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PCT/ GB95/ 01982 This invention relates to an antenna for
ogeration at frequencies in excess of 200 MHz. and in particular to
an ant enna whi = di sional antenna el enment structure.

British Patent. g gda e |scl oses an antenng which has a
t hr ee- di nensi onaljuﬂm Y ‘Ea‘e" - elenment structure by virtue of having a

plurality of heli rrianged ar common axis. Such -
an antenna i s pa uI for recervi als fromsatellites.

for exanple, .in. a GPS (gl obal positioning system) receiver arrangenment. The

antenna is igll Qbii frefa?é%%‘éh @Hteghzf fdr‘loﬁéxlaﬁoﬁ) & ﬁédlﬁﬂ&e? HJ&'EJ&% cffriﬁB]MHz.

sources which nay be rect

or at a location &and mmﬂ%,ré@ ap pafornawhich hes athree-dxmepelpp@lmmaalemam stm;ture.
antenna axis ang passing through the antenna, or from sour ces | ocat ed

anywhere in the solid angle between these extrenes. :
~ 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 (globél positioning sy_stém) receiver arrangement. The antenna is

10 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.

15 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
20 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.
25 However, patch antennas 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. ' '

30
_ 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
35 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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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-tttanate-based material.

magnesium calcium titanate, barium zirconium tantalate, and barium neodymium titanate,

or a combination of these. The preferred relative dxelectnc constant is upwards of 10 or,

15 indeed, 20, witha ﬁgure of 36 bemg attainable nsmg zucomum—ntanate-based material.

| 'Such materials have negltgtble 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

20 material with an axial extent at least as great as its outer diarneter, and with the diametrical
extent of the solid material being at_ least 50 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

~ at most half the overall diameter of the core. The'i mner passage may have a conductive .

_ _hmng which forms part of the feeder sn'ucture ora screen for the feeder structure, thereby
25 closely defiring the radial spacing between the feeder structure and the antenna elements.

' This helps to achieve good repeatabthty 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

30 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

'35 excess of 200 MHz compnses a solid eleetncally insulative antenna core which has a

central longtmdtnal axis and is made of a material havmg a relative dielectric constant

v
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metallic coating. longltudlmally over the portion of the core having a constant external cross-section, and
- aplurality of radial conductor elements connecting the longitudinally extending elements
10 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 necessarily 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
15 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
20 atthe '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.
’s _ _ |
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 -
30 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
35 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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15 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 operating wavelength in air A, the longitudinal extent of the antenna
20 elements, i.e. in the axial dlrectxon, 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
typleally 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

25 0.03A to 0.06A.

' Accordmg a third aspect of the invention, there is prov1ded an antenna for operation at a
frequency in excess of 200 MHz, wherein the antenna compnses an antenna element

B structure in the form of at least two pairs of helical elements formed as helices having a
30 common central axis, a substantially axially 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

' 35 feeder structure by a coaxial layer of msulatxve material having a relative dielectric

~ constant greater than 5, w:th the proxnnal end of the sleeve connected to the feeder
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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

metalhsmg the external surfaces of the core accordmg to a predetermined pattern. Such

10 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

15 the pattern. Other methods of depositing a conductive pattern of the required form can
be used.

A panicularly advantageous method of producing an antenna having a balun sleeve and
. aplurality of antenna elements forming part ofa radiating element structure, comprises
20 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
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
25 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 &equency characteristic. Antennas manufactured from the
same batch of material are then produced with a balun sleeve and antenna elements having

30 the derived dimensions. |
The invention wnll now be described by way of exexhple with reference to the drawings

in which:-

35 Figure 1 is a perspective view of an antenna in _aecbrdanee with the invention;
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Advant ageousl y the antenna includes an integral balun formed by a

conducti ve sbeeF/igure41se>due-a¢wﬁ9ex@pmve&fetw@tfatekleesdnaﬂirh of the core froma
connection with the feeder structure 20 at the above-nenti oned opposite end

of the core. The balun sleeve may thus also formthe comon conduct or

for the |ongit uigarld is acliigadiofg temn@liﬁélﬁdmgltlﬁmsﬁrﬁtorldﬁﬂétﬁe 4paRy of t he
feeder structure conprising-a-coaxial |ine having-an inner conductor and an

out er screen conductor, the conductive sl eeve of the balun is connected
at the said opriﬁgnteeﬁisracﬂiagramafanlahemanmtestﬂg:e feeder structure outer
screen condt]i@tor ‘The preferred antenna, having a core which is a
solid cylin |ncludes an antenna. . el ement structure conpr|5|ng at

| east: four | ongRefemtingad the drangsl,l a‘nmadhﬁlat lamenmmtaleeordance with the invention hasan

antenna element stmcture w1th four longltudmally extendmg antenna elements 10A. 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 w1th an inner metallic lining 16. and

