AT N 00 0O

WO 00/74173 Al

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Inteliectual Property Organization
International Bureau

(43) International Publication Date
7 December 2000 (07.12.2000)

PCT

A A R 0O

(10) International Publication Number

WO 00/74173 Al

(51) International Patent Classification’: HO01Q 1/38, 5/01

(21) International Application Number: PCT/GB00/01983
(22) International Filing Date: 24 May 2000 (24.05.2000)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:

9912441.4 27 May 1999 (27.05.1999) GB

(63) Related by continuation (CON) or continuation-in-part
(CIP) to earlier application:
Us
Filed on

09/372,865 (CIP)
12 August 1999 (12.08.1999)

(71) Applicant (for all designated States except US): SYM-
METRICOM, INC. [US/US]; 2300 Orchard Parkway,
San Jose, CA 95131 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): LEISTEN, Oliver,
Paul [GB/GB]; 355 Welford Road, Kingsthorpe NN2 8PT
(GB). DOWSETT, Mark, Roy [GB/GB]; 23 Frobisher
Road, Coventry CV3 6LW (GB).

(74) Agents: BLATCHFORD, William, Michael et al.; With-

ers & Rogers, Goldings House, 2 Hays Lane, London SE1

2HW (GB).

(81) Designated States (national): AE, AL, AM, AT, AU, AZ,

BA, BB, BG, BR, BY, CA, CH, CN, CR, CU, CZ, DE, DK,

DM, EE, ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL,

IN, IS, JP, KE, KG, KP, KR, KZ,LC,LK,LR,LS,IT, LU,

LV, MA, MD, MG, MK, MN, MW, MX, NO, NZ, PL, PT,

[Continued on next page]

(54) Title: LOOP ANTENNA WITH AT LEAST TWO RESONANT FREQUENCIES

10BR 16 18 17

E 12D /10CR

10AR |

(57) Abstract: A dielectrically-loaded
antenna for operation at frequencies in
excess of 200 MHz includes an antenna
element structure disposed on a high
dielectric constant core, which element
structure comprises a pair of laterally
opposed groups of helical antenna
elements. Each group comprises first
and second mutually adjacent elements,
of different widths providing looped
conductive paths on the antenna, formed
by the first elements of each group
and the second elements of each group
respectively, which resonate at differing
respective resonant frequencies to yield
a relatively wide operating bandwidth.
The helical elements of each group
define, between them, part of an elongate
channel which has an overall electrical
length in the region of nA/2 within the
operating frequency band to provide
isolation between the looped conductive
paths. The major part of each such
channel is located between the elements

10DR

/‘*10CD

~——20

so as to minimise intrusion into other
conducting parts of the antenna.



woO 00/74173 A1 NN OO0 800 O

RO,RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT, TZ, UA,  Published:

UG, US, UZ, VN, YU, ZA, ZW. —  With international search report.
—  Before the expiration of the time limit for amending the
(84) Designated States (regional): ARIPO patent (GH, GM, claims and to be republished in the event of receipt of
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian amendments.

patent (AM, AZ,BY, KG, KZ, MD, RU, TJ, TM), European

patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR,IE,  For two-letter codes and other abbreviations, refer to the "Guid-
IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, ance Notes on Codes and Abbreviations” appearing at the begin-
CL CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). ning of each regular issue of the PCT Gazette.



10

15

20

25

30

WO 00/74173 PCT/GB00/01983

LOOP ANTENNA WITH AT LEAST TWO RESONANT FREQUENCIES

This invention relates to a dielectrically-loaded antenna for operation at frequencies in
excess of 200 MHz, and in particular to an antenna having at least two resonant

frequencies within a band of operation.

Such an antenna is disclosed in United Kingdom Patent Application No. GB2321785A.
This known antenna has a pair of laterally opposed elongate antenna elements which
extend between longitudinally spaced-apart positions on a solid dielectric core, the
antenna elements being connected at respective first ends to a feed connection and at
second ends to a balun sleeve. The antenna elements and sleeve are arranged so as to
form at least two conductive paths extending around the core, wherein one of the two
paths has an electrical length which is greater than that of the other path at an operating
frequency of the antenna. This is achieved using forked antenna elements, wherein
each element having a divided portion extending from a position between the top of the
dielectric core and the rim of the balun sleeve, the divided portion of at least one of the
anterna elements having branches of different electrical lengths. The balun sleeve 1s
split in the sense that longitudinally extending slits are formed as breaks in the
conductive material of the sleeve so as to provide isolation between the two sleeve
parts, thus defining the two conducting paths. The balun slits are arranged to have an
electrical length of about a quarter wavelength (A/4) in the operating frequency band,
the zero impedance point provided by the rim of the sleeve being transformed to a high
impedance point between the divided elements, thereby isolating the sleeve parts from
one another. As a result of the conductive paths having different electrical lengths, each
conductive path resonates at a different frequency and so provides an antenna having a

relatively wide bandwidth.

