenents

10AR, 10BR, and 5 @mpleRRMBryifcrbmams migbéqamm &d%ﬁﬁ&itaz ispdRed RO aQRntrdl©

outer surface of the core 12, the 20 | oop being fed at the distal end of

the core by a feederadsefithersctanglpi ch ext ends through the core fromthe
proxi mal end and |lies between the antenna el enents 10A, 10B. The antenna
consequently has an end-fed bifilar helical structure. It will be

noted that the fléur Andmtehfid\Becotding-to digini |, WhaFinathe aimenman¢lements Ermnz fdop
10A, 25 10B gll lie_in ommon pl ane .contai ning.the axis of the core
12. This comdn pl an@“"““&ﬁef‘g"i‘qﬁﬁq’%“a‘f“g syah I’\'é&ﬁ“i’ﬁ‘?fb%'l'é‘?l CP%F‘W‘Q‘_E}PQ 1.
The feed connection @i ihla9egidt oppositeThe6&I Yonnection, WiicHregiofis A& 8otiated wit al Ne
common pl ane 24. The antenna el enent structure is so

central axis of the antenna, the resultant currents in the loop travel in a common

plane containing the central axis.

10 15.  Anantenna according to claim 14, wherein the elements are configured such that
the resultant currents in the respective regions travel in the same and parallel

directions in the common plane.

16.  Anantenna according to claim 14, wherein the elements are configured such that
15 the resultant currents in the respective regions travel in parallel but opposite
" directions in the common plane.

17.  An antenna according to any of claims 14 to 16, wherein the antenna elements

include, in the region opposite the feed connection, conductors which extend on

20 opposite sides of said plane between points contained in the plane and located on
opposite sides of the central axis.

18.  An antenna for operation at frequencies in excess of 200 MHz, comprising an
electrically insulative core of a material having a relative dielectric constant

25 greater than 5, and an antenna element structure disposed on or adjacent the outer
surface of the core, the material of the core occupying the major part of the volume

defined by the core outer surface, wherein the antenna element structure comprises

a loop extending around the core and terminated at a feed connection, the antenna

having a radiation pattern which is omnidirectional with the exception of a null

30 centred on a null axis passing through the core.
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configured that the integral of currents induced in elenental segnents of

this structure by a wave i nci fegyfs ermla froma direction 28
' §0§Hg§w%\g§v
ur

normal -to the plane 24 and having p aveffront suns to zero at
the feed positWOP727642. where the Eeede e 6, 18  PCT/GBY7/0008s -
connect ed—%e—t—he—ani—enna“ﬁ'enent structure. In practice, the two el enment-s~

10A, 1OB 7642 -
PCT/ GBO7/ Eﬂﬂ lll“!ml l 7
equal l'y di y wei ghted on eitler side of the plane 24,

yi el di ng vectori al s ymetry about the plane. Each el enment 10A, 10B may
be regarded as belthg m@nwpnmccordmgatomlmﬂ&t\yhmmlth@mtnmt@dxa@mpam iHf
Whl ch lies dianetrical ée\éfmﬁﬁ o%x%hq a correspondi ng conpl ement ary

i ncrement of the other € elenents 10A, 10B at an equal distance fromb5
the céntral axis 12A

20.  Anantenna according to claim 18, wherein the antenna element structure is a 360°
5 loop.

21.  An antenna according to claim 18, wherein the antenna element structure is a
twisted loop.

10 22. A handheld radio communication unit having a radio transceiver, an integral
earphone for directing sound energy from an inner face of the unit which, in use,
is placed against the user’s eaf, and an antenna coupled to the transceiver and
located in the region of the earphone, wherein the antenna comprises:

an electrically insulative core having a relative dielectric constant greater
15 than 5,
an antenna element structure including a pair of antenna elements disposed
co-extensively in an opposing configuration on or adjacent the core outer surface
and connected together to form a loop, the antenna element structure thereby
having a radiation pattern which has a null in a direction transverse to the antenna
20 elements,
and wherein the antenna is so mounted in the unit that the null is directed
generally perpendicularly to the said inner face of the unit to reduce the level of
radiation from the unit in the direction of the user’s head. |

25 23. A unitaccording to claim 22, wherein the antenna core is in the form of a cylinder
the central axis of which is substantially paralle] to said inner face in the region of
the earphone, and wherein the antenna elements extend between a pair of axially
spaced-apart positions on the rod, with the antenna element ends at each such
position being diametrically opposite each other and lying in a plane which

30 contains the central axis and which is generally parallel to the inner face of the unit
in the region of the earphone, the antenna element structure further including a
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The antenna el enent structure with T 1 el enents 10A, 10B
perfornms in a manner simlar t ?Q@%ﬁ%‘g *Egﬂlloop, having a null in
its radiation pattern in a directi erse|to the axis 12A and

per pendl cul arwooriree pl ane 24. The radiation pattern is, 1G :

appr oxi mat eI’y of —a—f+gure-of -ei ght formin both the vertlcal and orizontal
pl anes tran axi s;12A; as shown by Figure 2. Orientation of the
radi ation "ﬂmm ’a@! @ espect to the perspective view of Figure 1 is
shown by the*axts s corrprisi ng axgs X, Y, Z shown in both Figure 1
and Figure 2. The radi ation pattern has two nulls or notches, one on
each side of the antBRndenddbMr finkilg AR hiilekhaOflerhétf énli$'at o5k Sﬁﬂa‘é%%bdléﬁ

Figure 1. The antenna has partlcul ar application at frequencies

bet ween 200 MHz and Bositigns. The radi ation pattern is such that the
antenna lends itself especially to use in a handheld communi cati on -

unit such as a cellular or cordless tel ephone handset, as shown in Figure
20 3. To ori ent 2éne Afinitaccording toodlaitn 23, mhekielt | on pattern in the direction

of the user's_head, the antenna i.s unted such that its central axis -
12A (see Figure 3) and thie 9 rr%e Hreée"’l'}m&f“ vy gbept ths ¢ he
i nner face 301 of thgedpangset 30, and speC|f|caIIy t he i nner face 301
in the region of the earphone 32. The axis, 12A al so runs longitudinally in
t he handset 30, as sthelinkconducter is formed by agonductive sieeve encireling the cylinder
antenna, its radiatigpg gt he handset 30 are evident by
conparing the axis syste %&%o&tm%ﬁg@%ﬂ IS shown in Figure 3 with the
representati ons of the axihe antgtaciomentsiat theother of therspac@d-apart positions are coupled

10 to an axial feeder structure passing through the core.