15 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 '10DR formed as metalllc tracks on a distal end face 12D
of the core 12 connectmg ends of the respective longltudmally extendlng elements 10A
20 -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 pomon of the core 12 “This sleeve 20 is in turn connected to

the lining 16 of the axxal passage 14 by planng 22 on the proxxmal end face 12P of the

_ core 12.
25

As wxll be seen from Flgure 1, the four longxtudmally extendxng elements 10A - 10D are

of different lengths, two of the elements 10B, 10D bemg longer than the other two 104,

10C by virtue of followmg a meandermg course. In this embodiment, intended for
circularly polansed signals, the shorter longltudmally extending elements 10A, 10C are

30 simple helices, each executing a half turn around the ax:s of the core 12. In contr:st, the
longer elements 10B, 10D each follow a respectlve meandering course which is sir:.- >idal

in shape, devxatmg on elther side of a helical centre line. Each pall‘ of longitudinally
extending and corresponding radial elements (for example 10A, 10AR) constitutes a
conductor havmg a predetermlned electrical length In the present embodiment, it is

'35 arranged that the total length of each of the element pairs 104, 10AR; 10C, 10CR having
the shorter length corresponds to a transmission delay of approximately 135° at the
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radi al tracks whi dRe Migropave Jousmal, ec, &%iq, pages 49-54. Two of the element pgl]:r)s 10C, 10CR;
10D, 10DR (i.e. one long element pair and one short elgment pair) are connected at the

inner ends of the radial elements 10CR, 10DR to the inner conductor 18 of the feeder
structure at the distal end of t_he core 12, while the radial elements of the other two .
10 element pairs 10A, 10AR; 10B, 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.
15 : _
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 sealing factor by which the path
length is extended by the meandering can be estimated using the following equation:-
20
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 g.mplitude of the meandered path, ﬁlso_ in radians; and
25 _ .
n is the number of cycles of meandering.

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

_ 10A - 10D, the antenna has its highest gain for right hand circularly polarised signals.
30 |
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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of from achieve this effect, the length /; is such that, in the presence of an underlying core material

15 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 sm'roundmg the inner conductor 18 is filled

~ withan xnsulatmg dielectric material 17 having a relatlvely small dlelectnc constant, the

feeder structure dtstally of the sleeve 20 has a short electrical length Consequently,

20 signals at the distal end of the feeder structure 16, 18 are at least approxxmately 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.)

25 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
30 similarly constructed antenna. | |
The preferred material for the core 12 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 temperamre Dielectric loss is negligble.
35 'I'he core may be produced by extrusmn or pressmg
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96/ 06468 o that used for etching printed circuit boards. Alternatively, thegnetallic material may
: be applied by selective deposition or by printing téchni_ques. In all cases. the formation
of the tracks as an integral layer on the outside of a dimensionally stable core leads to an

antenna having dimensionally stable antenna elements.

10
With a core material having a substantially higher relative dielectric constant than that of
air. e.g. €, = 36, an antenna as described above for 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
15 Smm. The width of the elements 10A - 10D is about 0.3mm and the meandered elements
1 0B, 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
20 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
25 elements 10A - 10D 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. '

In general, however, the longitudinal extent of elements 10A - 10D is between 0.03% and

30 0.06A, the core diameter between 0.02A 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
35 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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A significant source of productton vanattons in resonant frequency is the variability of the l
relative dtelectnc 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
15 produced from each new batch of ceramic matertal these satnple resonators preferably
each havmg an antenna core dimensioned to correspond to the nominal dimension of the
core of the antenna and plated only w:th the balun, as shown in Figure 4. Referring to
Figure 4, the test core 12T, in addttton 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
20 between the proxtmal face 12PT and the level of the upper edge 20UT of the balun sleeve

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

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

25 The core 12T is pressed or .ex_truded from__'t_he ceramic material batch to nominal

dimensions, and the balun sleeve is plated with a nominal axial length. This structure

forms a quarter-wave resonator, resonating at a wavelength A corresponding
approx:mately to four tunes the electrical length of the sleeve 20T when fed at the

proxtmal end of the passage 14T where it meets the proxnnal end face 12PT of the core.