One problem associated with the above antenna is that it is difficult to incorporate slits
of sufficient length within the sleeve to provide the quarter wavelength, especially 1f the
sleeve is short. The L-shaped slits disclosed in GB2321785A can be difficult to

manufacture and restrict the flow of currents in the sleeve.
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According to a first aspect of the invention, there is provided a dielectrically-loaded
antenna for operation at frequencies in excess of 200 MHz, comprising an electrically
insulative core of a solid material having a relative dielectric constant greater than 5, a
feed connection, 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
pair of laterally opposed groups of elongate elements, each group comprising first and
second mutually adjacent elongate elements which have different electrical lengths at a
frequency within an operating frequency band of the antenna and are coupled together
at respective first ends in the region of the feed connection and at respective second
ends by a linking conductor extending around the core, the elongate elements of each
group thereby defining at least part of an elongate channel which has an electrical
length of nA/2 within the said band, and the major part of which is located between the
elements and wherein the first elements of the two groups form part of a first looped
conductive path, and the second elements of the two groups form part of a second
looped conductive path, such that the said paths have difference respective resonant
frequencies within the said band and each extend from the feed connection to the

linking conductor, and then back to the feed connection.

Other aspects of the invention, as well as preferred features, are set out in the

accompanying claims.

The n)\/2 channel, or slit, makes it possible to provide isolation between conductive
loops formed by the antenna elements and linking conductors. Since the major part of
this channel is located between the antenna elements, intrusion into other parts of the

antenna is reduced. Preferably, the entire channel is located between the antenna

elements.

By arranging for the elongate elements and linking conductors to form at least two
looped conductive paths with the electrical length of one of the two paths greater than
that of the other path at an operating frequency of the antenna, a frequency response

with at least two resonant peaks is produced yielding an antenna with relatively wide
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bandwidth. Indeed, the resonant frequencies can be selected to coincide with the centre

frequencies of the transmit and receive bands of a mobile telephone system.

The linking conductor may be formed by a quarter wave balun on the outer surface of
the core adjacent the end opposite to the feed connection, this feed connection being
provided by a feeder structure extending longitudinally through the core. In one
preferred embodiment, the linking conductor is formed by an integral balun sleeve, or
trap, each of the conductive paths including the rim of the sleeve. Alternatively, each
linking conductor may be formed by a conductive strip extending around the core. The
advantage of a balun sleeve is that the antenna may operate in a balanced mode from a

single-ended feed coupled to the feeder structure.

In the preferred antenna there are two looped conductive paths extending around the
core, each looped path extending from the feed connection, through first or second
antenna elements (depending on the operating frequency) of a first group, to the linking
conductor, and returning through respective first or second elements of a second group
back to the feed connection. The difference in electrical length between the antenna
elements in each group, and so between the two looped conductive paths, may be
achieved by forming one of the elements in each group of a different width to the other
element or elements in the group. In effect, the elements act as waveguides, the wider
eclement propagating signals at a lower velocity than the narrower elements.
Alternatively, one of the elements in each group may have a different physical length

from the other element or elements in that group.

In the preferred embodiment, the antenna core is generally cylindrical and the feed
connection is located on an end-face of the core, each of the elongate elements in each
group being coupled together on the end face. The core defines a central axis and the
antenna clements are substantially coextensive in the axial direction, 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. In this case, each group of elongate elements comprises first and second
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antenna elements, the looped conductive paths extending from the feed connection,
through first and second antenna elements of a first group of elements to the linking
conductor, in the form of the balun sleeve, and returning through the respective first or
second antenna elements of a second group of elements to the feed connection. The
antenna elements are helical, executing a half-turn around the core. Such a structure

yields an antenna radiation pattern having laterally directed nulls perpendicular to the

single plane.

The antenna of the preferred embodiment actually has four modes of resonance. This 1s
due to the provision of the balun sleeve, which provides for both single-ended and
balanced modes of resonance involving current paths around the balun rim and through
the balun respectively. The use of coupled modes in this way is disclosed in our
co-pending British Patent Application No. 9813002.4, the contents of which are
incorporated herein by reference. Accordingly, two modes of resonance are associated
with each of the two elements in each group, i.e. one single-ended mode and one
balanced mode, the resulting frequency response having four resonant peaks, thereby
providing even greater bandwidth. The modes of resonance may typically generate a
response within the 3dB limits over a fractional bandwidth of at least 5%, preferably
8%, with a value up to about 11% being attained by the antenna of the preferred
embodiment described below. Such a response makes the antenna particularly suited to
mobile telephone use, e.g. in the 1710 MHz to 1880 MHz DCS-1800 band or the
combined PCS-DCS 1900 band.