25. A method of manufacturing an antenna as claimed in claim 1, comprising forming
the antenna core from the dielectric material, metallising the extemal surfaces of
the core according to a predetermined pattern.

15

26. A method according to claim 25, wherein the metallisation step includes coating
the external surfaces of the core with a metallic material and removing portions
of the coating to leave the predetermined pattern.

20 27. A method according to claim 25, wherein the metallisation step includes forming
a mask containing a negative of the said predetermined pattern and depositing a
metallic material on the external surfaces of the core while using the mask to mask
portions of the core so that the metallic material is applied according to the

predetermined pattern.
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The preferred material for the core 12 of the antenna is a
zitconiumtitanate-based material’. This material has a relative
dielecttic constant of 36 and is noted also for its 30 dinensional and
el e€ctrical staBY@P¥264ai t h varying tenperature. Diel ectric | oPETIGBI7/00085

negl i gi bl e. The core may be produced by extrusion or pressing. _—
WD 97/ 27642
PCT/ GB97/ 00085 ' y, - 8 The
antenna el enments 10A, 10B, 10AR, 10BR arg'wgtalllc conductor tracks bonded
to the outer cylindrical and dist end surflaces of the core 12, each
track being of a width of at east four timgs iP4 thickness over its
operative |length. THE tracks;_) g‘% for BR d’c;%tially plating the
surfaces of the core Iﬁg:ut Voger an en selq&Zively
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5 etching away the | ayer to expose the core ac
in a photosensitive | ayer simlar to that
circuit boards. Alternatively, the nmetallic
sel ective depd¥P®¥#842or by printing techni ques
formati on of the tracks as an integral
di mensi onal |y stable core
stabl e antenna el enents. 10
hi gher relative dielectric constant ;?%E%;h
an antenna as descri bed above for th

MHz to 1900 WHz typically has a core dianeter
| ongi tudi nal |y extendi ng el enments 10A, 10H
(i.e. parallel to the central axis 15 12A) of
the elenents 10A, 10B is about 0.3nmm At 1890
bal un sleeve 20 is typically in the region of
in ternms of the operating wavelength [err] in
for the | ongi tudi nal (axial) extent of th
0.08[err], for the core dianeter. .0
0.047[err] or less, and for the track/w dth:
di mensi ons of the antenna elenents 10
stage on a trial and error basis| by under
measur enent s. Adjustnents in tRe dinme
during manufacture of the antenna
described in our co-pending U S. Application
reference to Figures 3 to 6 thereof. The whol ¢

at

[«

~J

Fig.2.

| ayer on the outside of a
| eads to an antenna havi ng di nensionally
Wth a core materi al

b

cording to a pattern applied
used for etching printed

mat erial may be applied by
. In all casesECHGRITI0008S

havi ng a substantially

of air, e.g. [err] = 36,
bangd in the region of 1880
of about 5nm and the
have a | ongitudi nal extent

about 12.7mm The wi dth of
MHz the I ength of the

7.5mm or | ess. Expressed

air, these di nensions are,

e el enments 10A, 10B

he plated el enents
p d in the manner

erial No. 25 08/351,631 with
of the subject matter of




the co-pending application is incorporated in the present application by
ref erence. The small|l size of the antenna renders it particularly

sui tabl’e i n handhel d devi ces such as a nobil e tel ephone handset and

ot her personal W@¥#T2cati on devi ces. The plated balun 30 sIREIGBIZ®O8H1d/ Or
the plated layer 22 on the proximl end face 12P of the core 12 allow the-~
antenna to be directly nounted on a printed circuit board or other ground
structure in a WD 97/ 17642 '

PCT/ GB97/ 00085 3/3 9
particularly secure manner. Typically, if the antenna is to be end-nounted,
t he proxi mal end face 12P ¢ be gpl dgged to a ground plane on the

it board wi Lhb pnner feed conductor 18

upper face of a printed cir
passing directly through a %?

10AR

16
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sol der i ng to a conductor track on the | ower surface. Al ternatively, sleeve
20 may be 5 clanped or soldered to a printed circufffogts—gretad-pl ane .
extenjmﬂ‘l‘eﬁﬁ-o‘t—he axi s 12A, with the di M@Mﬂﬂi‘ S:H&g
.ant.ennﬂ"m i a el ements 10A, 10B, extendiipg| beyond arn‘qdge’ of,*
the gr ﬁwmﬂ”ﬂﬂfﬂmF possible to nount tlRe antenpal 1@ Em‘%{ggah Iy

] W

within Y hé€ handgets u , or partially projecting asf shown in

in

An al ternative enbodi nent within the scof&AIMS he ihv
Figure 4. Referring to Figure 4, the antenna [gel enents 10A, 10B{jpl at ed
on the cylindrical surface of core 12 are, in this case, paralrer to

the central axis 12An%t§ﬁ9%11 6ﬁer&§idﬁ‘eﬁ? ﬁgﬁ%@%fgﬁte&%é #9200 Mﬁﬁg%c%rrré]q%isiﬁg an

enbodi ment of Figure 1, e antenna are con

respectively 15 to elbericallydnsubaive euteaf agolidiatetialhalihg dl@ldtive digechfCdfistant
structure via radial elepents 10AR 10BR on the distal end face 12D of

the core 125 Again 8WaEL6ans, andmapyntenng eementistryctiieisposed gruonadiacentitse aptper
B N A T ——
Ll k0 b e oyt skt st ],
pl ane contai ni ng el @#8inglespaingf eloogte antdnuzhelementdevhich aresdispastdire ad Gppdsing
configuration on or adjacent the core outer surface and which are substantially co-