30 -

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,
35 using, for example, a coaxxal cable 34 thh the outer screen removed over the length of

| a short end portion 34E. End portion 34E is msened in the proxunal end of the passage

“
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described by way othedetmprkanalyzer 30ans is inserted in the distal snd 9f the passage 14 of the core
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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
10 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
15 calculated relationship between a dimension of the balun sleeve 20T, for example. 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
20 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

25 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.

30 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

35 resonance can be identified and measured in the absence of interfering resonances
associated with the radiating structure.
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The above-described balun arrangement of the antenna. being plated on the same core as

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

W

10

15

20

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'a_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 thie core 12 to be connected to

25

30

35

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 -

v

lluct ur e di sposed on or adj acent the



6" FWouem64s8i s a di agrammatic axi al Cross-section of PoI/GBYSONS:

Figure 3 i's a fragnentary perspective view of. part of the antenn: 5
Figure 4 is a cut-away perspective view of a test resonator;

Figure 5 is a diagramof a test rig including the resonator of Figure 4 and
Figure 6 is a diagramof an alternative test riy. 10 Ref erring
to the drawings, a quadrifilar antenna in accordance w th the invention has
an ant ennaambﬂﬁes%taxﬁhgaﬁéwéb tﬁ@&iﬁmﬁﬁ%dil@dhﬂ?'pblérﬁﬁ §8A419.9Such an

ant enna el ements |

conduct or tracks @H‘%‘s o WB?‘PE%@ W@F"‘@ ¥ %558‘3951@8 Y pﬁa"*‘i%‘g&ﬂf"cb"é Ynless
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and th ep| i ni % 9 omlﬁe& g:?tet?r{a t%g)p é’ ggn%recteg dlrect?y tlcjnan S;np eo Qc()ja%; tl?‘ee:der the

5 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

10 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

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

15 portion and with a straight portion connecting the radial portions, parallel 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
20 and robustness. :

As for the feeder structure within the core 12, in some circumstances it may be convenient
tousea 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
25 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. |

30 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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15 3. | An antenna aeeordtng to claim 2, wherein the core is a cylinder and the antenna
elements deﬁne a cyhndneal envelope Wthh is coaxial with the core.

4. - An antenna accordmg to elatm 2or claxm 3 wherein the core is a cylmdneal

body whtch is solid with the exception of an axial passage housmg the feeder structure.
20 '
5. ~ Anantenna accordmg 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_neal surface of the core.

25 | 6. An antenna aoeordmg to any of clanns 2 to 5, wherein the elements comprise .
- metallic eonductor tracks bonded to the core outer surface.

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

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

9. An antenna accordtng to claim 1, having a cylmdncal core of solid material with
35 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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differing | engths produce the reqU|red phase shift conditions for a
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10D, 10DR (i.e. O'Iaﬁséagé‘ﬂa‘ﬁhﬁﬁr’éaﬂddéﬁ%hﬁﬁ one short el enent pai+)--are-
connect ed at th i nher ends of the radial elements 10CR, 10DR to

t he i nner conductor 18 of the feeder structure at the distal end of
the core 12, whil qit he rag] atelaciiRidingOfo dikith 9tdIlaitiMmo, wh&&necheaﬁehn@aleﬁem
10A, 10AR 1OB 1OBR are conpect efi to the feglfer SCreen fo

metal lic |ining 1&tTugiure spmprises 3 plusality of eenszaliychelical antennay %@eﬁgﬁm@w
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approxi mately bal anced so that the - antenna el enents ar e connect ed
to an approxi nat el%feEWhnced source or load, as will be
10 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.
13. An antenna according to claim 12, wherein the connections to the feeder
15 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

20 solid electrically insulative antenna core which has a central longiiudinal 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

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
25 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.
30 o |
- 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
35 end of the core.

Sheet Has Been Re laced

\\II\I\\ Wl s

i
' REPLACED




expl ai ned bel ow.. 15 The effect of the nmeandering of the
el enent s YWB96/I6AES | S that—pfep&gat—i_on_of_a circularly  PCT/GBYSHNIS2Ed

signal along the el enent n the helical direction conpared with

t he speed of pr m‘m m iiﬁﬁ Ia| n helices 10A, 10C. The sealing®
factor by which the pat |s ext ended by the meandering can

be estinmated using the foI I ovm ng equatl on:- 16 20

2nn [err] where: -

[err] is the diggance Anosferinacactedingetol dlaitr Df, lhétﬁdnug&ndﬁfegfwbhnﬁkfonned by a
expressed in radi t ude of the

i a
nmeander ed path, %@E'G“Y%S‘F%Fmdm&ﬁ&“ pan[oggte]leng%h bt e 808 stom £ £onnection yith the
nunber of cycl e feedbr starnde at thg said opposite end ofitttercordre | eft handed sense of.