The invention includes an antenna for operation at frequencies in excess of 200 MHz,
comprising an electrically insulative core of a solid material having a relative dielectric
constant greater than 5, a feed connection, and an antenna element structure disposed on
or adjacent the outer surface of the core comprising first and second pairs of antenna
elements, the elements of each pair being disposed substantially diametrically opposite
one another, the material of the core occupying the major part of the volume defined by
the core outer surface, wherein the elements of the second pair are formed having a
greater width than that of the first pair of elements. Such an antenna is particularly

suited for receiving circularly polarised signals, such as those transmitted by satellites
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of the Global Positioning System at about 1575MHz. Such antennas are usually
arranged to have two pairs of elements, one of the pairs having elements which are
longer than the other pair. The differing lengths produce the phase shift conditions for
receiving circularly polarised signals. Since the second pair of antenna elements
referred to above in connection with the present invention are formed wider than the
first pair, the elements have a longer electrical length than those of the first pair (even
though they may have the same physical length). Unlike previous GPS-type receiving
antennas, in which the physical lengths of the elements are different, the antenna
disclosed herein can be produced using elements of substantially the same physical

Jength avoiding complex shaping of the elements or coupling conductors.

The invention will be now be described, by way of example, with reference to the

drawings, in which :

Figure 1 is a perspective view of an antenna in accordance with the invention;

Figure 2 is a graph showing the return loss response of the antenna of Figure 1;

Figure 3 is a diagram illustrating the radiation pattern of the antenna of Figure 1;

Figure 4 is a perspective view of a telephone handset incorporating the antenna of

Figure 1;

Figure 5 is a perspective view of a further antenna in accordance with the invention.

Referring to Figure 1, a preferred antenna in accordance with the invention has an
antenna element structure comprising a single pair of laterally opposed antenna groups
10AB, 10CD. Each group comprises two mutually adjacent and generally parallel
elongate antenna elements 10A, 10B, 10C, 10D which are deposited on the outer
cylindrical surface of an antenna core 12. The core 12 has an axial passage 14 with an
inner metallic lining, the passage 14 housing an axial inner feeder conductor 16

surrounded by a dielectric insulating sheath 17. The inner conductor 16 and the lining
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together form a feeder structure 18 for coupling a feed line to the antenna elements
10A-10D at a feed position on the distal end face 12D of the core 12. The antenna
element structure includes corresponding radial elements 10AR, 10BR, 10CR, 10DR
formed as metallic conductors on the distal end face 12D connecting first ends of the

elements 10A-10D to the feeder structure.

In this embodiment, the longitudinally extending elements 10A-10D and the
corresponding radial elements are of approximately the same physical length, each
clement 10A-10D being in the form of a helix executing a half turn around the axis of
the core 12. Each group of antenna elements comprises first elements 10A, 10C and
second elements 10B, 10D. The first elements 10A, 10C of both groups are arranged to
have a different electrical length to the second elements 10B, 10D of each group, due to
the first elements having a width which is greater than the width of the second
elements. It will be appreciated that the wider elements will propagate signals at a

velocity which is lower than is the case for the narrower elements.

To form complete conductive loops, each antenna element (10A - 10D) is connected to
the rim 20U of a common virtual ground conductor in the form of a conductive sleeve
20 surrounding a proximal end portion of the core 12 as a link conductor for the
elongate elements 10A - 10D. The sleeve 20 is in turn connected to the lining of the
axial passage 14 by plating on the proximal end face 12D of the core 12. Thus,
conductive loops are formed by either of the first or second antenna elements of the first
group 10AB, the rim of the sleeve 20U, and the corresponding first or second antenna

element of the second group 10CD.

At any given transverse cross-section though the antenna, the first and second antenna
clements of the first group 10AB are substantially diametrically opposed to
corresponding first or second elements of the second group 10CD. It will be noted that
the ends of the antenna elements all lie substantially in a common plane containing the
axis of the core, and indicated by the axes X and Z of the co-ordinate system indicated

in Figure 1.



