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_ This invention relates to an antenna for operauon at frequencies in €xcess o? 200 MHz.

and in particular to an antenna which has a three-dimensional antenna element structure.

- British Patent No. 2258776 discloses an antenna which has a three-dimensional antenna |

element structure by virtue of having a plurality of helical elements arranged around a
common axis. Such an antenna is particularly useful for receiving signals from satellites,
for example, in a GPS (global positioning sy_stém) receiver arrangement. The antenna is
capable of reéeiving circularly polarised signals from sources which may be directly
above the antenna, i.e. on its axis, or at a location a few degrees above a plane

nperpendicular to the antenna axis and passing through the antenna. or from sources located

anywhere in the solid angle between these extremes.

While being intended mainly for reception of circularly polarised signals, such an antenna,

~ due to its three-dimensional structure, is also suitable as an omnidirectional antenna for
) receiving vertically and horizontally polarised signals.

One of the disadvantages of such an antenna is that in certain applications it is
insufficiently robust, and cannot easily be modified to overcome this difficulty without
a performance penalty. For this reason, antennas which are to receive signals from the sky
in harsh environments, such as on the outside of an aircraft fuselage, are often patch
antennas, being simply plates (generally plated metallic square patches) of conductive
material mounted flush on an insulated surface which may be part of the aircraft fuselage.
However, patch ahtennas tend to have poor gain at low angles of elevation. Efforts to
overcome this dxsadvantage have included using a plurality of differently oriented patch
antennas feeding a smgle receiver. This technique is expensive, not only due to the
numbers of elements required, but also due to the difficulty of combining the received

signals.

_ Accordmg to one aspect of ttus invention an antenna for operation at a frequency in excess

of 200 MHz comprises an electncally insulative antenna core of a material having a
relative dielectric constant greater than 5, a three-dimensional antenna element structure

- disposed on or adjacent the outer surface of the core and defining an interior space, and

a feeder structure which is connected to the element structure and pésses through the core,
the material of the core occupying the major part of the said interior space.
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Typically the element strucmre compnses a plurality of antenna elements defining an
envelope centred on a feeder structure which lies on a central longitudinal axis. The core .
is preferably a cylinder and the antenna elements preferably define a cylmdncal envelope

" which is coaxial with the core. The core may be a eyhndncal body which is solid with

the exception of a narrow axial passage housing the feeder. Preferably, the volume of the
solid material of the core is at least 50 per cent of 't'he internal volume of the envelope

_ defined by the elements, with the elements lymg on an outer cylmdncal surface of the
" core. The elements may comprise metallic conductor tracks bonded to the core outer
 surface, for example by deposm_on or b.y etchmg of a prewously applied metallic coating.

' For reasons of physrcal and electrical stabtlxty, the matenal of the core may be ceramic,

e.g. a microwave ceramic material such as a zxrcomum-tltanate-based material.
magnesium calcium titanate, barium zirconium tantalate, and barium neodymium titanate,
or a combination of these. The preferred relative drelectnc constant is upwards of 10 or,
indeed, 20, witha ﬁgure of 36 bemg attainable nsmg mrcomum—ntanate-based material.

| 'Such materials have neghgrble dtelectnc loss to the extent that the Q of the antenna is

governed more by the electrical resistance of the antenna elements than core loss.

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
extent of the solid material being at_l'ea'st'SO per cent of the outer diameter. Thus, the core

" may be in the form of a tube having a comparatively narrow axial passage of a diameter
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~ at most half the overall diameter of the core. The'i mner passage may have a conductive .
_hmng which forms part of the feeder structure ora screen for the feeder structure, thereby

closely defining the radial spacmg between the feeder structure and the antenna elements.

This helps to achieve good repeatabtltty in manufacmre This preferred embodiment has

a plurallty of generally helical antenna elements formed as metallic tracks on the outet
_surface of the core which are generally co-extensive m the axial direction. Each element
is connected to the feeder structure at one of its endsand to a ground or virtual ground
conductor ‘at its other end, the connections to the feeder structure being made with
generally radial conductive elements and the ground conductor bexng common to all of
the hehcal elements '