10 extensive, w1th each element extending between positions spaced Apén in the
direction of a central axis of the antenna, the antenna elements béihg _
interconnected at respective ends so as to form together a path- of conductive
material around the core, the other ends of the antenna elements cdnétituting a feed
connection. |

15 |

2. An antenna according to claim 1, wherein the core defines the central éxis,
wherein the antenna elements are substantially co-extensive in the axial direction

- with each eleinen_t extending beMeen axially spaced-apart positions on or adjacenf

the outer surface of the core sﬁch that at each of the spaced-apart positions the

20 respective spaced-apart f.x')r'tidns of the antenna elements lie substantially ina
single plane containing the central axis of thé core, and wherein the antenna

element structure further comprises a link conductor linking the said antenna

elem'ent' portions at one of the spaced-apart positions to form a loop, the antenna

element portions at the other of the spaced-apart positions being coupled to the

25 feed connection.

3. 'An antenna according to claim 2, wherein‘ th_e core is cylindrical, the axis of the
cylinder constituting the central axis of the core, and wherein the reépective
| spaced-apart portions of the antenna elements are substantially diametrically

30 oppoSed.
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CLA VB An antenna for operation at frequencies in excess of 200

electrically insulative core of a solid =~ .
M_‘ammm]“"'“!" Hfﬁ"’el ative dielectric constant 5 greater than 5; and- :
an ant enna ensen* structure disposed on or adjacent the outer C o s

surface of the core, the material of the cdfe occupying the najor part of _
t he vol une : defined by the core outer surface, wherein the '
antenna el emerd. st r AnunesnLA0eding6 claim 3, wherein thefanfénd kR s ard ¥t e§LA MRS
antenna el enents which are_disposed in an opposing

configuration on orangfre belifal,ieaeh exscutinga balf-tum arauad dbeicorh betwean eaid spaced-

substantially Co- 13’ i extensive, wth'each el ement extending between
positions spaced ap appoal PR . direction of a central axis of
t he ant'enna, the antenna el enents being - I nt erconnected at

respective ends so as to formtogether a path of conductive
material aréurid theAnantennadceordingdo claim 3, whertinshaumttenmelemhenineié parallel to the

connectlon
constituting a feed entral axls ofthe core

6.l " Anantenna according to any preceding clainl, including an integral trap arranged
to promote a substantially balanced condition at the feed connection.
10 |
7. An'anfenna according to any preceding claim, including a feeder structure passing

through the core and connected to said other ends of the antenna elements.

2 An antenna according to any of claims 3 to 5, wherein the antenna elements
15 include radial porti_oxis lying on a single diameter and coupling said antenna

element portions at the other of the spaced-apart positions to the feed connection.

9. An antenna according to claim 8, including an axial feeder structure passing
through the core and connected to the antenna elements at a distal end of the core.

20 . _ . .
10. An antenna according to claim 9, wherein the link conductor is annular and

connected proximally to the antenna elements.

‘11. ._An antenna accordmg to claim 10, wherein the link conductor comprises a
25 cyllndncal conductive sleeve on a proximal part of the outer surface of the core,
| and wherein the proximal end of the sleeve is connected to an outer screen part of
the feeder structure. -

12, An antenna accordmg to any preceding claim, wherein the antenna elements form

30 ——q loop having a pair of side portions, and cross portions which extend between
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15 \Q\AELMH\ according to claim1, wherein the core defines the

centrm wherein the antenna el enents arer %g@gé{k laced
co-e m,’ Im ﬂm ial direction wi th each e
bet weed rl apart positions on or adjacent ulﬂmm
surface of the core *such that at each of tI% spaced-apart p

respecti ve spaced-apart portions of the antenna elenents |lie substantially

in a Siea¢d of theait poptidm] therEds Hithe eidepatticisidefitingtthecdrfés of and
wherein the antenna el ement structure further conprises a link
conduct or | i nki ng- tHorad rertangie; aae of the cross portions pentpiningibe foed ¢onuactione of

the spaced-apart positions to forma | oop, the antenna el enent

portions at the other of the spaced-apart positions being coupled to the 25

feed connecti @y,  Anantenfa accorcﬁﬂg ﬁﬂllﬁﬂ'ﬂm WHeRirt]] 'b@ﬁﬂéeﬁ tRéiRérils 2the YR MRk tbrshe
core is cylindrical, the axis of cylinder constituting the

central axi% of thexmudetlogpcstwﬁuieepﬁthetmneeﬁpmzteptaagle
spaced-apart portions of the antenna el enments are substantially
dianetrically 30 opposed.

14. An antenna accordmg to claim 13, wherein each increment of each side portion
hasa correspondmg complementary increment in the other side portion, such pairs
-of complementary increments being equally and opp051tely spaced from a central

10 axis of the rectangle. | | |

~15.  An antenna according to claim 1, wherein the antenna elements form a loop
“around the core and are configured such that in the region of the feed connection

and in a region opposite the feed connection, which regions are a_ssdciated with a

15 central axis of the antenna, the resultant currents in the loop travel in a common

plane containing the central axis. .