10

15

20

25

30

WO 00/74173 PCT/GB00/01983

7
The conductive sleeve 20 covers a proximal portion of the antenna core 12, surrounding
the feeder structure 18, the material of the core filling substantially the whole of the
space between the sleeve 20 and the metallic lining of the axial passage 14. The
combination of the sleeve 20 and plating forms a balun so that signals in the
transmission line formed by the feeder structure 18 are converted between an
unbalanced state at the proximal end of the antenna and a balanced state at an axial
position above the plane of the upper edge 20U of the sleeve 20. To achieve this effect,
the axial length of the sleeve 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 or
90° in the operating frequency band of the antenna. Since the core material of the
antenna has a foreshortening effect, and the annular space surrounding the inner
conductor is filled with an insulating dielectric material having a relatively small
dielectric constant, the feeder structure 18 distally of the sleeve has a short electrical
length. As a result, signals at the distal end of the feeder structure 18 are at least
approximately balanced. A further effect of the sleeve 20 is that for frequencies in the
region of the operating frequency of the antenna, the rim part 20U of the sleeve 20 is
effectively isolated from the ground represented by the outer conductor of the feeder
structure. This means that currents circulating between the antenna elements 10A -
10D are confined substantially to the rim part. The sleeve thus acts as an isolating trap

when the antenna is resonant in a balanced mode.

Since the first and second antenna elements of each group 10AB, 10CD are formed
having different electrical lengths at a given frequency, the conductive loops formed by
the elements also have different electrical lengths. As a result, the antenna resonates at
two different resonant frequencies, the actual frequency being dependent, in this case,
on the width of the elements. As Figure 1 shows, the generally parallel elements of
each group extend from the region of the feed connection on the distal end face of the
core to the rim 20U of the balun sleeve 20, thus defining an inter-element channel

11AB, 11CD, or slit, between the elements of each group.

The length of the channels are arranged to achieve substantial isolation of the

conductive paths from one another at their respective resonant frequencies. This is
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achieved by forming the channels with an electrical length of A/2, or nA/2 where n is an
odd integer. At the resonant frequency of one of the conductive loops, a standing wave
is set up over the entire length of the resonant loop, with equal values of voltage being
present at locations adjacent the ends of each A/2 channel, i.e. in the regions of the ends
of the antenna elements. When one of the loops is resonating, the antenna elements
which form part of the non-resonating loop are isolated from the adjacent resonating
elements, since equal voltages at either ends of the non-resonant elements result in zero
current flow. When the other conductive path is resonant, the other loop is likewise
isolated from the resonating loop. To summarise, at the resonant frequency of one of
the conductive paths, excitation occurs in that path simultaneously with isolation from
the other path. It follows that at least two quite distinct resonances can be achieved at
different frequencies due to the fact that each branch loads the conductive path of the
other only minimally when the other is at resonance. In effect, two or more mutually

isolated low impedance paths are formed around the core.

In the preferred embodiment, the channels 11AB, 11CD are located entirely between
the antenna elements 10A, 10B and 10C, 10D respectively. The channels may extend
by a relatively small distance into the sleeve 20, but the major part of the overall length
of each channel 11AB, 11CD is located between the antenna elements. Typically, for
each channel, the length of the channel part located between the elements would be no

less than 0.7L, where L is the total physical length of the channel.

As mentioned previously, due to the inclusion of the balun sleeve 20 as the link
conductor, the antenna is operable in a balanced mode in which currents flowing
between elements of each group are confined to the rim 20U of the sleeve 20.
Advantageously, the antenna also exhibits a single-ended mode of operation at different
frequencies, whereby currents flow from one antenna element of each group of
elements, longitudinally through the balun sleeve 20, and via the plated end face 10P to
the axial metallic inner lining of the feeder structure at the distal end of the antenna.
Thus, in addition to the two previously discussed modes of resonance, i.e. those which
are due to balanced mode resonance of the two conductive loops, two further

conduction paths are provided in single-ended mode of operation. Since the conductive
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paths associated with single-ended operation have different electrical lengths from the

looped paths in the balanced mode, four resonant peaks are present in the overall

frequency response, the antenna therefore exhibiting correspondingly wide bandwidth.

The antenna is preferably formed using a zirconium tin titanate dielectric material,
having a relative dielectric constant g; of 36. Referring to Figure 1, the core of the
preferred antenna has a diameter of 10 mm and an axial length of 12.1 mm. The helical
antenna elements 10A-10D each execute a half-turn around the core 12D and have a
pitch angle of about 26° from the upper rim of the sleeve. The balun sleeve itself has a
longitudinal length of 4.2 mm, measured from the proximal end face of the core. The
width of the first (wide) elements 10A, 10C of each group is 1.15 mm, whilst the width
of the second (narrow) elements is 0.75 mm. The spacing between the elements (i.e.
the width of the channel) is 1 mm, the element separation when measured from the
center of each element being 4.31 mm. At to the distal end face of the core, the
diameter of the feeder structure 14 is 2 mm, whilst the widths of the radial element
portions 10AR, 10CR and 10BR, 10DR corresponding to the respective first and

second elements of each group are 1.9 mm and 1.67 mm respectively.