the helical paths of the longitudinally extending el enents 10A -
10D. the antenna has its highest gain for right hand circularly polarised
signal s. 5 18. An antenna according to claim 17, wherein 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 betng connected at the said opposite end of
the core to the feeder structure outer screen conductor.
19, An antenna according to any of clatms 14 to 18 wherein the core is a sohd
cylinder, and wherein the antenna elements comprise at least four longltudmally extendmg
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
15 conductors of the feeder structure

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

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

22, An antenna according to claim 21, WIierEin each of the four longitudinally
25 extending elements follow a respective generally- helical path, the ionger of the two
elements each followmg a respeeuve meandenng course whxch 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
30 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 operaung wavelength of the

35 antennair air. —-
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port Lon of the 26" g il Rt perebingt & Fefiveney Y e @Oﬁﬁﬁ?mmms an

structure 16. 18. aménhatlementstachat imthetform of at least twe pairs dfthelicdllelemeritdiformed as

whol e of the spac et ween the sl eeve h allic. n

t he axi al passageetfgl.cemﬁ vngé & 'r%ﬁ%kg%gtél Fﬁ%ﬁ‘#"é\ﬁ“ﬁ ygﬂcﬂggl%ﬁ? ‘Wg‘j’f:ﬁ“e

[err] as show i n 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 ground conductor, and a balun comprising a conductive

10 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. '

15 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 cléim 26, Wherein the distal edge of the sleeve is open
20 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 antenna is mounted directly on a printed circuit board forming part of
the ap_patams.
25 _ |
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.

30 31. A méthod 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
35 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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Figure 2 and is connected to the lining 16 by the plating 22 of the -

proxi nmal Weo6leaess 12P 10 __of the core 12. The conbi nat POWGHISH1i982 S| eeve
20 and plating 22 fornms a bal un so that signals in the

transm ssion line for r‘ﬂmlﬂummmmg structure 16. 18 are converted ¢
bet ween an unbal anced i mal .end of the antenna and a

bal anced state at an akial position8approximately in the plane of
the upper edge 20U of the sleeve 20. To- achieve this effect, the
length [err] i spostiads affiztcore so thitahpmetmbicanaterial sappliedadopidingg mheplféﬁéteﬁmﬁkd
15 of relatively high relative dielectric constant, the balun has an

electrical len aﬁ [err]/4 at t he operatl ng frequency of the
antenna. Since the core material of the antenna has a

f oreshortening f fect, 4 alth |

conductor 18 |s?f || cf‘ otdtb?n%%ﬁéﬂég?ﬁﬁ?ﬁ% ng . %‘?ﬂ%&e {%B¥°£Flaf95
havi ng a rel ét|k/7eI1§aBdr3§Itoa9€¢mBmsln&'constant t he f eeder
structure distall y of ectrical |ength. -
Consequent |y, SI g ﬁ‘ks at h%ﬁ di s Tﬂ% %}eﬁ%l the feeder structure 16.:
18 are at | east approxnﬂqnemmtmhatsbatleastonetesta:(tmmml ectric constant
Chat ot the cer ami o cqcanak d bauf R RHLE by Sudal URg LiinfTbind o G bl having o
rel ative di el equedegermined nomma,lémrmn wleeh pifests Wrﬁequ@cwmsome)ofthe bales
The ant-enna’ Igassu%cﬁﬁén r esonant frequency of 500 MHz or greater, the '

r esonant frequency - being determ ned by the effective electrical _
| engths of the antennan@smwewtfrmwncymdenvemadweﬂvebrgroééxebpymtshew

wi dth. The | e”%xﬂﬁnﬁ&n?&%ﬂxﬁﬁﬁ%tﬁﬂefﬁrb&rﬂéﬁﬁﬂné Fé’sgﬂﬁﬁqﬁégﬁéncy and to de ve at

resonance, are also dependent On t relative die tric constant of
core material, leas one dimensiop; for{h¢ Gntenpa elaments)giving, aprequijed @nmartqlmmts

reduced W th rmﬁcgwﬁsﬁc Gaged 30 simlarly constructed antenna.
15 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
20 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.