According to another aspect of the invention, an antenna for operation at a frequency in
excess of 200 MHz eompnses a solid electneally insulative antenna core which has a
central longttudtnal axis and is made of a material havmg a relative dielectric constant
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greater than 5, a feeder structure extending through the core on the central axis, and,
disposed on the outer surface of the core, a radiating element structure comprising a
plurality of antenna elements which are connected to the feeder structtizé'at oiie end of the
core and extend in the direction of the opposite end of the core to a common
interconnecting conductor. The core preferably has a constant external cross-section in
the axial direction, with the antenna elements being conductors plated on the surface of
the core. The antenna elengerits may compriée a plurality of conductor elements exténding
longitudinally over the portion of the core having a constant external cross-section, and
a plurality of radial conductor elements connecting the longitudinally extending elements
to the feeder structure at the said one end of the core. The phrase "radiating element
structure” is used in the sense understood by those skilled in the art, that is to mean

elements which do not n:cessarily radiate energy as they would when connected to a

transmitter, and to mean. therefore. elements which either collect or radiate
electromagnetic radiation enérgy. Accordingly the antenna devices which are the subject
of this specification may be used in apparatus which only receives signals, as well as in
apparatus which both transmits and receives signals. '

Advantageously the antenna includes an integral balun formed by a conductive sleeve
extending over part of the length of the core from a connection with the feeder structure
at the 'above-mentioned'oppo.site end of the core. The balun sleeve may thus also form the
common conductor for the longitudinally extending conductor elements. In the case of
the feeder structure comprising a coaxial line having an inner conductor and an outer

_screen conductor, the conductive sleeve _of the balun is connected at the said opposite end

of the core to the feeder structure outer screen conductor.

The preferred antenna, having a core which is a solid cylinder, includes an antenna
element structure comprising at least four longitudinally extending elements on the
cylindrical outer surface of the core and corresponding radial elements on a distal end face
of the core connecting the longxtudmally extendmg elements to the conductors of the -
feeder structure. Preferably, these longitudinally extendmg antenna elements are of

different lengths. - In particular, in the case of an antenna having four longitudinally

extending elements, two of the elements are of greater length than the other two by virtue
of following meandered paths on the outer surface of the _t:ote. In the case of an antenna
for circularly polarised signals, all four elements follow a generally helical path, the
longer of the two elements each following a meandering course which deviates,

preferably, sinusoidally on each side of a helical centre line. The conductor elements
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' connectmg the longttudmally extendlng elements to the feeder structure at the distal end

of the core are preferably srmple radial tracks Whlch may be mwardly tapered.

Using the above-descnbed features it is possible to make an antenna which is extremely
robust due to its small size and due to the elements bemg supported on a solid core of
rigid material. Such an antenna can be arranged to have the same low-horizon omni-

* directional response as the pnor art antenna which is mamly air-cored but with robustness

sufficient foruse asa replacement for patch antennas in certam appllcattons Its small size

‘and robustness render i it suitable also for unobtrusive vel'ucle mounting and for use in

handheld devices. It is possible in some cn'cumstances even to mount it directly on a
pnnted circuit board ‘Since the antenna is suttable for recetvmg not only circularly

polarised signals, but also venmally or honzontally polartsed signals, it may be used not =

only in satellite nav1gatlon receivers but also in different types of radio communication

'apparatus such as handheld mobile telephones, an appltcatton to which it is particularly

suited in view of the unpredlctable nature of the received signals, both in terms of the
direction from which they are received, and the polarisation changes brought about
through reflection. '

Expressed in terms of operatmg wavelength in air A, the longttudmal extent of the antenna
elements, i.e. in the axial dlrectmn, is typlcally within the range of from 0.03A to 0.06A,

"and the core dlameter is typlcally 0.02A to 0.03A. The track width of the elements is

typrcally 0.0015 to 0.0025X, while the deviation of the meandered tracks from a helical
mean path is 0.0035A to 0.0065A on each side of the mean path, measured to the centre
of the meandered track. The length of the balun sleeve is typically in the range of from
0.03A to 0.06A.

' Accordmg a third aspect of the invention, there is provrded an antenna for operation at a

frequency in excess of 200 MHz, wherein the antenna compnses an antenna element
structure in the form of at least two pairs of helical elemnents formed as helices having a
common central axis, a substanually axrally located feeder structure having an inner feed
conductor and an outer screen conductor with eact: helical element having one end
coupled to a distal end of the feeder structure and its other end connected to a common

| ground or virtual ground conductor, and a balun compnsmg a conductive sleeve located
: coaxxally around the feeder structure, the sleeve bemg spaced from the outer screen of the

feeder structure by a coaxial layer of msulattve material having a relative dielectric
constant greater than 5, w1th the proxxmal end of the sleeve connected to the feeder
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structure outer screen. Preferably, the axial length of the helical elements is greater than

- the length of the sleeve of the balun. The sleeve conductor of the balun may also form the

common conductor., with each helical element terminating at a distal €dge of the sleeve.
In an alternative embodiment, the distal edge of the sleeve is open circuit, and the
common conductor is the outer screen of the feeder structure.