Figure 2 illustrates the variation of the return loss of the above-described antenna with
frequency. As shown, the characteristic has four resonant peaks. Peak 25 occurs at
about 1.74 GHz and corresponds to the path formed by the first (wide) elements in the
single-ended mode, peak 26 occurs at 1.8 GHz and corresponds to the path formed by
the first elements in the balanced mode, peak 27 occurs at 1.86 GHz and corresponds to
the path formed by the second (narrower) elements in the single-ended mode, and peak
28 occurs at 1.88 GHz and corresponds to the path formed by the second elements in
the balanced mode. It will be appreciated that since the wider elements have a greater
value of self-capacitance, they produce peaks at lower frequencies than the narrower
clements. The width of the operating band B (measured from the -3dB points) is
approximately 195 MHz. The antenna is particularly suited to operation in the 1710
MHz to 1880 MHz DCS-1800 band or the combined PCS-DCS 1900 band, both bands
being used for cellular telephone applications. The antenna exhibits a usable fractional

bandwidth in the region of 0.11 (11%), the fractional bandwidth being defined as the
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ratio of the width of the operating band B to the center frequency f. of the band, the
return loss of the antenna within the band being at least 3dB less than the average return
loss outside the band. The return loss is defined as 20l0gio(Vr/Vi) where Vr and Vi are
the magnitudes of the reflected and incident r.f. voltages at a feed termination of the
feeder structure. The relatively wide fractional bandwidth allows the use of relatively

low tolerance manufacturing techniques.

The antenna element structure with half-turn helical elements lying generally in a single
plane performs in a manner similar to a simple planar loop, having a null in its radiation
pattern in a direction transverse to the axis 12A and perpendicular to the plane when
operated in a balanced mode. The radiation pattern is, therefore, approximately of a
figure-of-eight form in both vertical and horizontal planes, as shown by Figure 3.
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
3. The radiation pattern has two nulis or notches, one on each side of the antenna, and
each centered about the Y axis shown in Figure 1. If the antenna is used in a mobile
telephone handset, as is shown in Figure 4, the antenna is oriented such that one of the

nulls is directed towards a user’s head to reduce radiation in that direction.

The conductive balun sleeve 20 and the conductive layer on the proximal end face of
the core allow the antenna to be directly securely mounted on a printed circuit board or
other grounded structure. It is possible to mount the antenna either wholly within a

telephone handset unit, or partially projecting as shown in Figure 4.

As an alternative to forming nutually adjacent elements of each group 10AB, 10CD as
elements of different widths, the elements of each group may be made to have different
electrical lengths by forming them with different physical lengths, e.g. by meandering

one of them.

A second embodiment of the invention will now be described with reference to Figure
5. This antenna is suited to the reception of circularly polarised signals such as those

transmitted by satellites of the Global Positioning System (GPS). Such an antenna is
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disclosed in our prior British Patent Application No. GB2292638A, the entire

disclosure of which is incorporated in this application so as to form part of the subject
matter of this application as filed. The prior application discloses a quadrifilar antenna
having two pairs of diametrically opposed helical antenna elements, the elements of the
second pair following respective meandered paths which deviate on either side of a
mean helical line on an outer cylindrical surface of the core so that the elements of the
second pair are longer than those of the first pair which follow helical paths without
deviation. Such variation in the element lengths makes the antenna suitable for
transmission or reception of circularly polarised signals. A further quadrifilar antenna
is disclosed in our British Patent Application GB2310543A, in which the antenna
elements are connected to a plated sleeve on the end of the core. The sleeve is formed
having a non-planar rim, such that the antenna elements of a first pair are joined to the
linking edge of the sleeve at points which are nearer to the feeder structure at the other
end of the core than are the points at which the elements of the first pair are joined to

the linking edge.

Referring to Figure 5, a quadrifilar antenna in accordance with the present invention has
an antenna element structure with four longitudinally extending antenna elements
30A-30D formed as metallic conductor tracks on the cylindrical outer surface of a
ceramic core 32. The core 32 has an axial passage 33 with an inner metallic lining 34,
and the passage houses an axial feeder conductor 35. The inner conductor 35 and the
lining in this case form a feeder structure 36 for connecting a feed line to the antenna
elements. The antenna element structure also includes corresponding radial antenna
elements 30AR - 30DR formed as metallic tracks on a distal end face 32D of the core
connecting ends of the respective longitudinally extending elements to the feeder
structure 36. The other ends of the antenna elements are connected to a common virtual
ground conductor in the form a plated sleeve 40 surrounding a proximal end portion of
the core. This sleeve 40 is in turn connected to the lining of the axial passage 33 by

plating on the proximal end face of the core.
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As will be seen from Figure 5, the four longitudinally extending elements 30A-30D are

of different widths, two of the elements being wider than the other two. The elements

of each pair are diametrically opposite each other on opposite sides of the core axis.