16. ‘An antenna ac'eord_ih'g to clal_m 15, wherein the elements are configured such that
| the resultant currents in the respective regions travel in the same and parallel
- 20 " directions in the common plane. |
17. | An antenna according to claim 15, wherein the elements are configured such that
the resultant currents in the reepective reglons travel in parallel but opposite
directions in the common plane. '
- 25 | T
18. . An antenna according to any of claims 15 to 17, wherein the antenna elements
~ include, in the region oppos:te the feed connectlon conductors which extend on
opposite sxdes of said plane between pomts contained in the plane and located on

opposite sxdes of the central axis.
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ding to claim 3, wherein the antenna el enents are of

equ and are helical, each executing a half-turn around
the H;E!Jd spaced- apart positions. 5 5. An -
ant claim3, wherein the antenna elenents are paralle] to-

t he central axis of the core. 13 6. An ant enna accordi ng
to any preceding claim including an integral trap arranged to
pronot e a subsfent i Ah laytchni acvoriing ﬁflﬂ'lytpr@dfbdﬂig didien, fh@ﬁﬁ eaqhdiatén ?éherﬂ-gntha
7. An antenna according-to any preceding claim inc ud| ng a teeder
structure passing nulina lfeCtlﬂwl'mﬁganPFmﬂw@‘cl@trdradlsconnect ed to said other
ends of the antenna el enents. 8. An ant enna accordi ng to any of
clains 3 to 5 wherein the antenna el enents 15 i ncl ude radi al
~portions |yingen aAsididkdephionsBhfisetditenn diddrditlg 3¢ty prat&finPclaim.
5 _

21.  Anantenna according to claim 20, wherein the relatwe dielectric constant of the
core material is greater than 10

22. Anantenna according to claim 31, wherein the relative dielectric constant of the

10 ~ core material is greater than 20.

23.  An antenna according to any of claims 20 to 22, configured to have an operating
frequency in the region of 800 MHz to 900 MHz.

15 24.  Anantenna according to any of claims 20 to 22, configured to have an operating '
frequency in the region of 1800 to 2000 MHz.

25. A radio telephone handset antenna comprising a substantially cylindrical
electrically insulative core which is formed of a solid material having a relative
20 dielectric constant greater than 5 and which defines a _céntral antenna axis, and an
antenna element structure disposed on or adjacent the outer surface of the core, the
material of the core occupying the major part of the volume defined by the core
outer surface, wherein the antenna element structure comprise a siﬁgle pair of
axially co-extensive and coaxial half-turn helical elements disposed in a -
25 diametrically opposed configuration, the elements being interconnected at
respective ends to form a loop of conductive material around the core, the other
ends of the elements éonstituting a feed connection, whereby the antenna
constitutes a dielectri,_cally foreéhortened antenna with a radiation pattern having
a null dii'ected transve'réely to the axis for mounting on a handset body with the

- 30 nuil onented S0 as to be directed towards the user’s head thereby to reduce

REPLACEMENT SEEET ~ radiation into the head.
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el enenf—per—t—i-én&a@e ot her of the spaced-apart positions to the feed
An antenna according to claim8, including an axi al

€on ' 9. _
f,_eegmfm ’ l "SI ng t hrough the core and connected to the
8 : - Lhe

ant ennae distal end of. the core. 20 10. -An-antenna |« -
according to claim9, wherein the |link conpuctor is annular and
connected proximally to the antenna el enents. 11. An ant enna

according to gbai mAlEadioviedsphione hitRistt dhtent A646REIAE t6 ORRA 2SeMcRida a balanced
cylindrical conductive sleeve on a proximal part of the outer surface of -

the core, feed ay the fepdeasinactidne proxi mal end of the sleeve is
connected to an outer screen part of the feeder structure.
12. An antenna according to any preceding claim wherein the antenna

elements form30  AmndidelefRhe iR Pafedit aboodding to'8aiRPTS 6X1sim 56 ikeltPhe

portions which extend betw
5 loop has an electrical length of 360° at an operating frequency of the antenna.

28.  An antenna for operation at frequencies in excess of 200 MHz, comprising an
eléctrically insulative core having a central axis and being formed of a solid
material having a relative dielectric constant greater than 5, and an antenna

- 10 element structure disposed on or adjacent the outer surface of the core, the
material of the core occupying the major part of the volume defined by the core
outer surface, wherein the antenna element structure comprises a loop extending
around the core and terminated at a feed connection, the antenna having a
radiation pattern which is omnidirectional with the exception of a null centred on

15 a null axis passing through the core transversely with respect to the central axis.

29.  An antenna according to claim 28, wherein the antenna radiation pattern is

generally toroidal.

20 30.  Anantennaaccording to claim 28, wherein the antenna element structure is a loop
which has an electrical length of 360° at the operating frequency.

31.  An antenna according to claim 28, wherein the antenna element structure is a
twisted loop comprising a pair of half-turn coextensive helical elements arranged
25 ~ in an opposing configuration, the ends of the elen_ients lying in a common plane

containing the central axis.

32. A handheld radio communication unit having a radio transceiver, an integral

earphone for directing sound energy from an inner face of the unit which, in use,

30 is placed against'the user’s ear, and an antenna coupled to the transceiver and
E‘E??‘*CEMENT SHEER ocated in f_hé region of the earphone, wherein the antenna comprises:
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each nf the si de portions, the ends NiESbElHI‘l ons

the corners noti onal rect @m ~of=t"he
port ﬂl ﬂl e feed connecti on. 13. An an aqcqdrding
to clﬂ I 'ﬂ“ I rbetween their ends, the sidelp rpl‘bMéﬁ %38 - ,

ext end on opp05|te S|des of the plane of tlfe rectapgle
antenna according to claim 13, wherein each increngnt of each si de

has a correspondi ng conpheleeticallyinsulativeoon having &

pairs of conplenentary i ncrements being equally and opp03|tely
spaced froma cent than 310 axi s of the rectangle.

antenna according to cl 1 .oo
around the core and ar e%%‘%m&%%ﬁ&@%%ﬁi@%&fg 'c“"a‘%i ngs?i (gsed

connect i on co-exteaﬂdely fin &n 6pPR5IAP cOEMRAFAtion onltR aReehtSRNORE biePsurPiet Ch
regions are associated wit
5 and connected together to form a loop, the antenna element structure thereby
having a radiation pattern which has a null in a direction transverse to the antenna
elements,
' and wherein the antenna is so mounted in the unit that the null is directed
generally perpendicularly to the said inner face of the unit to reduce the level of

10 | radiation from the unit in the direction of the user’s head.