The invention also includes, from another aspect, a method of manufacturing an antenna
as described above, comprising forming the antenna core from the dielectric material. and

metallising the external surfaces of the core accordmg to a predetermined pattern. Such
metallisation may include coating external surfaces of the core with a metallic material
and then removing portions of the coating to leave the predetermined pattern, or
alteri;atively a mask may be formed containing a negative of the predetermined pattern,
and the metallic material is then deposited 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 pattern. Other methods of depositing a conductive pattern of the required form can
be used. '

A panicularly advantageous method of prodli_cing an antenna having a balun sleeve and

a plurality of antenna elements forming part' of a radiating element structure, comprises
the steps of providing a batch of the dielectric material, making from the batch at least one
test antenna core, and then forming a balun structure, preferably without any radiating

 element structure, by metallising on the core a balun sleeve havmg a predetermmed
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nominal dimension which affects the ﬁ'e_quency of resonance of the balun structure. The
resonant frequency of this test resonator is then measured and the measured frequency is
used to derive an adjusted value of the balun sleeve dimension for obtaining a required
balun structure resonant frequency. The same measured frequency can be used to derive

at Jeast one dxmensxon for the antenna elements of the radiating element structure to give

a required antenna elements _frequency characteristic. Antennas manufactured from the
same batch of material are then produced with a balun sieeve and antenna elements having
the derived dimensions.

The invention wnll now be described by way of exexhple with reference to the drawings
in which:-

Figure lisa perspective v_iew of an antenna in aecordance with the invention;
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Frgure 2is a dlagrammatlc axral cross-secnon of the antenna,
: .!1, i .

PCT/GBIS/01982

Figure 3 is a fragmentary perspective view of part'of the antenna;
Figure 4 is a cut-away perspective view of a test resonator;

Figure 5 is a diagram of a test rig including the res6nator of Figure 4; and

 Figure 6 is a diagram of an alternative test rig.

Refemng to the drawmgs, a quadnfilar antenna in accordance with the invention has an
antenna element stmcture w1th four longltudmally extendmg antenna elements IOA. lOB
10C, and 10D formed as metallic conductor tracks on the cyhndncal outer surface of a
cerarmc core 12. The core has an axnal passage l4 wrth an inner metallic lining 16. and
the passage ‘houses an axial feeder conductor 18. “The inner conductor 18 and the lining
16 in this case form a feeder structure for connectmg a feed line to the antenna elements
10A - 10D. The antenna element structure also includes corresponding radial antenna

| elements IOAR, 10BR, lOCR IODR formed as metalhc tracks on a distal end face 12D
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of the core 12 connectmg ends of the respective longltudmally extendmg elements 10A
-10D to the feeder structure The other ends of the antenna elements 10A - 10D are

connected to a common virtual ground conductor 20 in the form of a plated sleeve

surroundmg a proxxmal end portton of the core 12 “This sleeve 20 is in turn connected to
the lining 16 of the axxal passage 14 by platmg 22 on the proxxmal end face 12P of the
core 12.

As wrll be seen from Figure 1, the four longitudinally eXtending elements 10A - 10D are.
of different lengths, two of the element's 10B, 10D Being longer than the other two 104,
10C by virtue of followmg a meandenng course. In this embodiment, intended for
circularly polansed signals, the shorter longltudmally extending elements 10A, 10C are
simple helices, each executing a half turn around th_e axis of the core 12. In contr:st, the
longer elements 10B, 10D each follow a respectiVe meandering course which is sir. idal

" in shape, deviating on either side of a helical centre line. Each pair of longitudinally

extending and corresponding radial elements (for example' 10A, 10AR) constitutes a
conductor havmg a predetermmed electrical length In the present embodiment, it is
arranged that the total length of each of the element | paxrs '10A, 10AR; 10C, 10CR havmg
the shorter length corresponds to a transmission delay of approximately 135° at the
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operating wavelength, whereas each of the element pairs 10B, lOBR 10D, 10DR produce
a longer delay, corresponding to substantxally 225°. Thus, the average transrmssxon delay
is 180°, equivalent to an electrical length of A/2 at the operating wavelength. The
differing lengths produce the requxred phase shift conditions for a quadrifilar helix antenna
for circularly polarised 51gna.ls specified in legus, "Resonant Quadrifilar Helix Design",

The Microwave Journal, Dec. 1970, pages 49-54. Two of the element pairs 10C, 10CR

10D, 10DR (i.e. one long element pair and one short element pair) are connected at the

‘inner ends of the radial elements lOCR, 10DR to the inner conductor 18 of the feeder

structure at the distal end of the core 12, while the radial elements of the other two .
element pairs 10A, 10AR; lOB 10BR are connected to the feeder screen formed by
metallic lining 16. At the distal end of the feeder structure, the signals present on the
inner conductor 18 and the feeder screen 16 are approximately balanced so that the
antenna elements are connected to an approximately balanced source or load, as will be
explained below.