In order to maintain approximately uniform radiation resistance for the helical
elements, each element follows a simple helical path. Each of the elements subtends
the same angle of rotation at the core axis, here 180° or a half turn. The upper linking

edge 40U of the sleeve is substantially planar.

Each pair of longitudinally extending elements and corresponding radial elements
constitutes a conductor having a predetermined electrical length. In this case, the
electrical length is determined not only by the physical length of the antenna elements,
but also by the width of the elements. In effect, the antenna elements may be regarded
as waveguides. As will be appreciated by those skilled in the art, a wide element will
propagate an applied signal at a wave velocity which is lower than that propagated by a
narrower element. In the present embodiment, the total electrical length of each of the
narrow element pairs is arranged to correspond to a transmission delay of
approximately 135° at the operating wavelength, whereas each of the wide element pairs
produce a longer delay, corresponding to substantially 225°.  Thus, the average
transmission delay is 180", equivalent to an electrical length of A/2 at the operating
wavelength. The differing element widths produce the required phase shift conditions
for a quadrifilar helix antenna for circularly polarised signals, as specified in Kilgus,

“Resonant Quadrifilar Helix Design”, The Microwave Journal, December 1970, pages
49-54.

Two of the element pairs e.g. elements 30A, 30B (i.e. one wide element and one narrow
element) are connected at the inner ends of the radial elements 30AR and 30BR to the
inner conductor 35 of the feeder structure 36 at the distal end of the core, while the
radial elements 30CR, 30DR of the other two element pairs are connected to the feeder
screen formed by the metallic lining of the core inner passage. At the distal end of the

feeder structure 36, the signals present on the inner conductor 35 and the feeder screen
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are approximately balanced so that the antenna elements are present with an

approximately balanced source or load.

With the lefi-handed sense of the helical paths of the longitudinally extending elements,
the antenna has its highest gain for right-hand circularly polarised signals. If the
antenna is to be used instead for left-hand circularly polarised signals, the direction of
the helices is reversed and the pattern of connection of the radial elements is rotated
through 90°. In the case of an antenna suitable for receiving both left-hand and
right-hand circularly polarised signals, the longitudinally extending elements can be

arranged to follow paths which are generally parallel to the axis.

The conductive sleeve 40 covers a proximal portion of the antenna core, thereby
surrounding the feeder structure 36, with the material of the core filling the whole of the
space between the sleeve 40 and the metallic lining of the axial passage 33. The sleeve
40 forms a cylinder having an axial length /s and is connected to the lining by the
plating of the proximal end face of the core. The combination of the sleeve 40 and
plating forms a balun so that signals in the transmission line formed by the feeder
structure 36 are converted between an unbalanced state at the proximal end of the
antenna and an approximately balanced state at an axial position generally at the same
or a greater distance from the proximal end as the upper linking edge 40U of the sleeve.

To achieve this effect, the average sleeve length is such that, in the presence of an
underlying core material of relatively high relative dielectric constant, the balun has an
average clectrical length of A/4 at the operating frequency of the antenna. Since the
core material of the antenna has a foreshortening effect, and the annular space
surrounding the inner conductor is filled with an insulating dielectric material having a
relatively small dielectric constant, the feeder structure distally of the sleeve has a short
electrical length. Consequently, signals at the distal end of the feeder structure are at
least approximately balanced. The dielectric constant of the insulation in a semi-rigid
cable is typically much lower than that of the ceramic core material referred to above.

For example, the relative dielectric constant g;of PTFE is about 2.2.
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The trap formed by the sleeve 40 provides an annular path along the linking edge for
currents between the elements, effectively forming two loops, the first including the
narrow antenna elements and the second including the wide antenna elements. At
quadrifilar resonance, current maxima exist at the ends of the elements and the linking
edge 40U, and voltage maxima at a level approximately midway between the edge 40U
and the distal end of the antenna. The edge 40U is effectively isolated from the ground

connector at its proximal edge due to the quarter wavelength trap produced by the

sleeve 40.

The antenna has a main resonant frequency of 500 MHz or greater, the resonant
frequency being determined by the effective electrical lengths of the antenna elements
30A-30D. The electrical lengths of the elements, for a given frequency of resonance,
are also dependent on the relative dielectric constant of the core material, the
dimensions of the antenna being substantially reduced with respect to an air-cored

similarly constructed antenna.

The preferred material for the core is zirconium-titanate-based material. This material
has the above-mentioned relative dielectric constant of 36 and is noted also for its
dimensional and electrical stability with varying temperature. Dielectric loss is

negligible. The core may be produced by extrusion or pressing.

The antenna elements are metallic conductor tracks bonded to the outer cylindrical and

end surfaces of the core.