33.  Aunitaccording to claim 32, wherein the antenna core is in the form of a cylinder
the central axis of which is substantially parallel to said inner face in the region of
the earphone, and wherein the antenna elements extend between a pair of axially

- 15 spaced-apart positions on the rod, with the antenna element ends at each such
position being diainetﬁcally opposiié each other and lying in a plane vs}hich
contains the central axis and which is generally parallel to th'e.inne'r face of the unit
in the region of the earphone, the antenna element structure further including a
link c'onduétor linking the antenna element ends at one of the spaced-apart

20 positions;

34. A unit according to claim 33, wherein |
the antenna elements are helical, each executing a half turn about the
~ central axis, . | |
25 the link conductor is formed by a conductive sleeve encircling the cylinder
to form an isolating trap; and '
. the antenna elemenfs at the other of the spaced-apart positions are coupled

to an axial feeder structure passing through the core.

30 35. A methodof manufacttiring an antenna as claimed in claim 1, comprising forming |

the antenna core from the dielectric material, metallising the external surfaces of"

This Sheet Has Been Replac ~c9 a\.\J':
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eentrat—axis of -the antenna, the resultant currents in the |oop

trav pl ane containing the central axis.
Mmﬂlm lIHI’dI ng to claim15, wherein the elements are confii gured

the resultant currents in the respective regions,-

travel in the sane and parallel 20 ldirections in the common planef _
17. - An antenna according to claim 15, wherein the elenents are configured
such that the cofeiechRing toPdpatferi WaidhSokrfis ttesai @ sIRAGAtE CRnieal Sd%n
travel in parallel but opposite directions in the common pl ane.
25 18. An dntezeosaectiondietiverg themany of claims 15 to 17, -wherein the
antenna el enents I nclude, in the region opposite the feed
connection, conductors which extend on opposite sides of said

pl ane bet weerygdoi NA $neitidl seborafh g‘ th cfaﬁﬁ‘ 39' Whéef e htAi®8oR Step includes coating
opposite sides of the central axis.
the external surfaces of the core with a metallic material and removmg portions

of the coating to leave the predetermined pattern.

-37. A method according to claim 35, wherein the metallisation step includes forming

a mask containing a negative of the said predetermined pattern and depositihg a

10 metallic material on the external surfaces of the core while using the mask to mask
portlons of the core so that the metallic material is applied according to the

predetennmed pattern.
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419.+ An antenna accordi ng to any preceding claim having a radiation

attern with a

” uulﬂﬂnlllum”m' o tel ephone handset antenng?
preced An ant enna accqygli ng tjo

relativé dfel'ectri & cdnstant of the
22.
dielectric constant of the 10
23. An antenna according to any of clainms 20 to 32,

aXIS

t han 10.

operating

10

15

20

25

30

1.

o,

T t~hre ‘cem,r:al
FLACEMENT SFERTY, « -

null in a direction trans

corg ratg re¢ager
An ant ennasaccor di ngmg m{3 wliﬂgerel rﬁ?ﬂ relative
core | ifs glcatcu +hah—20
configured to
frequency in the region of 800 MHz to 90U NHZ:
An antenna for operation at frequencies in excess of 200 MHz, comprising an

nave an

electrically insulative core of a solid material having a relative dielectric constant
greater than 5, and an antenna element structure disposed on or adjacent the outer
surface of the core, the material of the core occupying the major part of the volume
defined by the core outer surface, wherein the antenna element structure comprises
a single pair of elongate antenna elements which are disposed in an opp&sing
configuration on or adjacent the core outer surface and which are substantially co-
extensive, with each element extending between positions spaced apart in the

direction of a central axis of the antenna, the antenna elements being

" interconnected at respective ends so as to form together a path of conductive

material around the core, the other ends of the antenna elements constituting a feed

connection.

An antenna according to claim 1, whereih the core defines the central axiS,
wherein the antenna elements are substantiaﬁy co-extensive in the axial direction
with each element extending between axially spaced-apart positions on or adjacent
the outer surface of the core such that at each of the spaced-apart positions the
respective spaced-apart portions of the antenna elements lie substantially in a
single plane containing the central axis of the core, and wherein the antenna
element structure further comprises a link conductor linking the said antenna

element portions at one of the spaced—apért positions to form a loop, the antenna

element portions at the other of the spaced-apart positions being coupled to the

. feed connection.

An antenna according to claim 2, wherein the core is cylindrical, the axis of the
cylinder constituting the central axis of the core, and wherein the respective
spaced-apart portions of the antenna elements are substantially diametrically

opposed.