The effect of the meandering of the elements 10B, 10D is that propagation of a circularly

~ polarised signal along the elements is slowed in the helical direction compared with the

speed of propagation in the plain helices 10A, 10C. The seahng factor by which the path
length is extended by the meandering can be estimated using the following equation:-

2an

Paf:h length factor = | ' ¢ dp 1/2n
' » cos{tan’lan cos(n¢)]}

where:-
disthe distance along the centre line of the meandered track, expressed in radians;

ais the nmplitude of the meandered path, also_ in radians; and

n is the number of cycles of meandering._

- With the left handed sense of the helical paths of the longitudinally extending elements

30

10A - 10D, 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
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circula'rly polarised signals, albelt w1th less gaxn;'the longitudinally extendirig elements

canbe arranged to follow paths which are generally parallel to the axxs Such an antenna

R is also suttable for use wrth verttcally and honzontally polansed srgnals
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In the preferred embodrment the conductive sleeve 20 covers a proximal portion of the
antenna core 12, thereby surroundmg the feeder structure 16 18, with the material of the
core 12 filling the whole of the space between the sleeve 20 and the metallic lining 16 of
the axial passage 14. The sleeve 20 forms a cvlmder havmg an axial length Iy as show in
Figure 2 and is connected to the hmng 16 by the platmg 22 of the proximal end face 12P
of the core 12. The combmatron of the sleeve 20 and plating 22 forms a balun so that

| '51gnals in the transmission line formed by the feeder structure 16, 18 are converted

between an unbalanced state at the proxrmal end of the antenna and a balanced state at an
axial posmon approxrmately in the plane of the upper edge 20U of the sleeve 20. To
achieve this effect, the length /; is such that, in the presence of an underlying core material
of relatively high relative dielectric constant, the balun has an electrical length of A/4 at

the operating frequency of the antenna ' Since the core material of the antenna has a

foreshortenmg effect, and the annular space smroundmg the inner conductor 18 is filled

~ withan xnsulatmg dielectric material 17 having a relattvely small dlelectnc constant, the
feeder structure drstally of the sleeve 20 has a short electrical length Consequently,

signals at the distal end of the feeder structure 16, 18 are at least approxrmately balanced.
(The dielectric constant of the insulation in a semi-n'gid cable is typically much lower than
that of the ceramic core matenal referred to above. For example, the relative dielectric
constant €, of PTFE i is about 2 2.)

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 and,toa
lesser degree, by their width. The 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 12 is zirconjum-titanate-based material, This material

has the above-mentioned relative dielectric constant of 36 and is noted also for its
dnnensxonal and elecnmal stablhty wrth varying temperature Dlelectnc loss is negligible.

'I'he core may be produced by extrusron or pressmg
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The antenna elements 10A - 10D, 10AR - 10DR are metallic conductor tracks bonded to
the outer cylindrical and end surfaces of the core 12. each track being of a width at least
four times its thickness over its operative length. The tracks may be fotmed by initially
plaﬁng the surfaces of the core 12 with a metallic layer and then selectively etching away
the layer to expose the core according to a pattern apinlied ina photdgraphic layer similar
to that used for etching_-printed circuit boards. Alterhatively,- the metallic material may
be applied by selective deposition or by printing téchni_ques. In all cases. the formation
of the tracks as an integral ia,ver on the outside of a dimensionally stable core leads to an
antenna having dimensionally stable antenna elements.

With a core material having a substantially higher relative dielectric constant than that of
air. e.g. €, = 36, an antenna as described above for L-band GPS reception at 1575 MHz
typically has a core diameter of about Smm and the longitudinally extending antenna

. elements 10A - 10D have a longitudinal extent (i.e. parallel to the central axis) of about

8mm The width of the elements 10A - 10D is about 0.3mm and the meandered elements
10B, 10D deviate from a helical mean path by up to about 0.9mm on each side of the
mean path, measured to the centre of the meandered track. Typically, there are five
complete sinusoidal cycles of meander in each element 10B, 10D to produce the required
90° phase difference between the longer and shorter of the elements 10A - 10D. At 1575
MHz, the length of the balun sleeve 22 is typically in the region of 8mm or less.
Expressed in terms of th¢ operating wavelength A in air, these dimensions are, for the
longitudinal (axial) extent of the elements 10A - 10D: 0.042A, for the core diameter:
0.026)., for the baluxi sleeve: 0.042) or less, for the track width: 0.002A, and for the )
deviation of the meandered tracks: up to 0.005A. Precise dimensions of the antenna

elements 10A - 10D can be determined in the design stage on a trial and error basis by
undertaking eigenvalue delay measurements unnl the reqmred phase difference is

- obtained.