As will be appreciated, since the elements have different electrical lengths by virtue of
them having different widths, the elements may be formed having substantially similar
physical lengths. Further, complicated element and/or sleeve constructions are not
required and the design and manufacturing process is consequently more

straightforward.

With a core having a substantially higher relative dielectric constant than that of air, e.g.

g=36, an antenna as described above for L-band GPS reception at 1575 MHz typically
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has a core diameter of about 10mm and the longitudinally extending antenna elements
have an average longitudinal extent (i.e. parallel to the cental axis) of about 10.5mm.
The width of the narrow and wide elements is about 0.76mm and 1.5mm, respectively.
At 1575 MHz, the length of the sleeve /g is typically in the region of 6mm. Precise
dimensions of the antenna elements can be determined in the design stage on a trial and

error basis by undertaking eigenvalue delay measurements until the required phase

difference is obtained.

The manner in which the antenna may be manufactured is described in the

above-mentioned GB 2292638A.
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Claims

1. A dielectrically-loaded loop antenna for operation at frequencies in excess of 200
MHz, comprising an electrically insulative core of a solid material having a relative
dielectric constant greater than 5, a feed connection, 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 pair of laterally opposed groups of elongate elements,
each group comprising first and second mutually adjacent elongate elements which
have different electrical lengths at a frequency within an operating frequency band of
the antenna and are coupled together at respective first ends in the region of the feed
cormection and at respective second ends by a linking conductor extending around the
core, the elongate elements of each group thereby defining at least part of an elongate
channel which has an electrical length in the region of nA/2 within the said band, and
the major part of which is located between the elements, and wherein the first elements
of the two groups form part of a first looped conductive path, and the second elements
of the two groups form part of a second looped conductive path, such that the said
paths have different respective resonant frequencies within said band and each extend
from the feed connection to the linking conductor, and then back to the feed
connection, A being the wavelength of currents in the antenna element structure at said

frequency and n being an integer (1, 2, 3, ....).

2. An antenna according to claim 1, wherein the channel is located completely between

the elongate elements.

3. An antenna according to claim 1, wherein the length of the part of the channel
located between the elongate elements is at least 0.7L, where L is the total physical

length of the channel.

4. An antenna according to any preceding claim, wherein the core is generally

cylindrical and the feed connection is located on an end face of the core.
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5. An antenna according to any preceding claim, wherein the core defines a central axis

and the antenna elements are substantially coextensive in the axial direction, 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.

6. An antenna according to any preceding claim, wherein one of the elements in each

group of elements is of a different width to the other element or elements in that group.

7. An antenna according to any preceding claim, wherein one of the elements in each
group of elements is of a different physical length to the other element or elements in

that group.

8. An antenna according to any preceding claim, wherein the core has a central axis of

symmetry and the elongate elements are generally helical, each executing a half-turn

around the axis.

9. An antenna according to any preceding claim, including an integral trap arranged to

promote a substantially balanced condition at the feed connection.

10. An antenna according to any preceding claim, wherein the linking conductor
comprises 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 part of the feeder

structure.

11. An antenna according to claim 10, wherein the antenna elements are coupled to the

sleeve in the general region of a distal rim of the sleeve.

12. An antenna according to claim 11, wherein the distal rim of the sleeve is

substantially planar.
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13. An antenna according to any preceding claim, including a feeder structure passing

through the core and connected to the first ends of the antenna elements.

14. A dielectrically-loaded antenna for operation at frequencies above 200MHz,
comprising an antenna core having a central axis and made of a solid insulative material
having a relative dielectric constant greater than 5, a feeder connection, and an antenna
clement structure on or adjacent the outer surface of the core forming at least two
conductive loops, wherein the antenna element structure comprises a linking conductor
and at least a pair of groups of elongate antenna elements, which groups are laterally
opposed on opposite sides of the axis and each comprise at least two mutually adjacent
elongate antenna elements each forming part of a respective one of the conductive loops
and each extending from a location at or adjacent the feed connection to the linking
conductor, wherein said mutually adjacent elements within each group have differing
electrical properties such that the two conductive loops have different respectively
associated resonant frequencies within a band of operation of the antenna, and wherein
said two elements of each group define a respective elongate channel at least the major
part of which is between the elements and has an electrical length of substantially nA/2

at an operating frequency of the antenna within the band of operation.

15. An antenna according to claim 14, wherein the fractional bandwidth of the said

band of operation at least 5%.

16. An antenna according to claim 14 or claim 15, wherein the two mutually adjacent

elements of each group are parallel to each other over the major part of their length.

17. An antenna according to claim 16, wherein the two mutually adjacent elements of

each group are parallel conductive tracks of different widths.