B Claim(s)  : paged 10.to paged 8.
0 Drawing(s) : paged.... to paged.....
B Abstract  : paged....to paged..
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15 2% ATantenma—aceor di ng to ény of claims 20 to 22, configured to have

an op frequency in the region of 1800 to 2000 MHz. .- ..
TMIH’“M"HM}, mle handset antenna conprising a substantially . ..2

I i ndri ce electrically insulative core which is forned ‘of &' ..t
sol id material having a relative 20 dilel ectric const ant greater than
5 and which defines a central antenna axis, and an ant enna

el ement structdke didpaaiernassesaingdo claim s, WM@‘WW?@QMH@@

et 1 ned by the cor ¢ and e Belical Sk B8 PR o R 86 B e s

structure conprise %@Et Riopa r of axially co-extensive and
coaxial half-turn hel'ical elements disposed in a 25 dianmetrically
opposed configuration, the elenents belng I nt erconnected at

respectiveeds_tof rma | oo con rial arqund the core, the
ot hor 5 o R oingIn LS, Yoo ik ptenil SHPSuE s sRrUR! to e

wher eby the ant enna central axis of the titutes a diel ect rically foreshortened
antenna with a radiation pattern having a null directed
transversely to the axis for nounting on a handset body with the 30
null oriented so as to be directed towards e user. d thereb to
reduce 6. rABPRERRARCHdRY ﬁénﬁE’éﬁﬁeémg includin ing an infogral arranged
' to promote a substantially balanced condition at the feed connection.
> 10 .
7. An antenna according to any preceding claim, including a feeder structure passing
through the core and connected to said other ends of the antenna elements.
8. An antenna according to any of claims 3 to 5, wherein the antenna elements
15 include radial portions lying on a single diameter and coupling said antenna '
element portions at the other of the spaced-apart positions to the feed connection.
9. An antenna according to claim 8, including an axial feeder structure passing
through the core and connected to the antenna elements at a distal end of the core.
20 |
10. ~ An antenna according to claim 9, wherein the link conductor is annular and
connected proximally to the antenna elements.
11.  An antenna according to claim 10, wherein the link conductor comprises a
25 cylindrical conductive sleeve on a proximal part of the outer surface of the core,
| and wherein the proximal end of the sleeve is connected to an outer screen part of
the feeder structure.
12.  Anantenna according to any preceding claim, wherein the antenna elements form
30 a loop having a pair of side portions; and cross portions which extend between
REPLACEMENT SHEET|
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14 - 26- A_radiotel ephone handset antenna according to claim

25, in ' bal anced feed at the feed connecti on.

27. mﬂﬂﬂmm,mglﬂ(mf handset antenna according to claim25 or claim?26, .
wher ei . i ‘ | oop has an electrical length of 360[err] at--an.’
operating frequency of the antenna. 12 28. An antenna for
operation at frequencies in excess of 200 MHz, caonprisjng an

el ectrical Iy i nsul atgach of Biesidaportigns the-ends of thecside powgiop defining thexorass of a
lid . mat.erial, havi | atj.ve. dielectri t ant
S?e;t er than 5, and rgﬁxogﬁtrgéthxigle,o €' off orofs &&1&% cé’k’%ﬁ%‘é‘#%@%ﬁ?‘i“’%?‘é%sed

on or adjacent the outer surface of the core, the mat eri al
of the core occupying the major part of the volume defined by the core
outer surface, Mher ehmautemnasaccerding teickina i, wherein between theii ends, the sideportions

ext endi ng around .t he re._and.term nated at a feed
connection, fhe ant HERPRARPgSLLE si esofctﬁeplaneofhxerﬁecém $i on pattern which

is omidirectional with the exception of a null centred on

14.  Anantenna according to claim 13, wherein each increment of each side portion

has a corresponding complemeﬁtary increment in the other side portion, such pairs

. of complementary increments being equally and oppositely spaced from a central
10 axis of the rectangle.

15. - An antenna according to claim 1, wherein the antenna elements form a loop
around the core and are configured such that in the region' of the feed connection

and in a region opposite the feed connection, which regions are associated with a

15 central axis of the antenna, the resultant currents in the loop travel in a common

plane containing the central axis.

16.  An antenna according to claim 15, wherein the elements are configured such that

the resultant currents in the respective regions travel in the same and parallel
20 directions in the common plane.

17.  Anantenna according to claim 15, wherein the elements are configured such that
the resultant currents in the respective regions travel in parallel but opposite
directions in the common plane.

25 .
18. An antenna according to any of claims 15 to 17, wherein the antenna elements
- inciude, in the region opposite the feed connection, conductors which extend on
oﬁposit_e sides of said plane between points contained in the plane and located on
opposite sides of the central axis.
30
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si ng through the core transversely with respect to

.15 .
the c lm “ Gﬂgmﬂi An antenna according to clai m 28,
vvherel i ation pattern i's general ly

t or oi daf . 20 30. An ant enna accor ng to claim28, wherein the.
ant enna eI enment structure is a | oop whi ch has an

electrical length of 360[err] at the operati
An ant enna accohli ngAP@n jeng Apopading e @ﬁ@g&ﬁ{@ﬂﬁ@@%mmmmmmmg

a B 5‘%9%"'% f hal f-turn coextensive
hel i.cal el enents arrangeci’e‘ﬂré ol Q% an oppogs)l ng configuration, the
ends of the elenents lying in a connDn pl ane cont ai ni ng

the central axis.

A handhel d radi o comruni cati on unit

having a radio 20. anséé’ﬂdl@rtele@hmem%ﬂmema according to any Pm@dm@Nmf or
directing soynd energy from an |nner face of the unit which, in use,
30 I s placed against the user's ear, and an antenna coupled to the

transceiver andi,ocangdntehia ddeBrdifgic¢lamd 20 NhGanIRORMtVEIRIGHHC bhBLRR bERRA

conpri ses:

22,
10

23.

15 24.

25.

20

core material is greater than 10.

An antenna according to claim 31, wherein the relative dielectric constant of the
core material is greater than 20.

An antenna according to any of claims 20 to 22, configured to have an operating
frequency in the region of 800 MHz to 900 MHz. '

An antenna according to any of claims 20 to 22, configured to have an operating
frequency in the region of 1800 to 2000 MHz.