In general, however, the longltudmal extent of elements 10A - 10D is between 0.03% and
0.06A, the core diameter between 0. 024 to 0. 03A, the balun sleeve between 0. 03A to
0.06A, the track width between 0.0015A to 0.0025A, and the deviation of the meandered
tracks up to 0.0065A.

As a result of the very small size of the antenna, manufacturing tolerances may be such
that the precision with which the resonant frequency of the antenna can be maintained is

insufficient for certain applications. In these circumstances, adjustment of the resonant
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frequency can be brought about by rernovmg plated metalhc material from the core’

surface, e.g. by laser erosron of part of the balun sleeve 20 where it meets one or more of
the antenna elements 10A - 10D as ‘shown i in thure 3. Here, the sleeve 20 has been
eroded to produce notches 28 on etther srde of the j Junctton with the antenna element 10A
to lengthen the element therebv reducmg its resonant frequency Alternatively, the
metallic materral can be chemrcally removed by etchxng using, for instance, a resist
coating wrth an aperture or apertures in regrstry w1th the material to be etched. Shot blast
erosion may be used mstead small partrcles of abraswe material being fired from a fine
nozzle against the metallic portions to be eroded. An apertured mask may be used to
protect surrounding matenal

A significant source of producnon vanatrons in resonant frequency is the variability of the
relative drelectnc constant of the core matenal from batch to batch. Ina preferred method

of manufactunng the antenna descnbed above, a small sample of test resonators is
produced from each new batch of ceramic material, these sample resonators preferably
each havmg an antenna core dimensioned to correspond to the nominal dimension of the
core of the antenna and plated only wrth the balun, as shown in Figure 4. Referring to
Figure 4, the test core 12T, in addmon to havrng a plated balun sleeve 20T, also has a
plated proximal face 12PT. The inner passageway 14T of the core 12T may be plated
between the proxrmal face 12PT and the level of the upper edge 20UT of the balun sleeve

12T or, as is shown in Frgure 4, it may be plated over its whole length with a metallic -

lining 16T. The extemal surfaces of the core 12T dlstally of the balun sleeve 20T are
preferably left unplated

The core 12’[‘ is pressed or extruded from the ceramrc material batch to nommal

dtmensxons, and the balun sleeve is plated with a nommal axial length. This structure

forms a quarter-wave resonator, resonating at a wavelength A corresponding
approxrmately to four tunes the electrical length of the sleeve 20T when fed at the
proxnnal end of the passage 14T where it meets the proxnnal end face 12PT of the core.

30

35

Next, the resonant frequency of the test resonator is measured. This can be performed as
shown diagrammatically in thure 5 by taking a network analyzer 30 and coupling its
swept frequency source 3OS to the resonator, here shown by the reference numeral 32T,

using, for exarnple, a coaxxal cable 34 wrth the outer screen removed over the length of
a short end portion 34E. End portion 34E is msexted in the proxrmal end of the passage
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14T (see Figure 4) with _the outer screen of cable 34 connected to the metallised layer 16T
adjacent the proximal face 12PT of the core 12T. and with the inner conductor of the cable
34 lying approximately centrally in the passage 14T to provide capa'éiﬁv‘e"cdﬁpling of the
swept frequency source inside the passage 14T. Another cable 36, with its end portion
36E having the outer screen similarly cut back, is connected to the signal return 30R of
the network analyzer 30 and is inserted in the distal end of the passage 14T of the core
12T. The network analyzer 30 is set to measure signal transmission between source 30S
and return 30R and a characteristic discontinuity is observed at the quarter-wave resonant
frequency. Alternatively, the network analyzer can be set to measure the reflected signal
at the swept frequency source 30S using the single cable arrangement shown in Figure 6.

Again, a resonant frequency can be observed.

The actual frequency of resonance of the test resonator depends on the relative dielectric
constant of the ceramic material forming the core 12T. An experimentally derived or
calculated relationship between a dimension of the balun sleeve 20T, for exampile. its axial
length, on the one hand and resonant frequency on the other hand, can be used to
determine how that dimension should be altered for any given batch of ceramic material
in order to achieve the required resonant frequency. Thus, the measured frequency can
be used to calculate the required balun sleeve dimension for all antennas to be made from
that batch.