18. An antenna according to any of claims 14 to 17, wherein the core is cylindrical, and
wherein the antenna further comprises a feeder structure extending axially through the
core from a first end face to a second end face thereof, the feeder structure having one

conductor connected at the second end face to the mutually adjacent elements of one of
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the pair of groups of antenna elements and another conductor of the feeder structure

connected to the mutually adjacent elements of the other group of the pair.

19. An antenna according to claim 18, wherein the linking conductor forms part of a

trap coupled to the feeder structure in the region of the first end face of the core.

20. An antenna according to claim 18 or claim 19, wherein the groups of the said pair
of groups follow respective axially coextensive diametrically opposed helical paths
centered on the central axis, the ends of the paths lying generally in a common plane

containing the central axis.

21. A dielectrically-loaded antenna for operation in a frequency band above 200MHz,
comprising an antenna core made of a solid material having a relative dielectric
constant greater than 5, a feed structure extending between first and second locations on
the core, and an antenna element structure on or adjacent an outer surface of the core,
wherein the antenna element structure comprises at least one group of at least two
mutually adjacent elongate elements extending side by side from a first connection with
the feed structure at the first location to an interconnection which is coupled to the feed
structure at the second location, wherein the electrical properties of the two elongate
clements differ such that the antenna exhibits resonances at different respective
frequencies within the band, and wherein the two elongate elements define between
them, at least in part, an elongate channel extending substantially from the first
connection to the said interconnection, the electrical length of the channel at a
frequency f between the said resonant frequencies being in the region of nA/2, where A
is the wavelength of currents in the antenna element structure at the frequency f and n is

an integer (1, 2, 3, ....).

22. An antenna according to claim 21, wherein the antenna element structure comprises
a pair of said groups of antenna elements and the antenna includes a balun coupling the

two elongate elements of each group to the feed structure at the second location.
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23. An antenna according to claim 22, wherein the core is cylindrical and has first and
second end faces, the groups of the pair of groups being diametrically opposed, and
wherein the balun comprises a conductive sleeve having a rim, and each channel

extends from the first end face to the rim.

24. An antenna according to any of claims 21 to 23, wherein the two elongate elements
comprise conductive tracks of different respective widths formed on the outer surface

of the core.

25. An antenna for operation at frequencies in excess of 200 MHz, comprising an
electrically insulative core of a solid material having a relative dielectric constant
greater than 5, a feed connection, and an antenna element structure disposed on or
adjacent the outer surface of the core and comprising first and second pairs of antenna
clements, wherein the elements of each pair are disposed substantially diametrically
opposite one another, the material of the core occupies the major part of the volume
defined by the core outer surface, and said elements of the second pair are formed so as

to have a greater width than that of the first pair of elements.

26. An antenna according to claim 25, wherein the antenna elements:
each have a first end and a second end,
are connected at first respective ends to the feed connection, and

are joined at second ends by a linking conductor.

27. An antenna according to claim 25 or claim 26, wherein the core is generally
cylindrical and has first and second end faces, and wherein the feed connection is

located on one of the end faces.

28. An antenna according to any of claims 25 to 27, wherein the core defines a central
axis and the antenna elements are substantially coextensive in the axial direction, each
antenna 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
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spaced-apart portions of the antenna elements lie substantially in a single plane

containing the central axis of the core.

29. An antenna according to any of claims 25 to 28, wherein the antenna elements are

helical, each executing a half-turn around the core.

30. An antenna according to any of claims 25 to 29, wherein the link conductor
comprises 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 part of the feed

structure.

31. An antenna according to claim 30, wherein the distal rim of the sleeve is generally

planar.

32. A dielectric-loaded quadrifilar helical antenna having pairs of laterally opposed
antenna elements formed as conductive helical tracks on or adjacent the outer surface of
a solid core of material having a relative dielectric constant greater than 5, wherein the

tracks of one pair are wider than the tracks of the other pair.

33. 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 head, and an antenna as claimed in claim 28 coupled to the
transceiver, wherein the antenna has a radiation pattern which has a null in a direction
generally perpendicular to the single plane, and wherein the antenna is so mounted in
the unit that the null is directed generally perpendicular to said inner face of the unit to

reduce the level of radiation from the unit in the direction of the user’s head.

34. A unit according to claim 33, wherein:

the core is cylindrical and has first and second end faces;

the antenna elements are helical, each executing a half turn about the central
axis and each having a first end and a second end,;

the antenna has a feed connection associated with the first end face and coupled

to the first antenna element ends; and



WO 00/74173 PCT/GB00/01983

22
the antenna has a linking conductor formed by a conductive sleeve encircling

the cylinder so as to link the second antenna element ends and to form an isolating trap.

35. A unit according to claim 34, wherein the feed connection forms the end of an

5  axial feeder structure passing through the end of the core.
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