A radio telephone handset antenna comprising a substantially cylindrical
electrically insulative core which is formed of a solid material having a relative

dielectric constant greater than 5 and which defines a central antenna axis, and an

- antenna element structure disposed on or adjacent the outer surface of the core, the

25

30

D amamna 2T PR

REPLACEMENT SHEET|

05 APR 1999

material of the core occupying the major part of the volume defined by the core
outer surface, wherein the antenna element structure comprise a single pair of

axially co-extensive and coaxial half-turn helical elements disposed in a

diametrically opposed configuration, the elements being interconnected at

respective ends to form a loop of conductive material around the core, the other
ends of the elements. constituting a feed connection, whereby the antenna
constitutes a dielectrically foreshortened antenna with a radiation pattern having
a null directed transversely to the axis for mounting on a handset body with the
null oriented so as to be directed towards the user’s head thereby to reduce

radiation into the head.

A\ENDED SHEE!



.15 an electrically i-nsul ative core having a

rel a onst ant greater t han 5,

an a ; E'ﬂﬂ'ﬂm uilructure i ncluding a pair of antenna el enents di sposed .
co- ex* opp03| ng configuration on or adjacent the core.outegs
surface and connect edl4ogether to forma |oop, the
ant enna el enent structure t her eby havi ng a

radi ati on patt26n wa cadidtelephone handsat antetinaseconding toalaine2 $ dneludinp a bakineah a
el enent s, and wherein the antenna is so

mounted in the unit feesat thefeed gppnertiony; rect ed
generally perpendicularly to the said inner face of the unit to reduce the
| evel of 10 radiation fromthe unit in the direction of

the user's head?7. A radio telephone hands¥8antenrh acooridingto elailin/2F dr ¢lairh 26/ Whdtein the
wherein the antenna core is in the formof a cylinder

the central &xis of lopp bas anelegt éﬁmii%ﬁopammmm fequency,pkthe patenna.n
t he regi on of

28.  An antenna for operation at frequencies in excess of 200 MHz, comprising an
electrically insulative core having a central axis and being formed of é solid
material having a relative dielectric constant greater than 5, and an antenna

10 element structure disposed on or adjacent the outer surface of the core, the
material of the core occupying the major part of the volume defined by the core
outer surface, wherein the antenna element structure comprises a loop extending
ardund the core and terminated at a feed connection, .the antenna having a
radiation pattern which is omnidirectional with the exception of a null centred on

15 a null axis passing through the core transversely with respect to the central axis.

29. An antenna according to claim 28, wherein the antenna radiation pattemn is

generally toroidal.

20 30.  Anantenna according to claim 28, wherein the antenna element structure isa loop
which has an electrical length of 360° at the operating frequency.

31. An antenna according to claim 28, wherein the antenna element structure is a
twisted loop comprising a pair of half-turn coextensive helical elements arranged
25 in an opposing configuration, the ends of the elements lying in a common plane

containing the central axis.

32. A handheld radio communication unit having a radio transceiver, an integral
earphone for directing sound energy from an inner face of the unit which, in use,
30 is placed against the user’s ear, and an antenna coupled to the transceiver and

ated in the region of the earphone, wherein the antenna comprises:

3N :\T_NDED S\icg




t he "ear phone, and Whereim the antenna el enents extend between a pair of

MR 25252 P2 127 e s

di anetricall y-opposite each other and |ying li n a plane which . ce e
contains the central axis and which is generélly parallel to the inner face

of the unit . ..in the region of the earphone, the
antenna el ement structur eawma“m%ﬁ%}%ﬁgr%hgmngarelauve dielectric constant greatek
conductor |inking th@lagggenna el enent ends at one of the spaced-apart

20 posi tions. 34. A unit according to claim 33,
wher ei n an antenna element sttuetréitichidivy £preiantenas élexlﬂéﬁt% &ﬁéosed
each executing a half turn_about the . . central axis,
25 . t SrecytenskveloinARPBeSing carnfigyemtion pn.or edjadentithe eore butey surface

onci 1118 B o9l conere gt o e R ki il BB

spaced-apart positi ORvi @raﬁﬁﬁﬁhﬁﬁktemwhichhasanullinadirecﬁontra}%e?ﬁ '
feeder structure passi nlggthr ough the core. 30 35. t@ﬁe?fdeh{iﬁloudl
of menufacturing an ¢lemensa as claimed in claim1, conprising forming the

antenna core fromthe dielegtyic. terial,., metallising the external
dwhérsin The 3 tha

surfaces of an antenna is 50 mounted in the unit that the null is directed
generally perpendicularly to the said inner face of the unit to reduce the level of
10 radiation from the unit in the direction of the user’s head.

33. A unitaccording to claim 32, wherein the antenna core is in the form of a cylinder-
the central axis of which is substantially parallel to said inﬁer face in the region of
the earphone, and wherein the antenna elements extend between a pair of axially

15 spaced-apart positions on the rod, with the antenna element ends at each such
position being diametrically opposite each other and lying in a plane which
contains the central axis and which is generally parallel to the inner face of the unit
in the region of the earphone, the antenna element structure further including a
link conductor linking the antenna element ends at one of the spaced-apart

20 positions.

34. A unit according to claim 33, wherein
the antenna elements are helical, each executing a half turn about the
central axis,
25 : the link conductor is formed by a conductive sleeve encircling the cylinder
to form an isolating trap, and |
| the antenna elements at the other of the spaced-apart positions are coupled
to an axial feeder structure passing through the core.