This same measured frequency, obtained from the simple test resonator, can be used to
adjust the dimensions of the radiating element structure of the antenna, in particular the

axial length of the antenna elements 10A - 10D plated on the cylindrical outer surface of

the core distally of the sleeve 20 (using reference numerals from Figures 1 and 2). Such
compensation for variations in relative dielectric constant from batch to batch may be
achieved by adjusting the overall length of the core as a function of the resonant frequency-
obtained from the test resonator.

Using the above-described method, it may be possible, depending on the accuracy with
which the frequency characteristics of the antenna are to be set, to dispense with the laser
trimming process described above with reference to Figure 3. Although it is possible to
use a complete antenna as a test sample, the advantage o_f using a resonator as described
above with reference to Figure 4, i.e. without a radiating element structure, is that a simple
resonance can be identified and measured in the absence of interfering resonances
associated with the radiating structure.
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The above;described bélun'arrarig’ement' of the antenna. being plated on the same core as

12

the antenna elements, is- formed s1multaneously w1th the antenna elements and being

- integral with the remainder of the antenna, shares its robustness and electrical stability.
Since it forms a plated external shell for the proxxmal portion of the core 12, itcanbe used

for direct mountmg of the antenna ona pnnted circuit board, as shown in Figure 2. For
example, if the antenna is to be en_d-mounted, the proxnnal end face 12P can be directly
soldered to a ground plane.on the upper face of a printed circuit board 24 (shown in chain
lines in Figure 2). With the inner feed conductor 18 passing directly through a plated hole
26 in the board for soldering to a conductor track on the lower surface. Since the
conductor sleéve 20 is formed on a solid core of material having a high relative dielectric
constant, the dimensions of the sleeve to achieve the required 90° phase shift are much -
smaller than those of an equivalent balun section in air. The electrical distance between ‘

‘the feeder screen 16 at the proximal end of the core 12 and the upper edge 20U is /4. As

a result, the edge 20U is electric‘ai_lly isol'ated"fror_'n groiind. Currents in the helical
elements 10A t'c_) 10D flow _annularlyi'at the ﬁpper 'edge 20U to sum to zero.

It is poss1b1e within the scope of the invention to use alternative balun and feeder
structures. For example, the feeder structure may have associated with it a balun mounted
at least partly externally of the antenina core 12. Thus, a balun can be effected by dividing
a coaxial feeder cable into two coaxial transmission lines acting in parallel, one being
longer than the other by an electrical length of A/2, the other ends of these paraliel-

" connected coaxial transmission lines having their inner conductors connected to a pair of

" inner conductors passing through the passageway 14 of the core 12 to be connected to
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' respective pairs of the radial antenna elements 10AR, 10DR; 10BR, 10CR.

As another alternative, the antenna elements 10A - 10D can be grounded directly to an
annular conductor at the proximal edge of the cylindrical surface of the core 12, a balun
being formed by an extension of the feeder structure having a coaxial cable formed into,
for example, a spiral on the proximal end face 12P of the core, so that the cable spirals

‘outwardly from the inner passage 14 of the core to meet the annular conductor at the outer

edge of the end Tace 12P where the screen of the cable is connected to the annular
conductor. The length of the cable between the inner passageway 14 of the core 12 and
the connecuon to the annular rmg is an'anged to be A/4 (electrical length) at the operating
frequency -
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All of these arrangements configure the antenna for circularly polarised signals. Such an
antenna is also sensitive to both vertically and honzontally polarised signals, but unless
the antenna is specifically intended for circularly polarised signals. the-balurr arrangement
can be omitted. The antenna may be connected directly to a simple coaxial feeder, the
inner conductor of the feeder being connected to all four radial antenna elements 10AR -
10DR at the upper face of the core 12, and the coaxial feeder screen being coupled to all
four longitudinally extending elements _lOA - 10D via radial conductors on the proximal
face 12P of the core 12. Indeed, in less critical applications, the elements 10A - 10D need
not be helical in their configuration, but itis merer sufficient that the antenna element
structure as a whole, comprising the elements and their connections to the feeder structure,

- should _be a three-dimensional structure so as to be responsive to both vertically and
~ horizontally polarised signals. It is possible, for example, to have an antenna element
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structure comprising two or more antenna elements each with an upper radial connecting
portion as in the illustrated embodiment, but also with a similar lower radial connecting
portion and with a straight portion connecting the radial portions, paraliel to the central
axis. Other configurations are possible. This simplified structure is particularly
applicable for cellular mobile telephony. A notable advantage of the antenna for handheld
mobile telephones is that the dielectric core largely avoids detuning when the antenna is
brought close to the head of the user. This is in addmon to the advantages of small size
and robustness. :

As for the feeder structure within the core 12, in some circumstances it may be convenient

to use a pre-formed coaxial cable inserted inside the passage 14, with the cable emerging
at the end of the core opposite to the radial elements 10AR to 10DR to make a connection
with recelver circuitry, for example in a manner other than by the direct connection to a
pnnted circuit board described above with reference to Fi ig.2. In this case the outer screen
of the cable should be connected to the passage lining 16 at two, preferably more, spaced
apart locations. |

In most applications the antenna is enclosed in a protective envelope which ia typically
a thin plastics cover surrounding the antenna either with or without an intervening space.
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1. An: antenna a for operatlon at a frequency in excess of 200 MHz. comprising an

electncally msulatlve antenna core of a material havmg a relative dielectric constant

 greater than 5, a three-dlmensmnal antenna element structure dtsposed on or adjacent the

outer surface of the core and deﬁmng an 1ntenor volume, and a feeder structure which is
connected to the element structure and passes through the core, the material of the core

' occupying the major part of the satd interior volume

2. An antenna 'accor'ding to claim 1, wherein the antenna element structure

compnses a p]urahty of antenna elements deﬁmng an envelope centred on a central
longttudmal axis of the antetma. and wherein the feeder structure is coincident with the
said axis.

3. | An antenna accordtng to claim 2, wherem the core is a cylinder and the antenna
elements deﬁne a cylmdncal envelope whtch is coaxial with the core.

4. - An antenna accordmg to clatm 2or claxm 3 wherein the core is a cylmdncal
body whtch is solid with the exception of an axial passage housmg the feeder structure.

5. ~ Anantenna accordtng to claim 4, wherein the volume of the solid material of -
the core is at least 50 per cent of the internal volume of the envelope defined by the

'_ elements, with the ele_me_nts lying on an outer cy.lmd_ncal surface of the core.

6. An antenna aocordxng to any of clanns 2 to 5, wherein the elements comprise .

7. An antenna according to any preceding claim, wherein the material of the core
is a ceramic.

8.  Anamennaaccording to claim 7, wherein the relative dielectric constant of the
material is greater than 10.

9. An antenna accordmg to claim 1, having a cylmdncal core of solid material with
an axial extent at least as great as its outer diameter, and with the diametrical extent of the
solid material being at least 50 per cent of the outer diameter.
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1'0. An antenna according to claim 9, wherem the core is in the form of a tube

having an axial passage of a diameter less than a half of its overall diameter. the inner
passage having a conductive lining. it

15

11. An antenna according to claim 9 or claim 10, wherein thé antenna element
structure comprises a plurality of generally helical antenna elements formed as metallic
tracks on the outer surface of the core which are generally co-extensive in the axxal
direction.

12. An antenna according to claim 11, wherein each helical element is connected
to the feeder structure at one of its ends and to at least one of the other helical elements

~at its other end.

20

13. An antenna according to claim 12, wherein the connections to the feeder
structure are made with generally radial conductive elements, and each helical element is

connected to a ground or virtual ground conductor which is common to all of the helical
elements.

14. An antenna for operation at a frequency in excess of 200 MHz, comprising a
solid electrically insulative antenna core which has a central longitudinal axis and is made
of a material having a relative dielectric constant greater than 5, a feeder structure

~ extending tili'ough the core on _the central axis, and, disposed on the outer surface of the
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core, a plurality of antenna elements which are connected to the feeder structure at one

end of the core and extend in the direction of the opposite end of the core to a common

interconnecting conductor.

15. An antenna according to claim 14, wherein the core has a constant external
cross-section in the axial direction, with the antenna elements being conductors plated on
the surface of the core.

- 16. An antenna according to claim 15, wherein the antenna elements comprise a

plurality of conductor elements extending longitudinally over the portion of the core
having a constant external cross-secuon, and a plurality of radial conductor elements
connectmg the longltudmally extendmg elements to the feeder structure at the said one
end of the core.
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17. An antenna according to claim 16, mcludtng an mtegral balun formed by a
conductive sleeve extending over part of the length of the core from aconnection with the
feeder structure at the said opposite end of the core.

- 16

18, | An antenna according to claxm 17, wherem the balun sleeve forms the common
conductor for the longttudxnally extendmg conductor elements. and wherein the feeder
structure comprises a coaxial line havmg an inner conductor and an outer screen
conductor, the conductive sleeve of the balun belng connected at the said opposite end of
the core to the feeder structure outer screen conductor.