30 35. A method of manufacturing an antenna as claimed in claim 1, comprising forming

REPLACEMENT SHEETﬁe antenna core from the dielectric material, metallising the external surfaces of
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t he: core—accordi ng To a pattern which fornms the said el ongate el ements and

an : tion between them 36. A net hod according
to cl ai n“““l)““{ﬁlﬂ“ﬂﬂ[lﬂ netal lisation step includes coating 5 - the
| A <.

external sur¢aaesmort sthe core with a netallic material and renoving - w a,
portions .of the coating to | eave 16ne predet erm ned pattern.
37. A nethod according to claim35, wherein the netallisation step

includes forming  the core according i a petierai whisky formsdthe seidelongateelementsiand an
predet erm ned patter.n, and depositin 10 nmetallic material on the
external surfaces of BISFEPDREY %M@F% the mask to nask

portions of the core so that the netallic material is applied according to

t he predet erm ned pattern. .
36. A method according to claim 35, wherein the metallisation step includes coating

5 the external surfaces of the core with a metallic material and removing portions

of the coating to leave the predetermined pattern.

'37. A method according to claim 35, wherein the metallisation step.includes forming

a mask containing a negative of the said predetermined pattern and depositing a

10 metallic material on the external surfaces of the core while using the mask to mask

portions of the core so that the metallic material is applied according to the
predetermined pattern.
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17 . —38.7 An antenna’accor di ng to claim-31, wherein the feed

connecti i \Emﬂ;n ai d central axis, and wherein the
tw st ed Iogm air of helical conductors

opposi tel y=and symtet Fi cal | y di sposed about 7sa| d central axis and

coextensie in “the direction of the said central aX|s a pair
of radial cond A CON L0 . f il ... Rhe %Lec 8{;9&1[(:
feed connecti o& Rt ' ST e on gai

hel i cal
according to claim 3§ um‘-s

e comected (02 " Gipagiigs nq?Eﬁes?mdigfh&L@g' E&%@%ond&ﬂofj?fm” :

of a rectangl e cont efitdl Gofidiictors to the feed connecudimidrsﬂlinl&ifg Sonductor spaced in the

dlrec(;mn of said central axis from the radial conductors and linking the helical
conductors together.

39,  An antenna according to claim 38 wherein each of said _pair of helical conductors

10 - _is connected to a respective one of said radial conductors and to said linking

conductor at respective diagonally opposite corners of a rectangle containing said

40. An antenna according to claim 32, wherein the core is generally cylindrical and

15 said pair of antenna elements is disposed on or adjacent the outer cylindrical

surface of the core, and wherein the core defines a central axis and said null is

directed transversely of said axis.

41, A handheld radio communication unit having a radio transceiver, an integral

20 earphone for directing sound energy from an inner face of the unit which, in use,

is placed adjacent the user’s head, and an antenna coupled to the transceiver,
wherein the antenna comprises:

an electrically insulative core having a relative dielectric constant greater
than 5,

25 an antenna element structure including a pair of antenna elements disposed

tensively in an opposing configuration on or adiacent the core outer surface

.and connected together to form a loop, the antenna element structure thereby

aving a radiation pattern which has a null in a di

elements,
30 and wherein the antenna is so mounted in the unit that the null is directed

generally perpendicularly to the said inner face of the unit to reduce the level of

REPLACEMENT SHEET|
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. 40. An antenna according to claim32, wherein the core is generally

.cylindri cﬁmm;,ﬂ Im said pair of antenna elenents is disposed on or
..-adj acent I llumli"rl"lical surface of the core, and
wherei n the coré défimes*a central axis anggsaid null is

directed transversely of said axis. 41. A handhel d radio

communi cati on uni t aaviiegfdm B uflic i HRWRLAGH of BdudePs ROAR! 20
ear phone, for d|recrrﬁg‘3UUnU‘EnETgy’frvnran‘rnnﬁr‘face-of the unit which,

in use,

coupled to the ran ceil
an el ectri cal <Y

~ greater

structure includin

co-extensdvely in
surface
el enent structure

is placed adjacent -the user's head, and an antenna
. . .EYEIH Rhe anpe_ a_Ccop -rli;s.

a %yhnd&ﬂﬁé‘cémalzéus of whlch is substanuallz garaﬂ@l tﬁ@ﬁiﬁriﬂi’er%&%ﬁt

asaidprinefi the aptenia ¢jements (srdxspmsat omaf sijaeant théreutencydindricalr
connec to forma LooP

MQP core, an wﬂerem gg ;$ eC!

has a null in a dlrectlon transverse to the antenna

el enents, 30
the unit that the

and wherein the antenna is so nounted in
null is directed general |y’

perpendicularly to the said inner face of the unit to reduce the |evel of




7 o L : : FRO3Gaa-L
18 - radiation fromthe unit in the direction of the user,ggg "Z-PH‘*’
head. - 42. A unit according to claim4l, wherein the antenna C%E% | AnnEres .
general4y in the form of a cyclinder the central axis gf W S shee
substantially parallel to said inner face and 5 sai d pZRApy t he
antenna el enments s disposed on or adjacent the lindri O —
surface of the coPC%énd wher S{ORMTHE iond %%og‘g%fg{(?“wansverse of the
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(54) Title: ANTENNA FOR FREQUENCIES IN EXCESS OF 200 MHz -
(57) Abstract '

A miniature antenna (10) for operation at frequencies in excess
of 200 MHz has a ceramic core (12) in the form of a cylindrical
rod having a relative dielectric constant greater than 5. Plated on the
outer surfaces of the core is an antenna element structure comprising
a single pair of oppositely disposed helical elements (10A, 10B)
having a8 common central axis coincident with the central axis of
the core. At a distal end of the antenna, they are connected to a
coaxial feeder structure passing axially through the core, and at their
proximal ends they are connected to the rim of a cylindrical trap
conductor (20) which, at the proximal end of the core is coupled
to the screen of the feeder structure. At the operating frequency,
the antenna behaves as a loop, the radiation response baving nulls
directed generally perpendicularly on each side of a plane containing
the central axis of the core and the connections of the helical elements
with the feeder structure and with the conductive sleeve. The antenna
is intended primarily for a handheld communication unit such as a
cellular or cordless telephone handset, the present of the nulls in the
radiation pattesn reducing radiation into the user’s head.
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