19. An antenna according to any of claims 14 to 11_8, wherein the core is a solid y
cylinder, and wherein the antenna elements comprise at least four longitudinally extending
elements on the cylindrical outer surface of the core and corresponding radial elements
on a distal end face of the core connectxng the longttudmally extendmg elements to the
conductors of the feeder structure

20. An antenna according to claim 19, wherein the longitudinally extending
elements are of different lengths. ' :

21. "An antenna accordmg to claim 20, whetem the antenna elements comprise four
longrtudmally extendmg elements, two of which are of greater length than the other two
by vu'tue of following meandered paths on the outer surface of the core.

22 " An antenna accordmg to claun 21, wherein each of the four longttudmally

extending elements follow a respective generally helical path, the longer of the two
elements each followmg a respecuve meandenng course whtch deviates to either side of
a hehcal centre lme '- '

23. An antenna according to any of claims 19 to 22, wherein the radial elements are
simple radial tracks which are all the same length.

24 - An antenna accordmg to any precedmg claim, havmg a plurality of antenna

elements with a longttudmal extent m the range of ﬁ'om 0.03A to 0.06A, the core diameter

‘being in the range of from 0.02X to 0. 03, where ). 1s the operatmg wavelength of the

antenna i air. —

This Sheet Has Been Rep]

[ IIIIH uu I Iil! [P




WO 96/06468 PCT/GB95/01982

RN ) |l il

25. An antenna accordmg to claim 24 and claim 17 or claun 18, wherein the length

" of the balun sleeve is in the range of from 0.03A to 0.06).
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26. An antenna for operation at a frequency in excess of 200 MHz. comprising an
antenna element structure in the form of at least two pairs of helical elements formed as
helices having a common central axis, a substantially axially located feeder structure
having an inner feed conductor and an outer screen conductor with each helical element
having one end coupled to a distal end of the feeder structure and its other end connected
to a common ground or virtual grouhd conductor, and a balun comprising a conductive
sleeve located coaxially around the feeder structure, the sleeve being spaced from the
outer screen of the feeder structure by a coaxial layer of insulative material having a
relative dielectric constant greater than 5, with the proximal end of the sleeve connected
to the feeder structure outer screen. | -

27. An antenna according to claim 26, wherein the sleeve conductor of the balun
forms the common grounding conductor, with each helical element terminating at a distal
edge of the sleeve. '

28. An antenna according to claxm 26 wherem the distal edge of the sleeve is open
circuit, and the common conductor is the outer screen of the feeder structure.

29. Radio communication apparatus having an antenna according to any preceding

. claim, wherein the amenné is mounted directly on a printed circuit board forming part of

the apparatus.

30. _' A method of manufacturing an antenna as claimed in any preceding claim,

comprising forming the antenna core from the dielectric material, metallising the external

~ surfaces of the core according to a predetermined pattern.

31 A method according to claim 30, wherein ihe_ metallisation step includes coating
the external surfaces of the core with a metallic material and removing portions of the
coating to leave the predetermined pattem._

32. A method according to claim 30, 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
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pdrtions of the cOre so that the metallic material is applied according to the predetermined
pattern. _ P _ _

18

33. A method of manufactunng a pluralny of antennas as claimed in any of claims
17, 18 and 251029 compnsmg -

prowdmg a batch of the dielectric matenal

makmg from the batch at least one test antenna core;

fornung a balun structure by metalhslng on the core a balun sleeve having a
predetermmed nommal dlmensxon whxch affects the frequeney of resonance of the balun
structure;

measunng the resonant frequency to denve an adJusted value of the balun sleeve '
dimension for obtaining a reqmred balun structure resonant frequency, and to derive at
least one dimension for the antenna elements giving a ‘required antenna elements
frequency characteristic; and _

manufacturing from the same batch of material a plurality of antennas with a
balun sleeve and antenna elements having the derived dimensions.

34. A method according to claim 33, wherein the test core is cylindrical and is made
with an axial passage, and the passage is metallised over a section thereof which is
coe_xtenswe with the balun sleeve.

35. A method accordmg to claim 33, wherem the test core is cylindrical and is made

with an axial passage, and the passage is metalhsed over the whole of its length.

36. A method accordmg to clalm 34 or clalm 35 wherein the saxd sleeve dimension
_ lS its. axxal length
37. A method according to any of claims 34 to 36, wherein the said dimension for

the antenna elements is the length of at least some of the antenna elements.

38. A method according to any of elaims 34.to 36, wherein the said dimension for
the antenna elements is the axial extent of the antenna elements, the said axial extent being
the same for each of the antenna elements.
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