25 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 accordirlg to any of claims 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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The preferragosgbsggal for the core 12 is zirconi umtitanat e- beE€B95/01982

material. This materi al

has t he above-nentioned rel ati ve

di el ectric constant of 36 and is noted also for its : di mensi ona
ahd electrical stability with varying tenperature. Dielectric loss is
negl i gi bl e. 35 The core may be produced by extrusion or pressing.
WD 96/ 06468 PCT/&B95/ 01982

9 The antenngy
conductor tracks bongec
of the core 12, each
t hi ckness over its ope
-plating the squﬂ *i
selectively etc

pattern applied in a
etching printed circui

outer cylindrical and end surfaces
ei/ng of a wdth at |east four tinmes its
' 'ﬁqpéracks may be fornmed by-iknitially
a netallic layer and then
expose the core according to a
| ar ‘ to that used for
atively, the netallic material may
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be applied by selective deposition or by printing techniques. In all cases,
t he for mat We96/06468 of the tracks as an integral |ayer onPCRGRIFONSAe of

a dinmensionally stable core leads to an ant enna havi ng

di mensi onal | y stabl e antenna el enents. 10 Wth a core naterlal
havi ng a substantially higher relative dielectric constant than that of
air. e.g. [err], = 36. an antenna asgﬂgscrlbed above for L-band GPS
reception at 1575 Mz tymi cally has a core dianeter of about 5mm
and the | ongitudinally extending fant enna el enents 10A - 10D have a

©2the central axis) of about 15
10D i s about 0.3nm and t4&-mearider ed
gl froma helical nmean path by up to about
nmean path, neasured jeeThy bf the
are five ey, (soi dal

| ongi t udi nal extent (i
8mMm The w dt.r
el enent s
- 0.9mm on each s\
nmeander ed t TA4K
cycl es of neander
90[ err] phase differen

.e. parall,

he | onger and shor]

- 10D. At 1575 gth of the balun s y
in the regi one 2 S Expressed in N | # operating
wavel ength [err] in air, thge€ diffensiqgns are, for t

| ongi tudi nal (axial) ext ent 28f ti e nts 10A - . for the
core dianeter: 0. 026[ erlrf§, for the bald : Allerr] or

| ess, for the track width: 0.002[%rr], and for the s&vpmtion of

t he neandered tracks: up to O. 005'err] Preci se dinme b ant enna

25 el enments 10A - 10D can be detérmned in the desig ;&age‘o altrial and

error basis by dert aki ng elgenvalue del a 5 until the
requi red phase di fﬁlg 3 s

Fig5, %

3% < 36
uE ' - |

s

~~ 30

J0S~— o
6): Fig.6.
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| A general, however, the longitudinal extent of elenments 10A - 10D is

bet ween 0. 03[ er —96jerr], tthe core dianeter between 0.02[err]
tQ 0.03[err], t eR MENE SHEED e ween 0. O3[err] to 0.06[err}; the
track width bet bn 0. 0015[err]jtp 0.0025[err], and the deviation of the
meander ed t18CHIL Ygog o} O] 0065[ err]14
m

very smal |l size|off the antenna, | manufacturing tol eranc '
35 that the pregdi stomwtirwhch [ he resqaagMms$requenc le iumm H!kan
c se

—ll

be mai ntai ned i insuffiEient for certain applixati onS. wlns
ci rcunst ances, adjustnent of the resonant WO 96/ 06468
PCT/ G895/ 01982 1. Anantenna for operation atafrequency in excess of 200 MHz, com rl@n an

f b t . b tall

the core Co" RecligBly Heudfi fnieha GRRY %@%%&h”ﬂ%@%@f'ﬁl‘éﬁ%%éﬁaﬁm@%@ave
20 where it fregreatariand, “athree-dithensional antermh elementstruatues dispusedonl Oradjactmthe s
shown in Figur eou?ér sﬂ?ﬁc@ of m%ecofel a%ﬂ\ﬁgﬁzigg Qﬁﬁlt&?opt%olume, 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 said interior volume.

10 2. An antenna according to claim 1, wherein the antenna element structure
. comprises a plurality of antenna elements defining an envelope centred on a central
longitudinal axis of the antenna, and wherein the feeder structure is coincident with the
said axis.

15 3. An antenna according to claim 2, wherein the core is a cylinder and the antenna
elements define a cylindrical envelope which is coaxial with the core.

4, An antenna according to claim 2 or claim 3, wherein the core is a cylindrical

body which is solid with the exception of an axial passage housing the feeder structure.
20 | _
S. An antenna according 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 elements lying on an outer cylindrical surface of the core.

25 6. An antenna according to any of claims 2 to 5, wherein the elements comprise
metallic conductor tracks bonded to the core outer surface.

7. An antenna according to any preceding claim, wherein the material of the core
' is a ceramic. |
30
8. An antenna according to claim 7, wherein the relative dielectric constant of the
material is greater than-10.

9. An antenna according to claim 1, having a cylindrical core of solid material with
35 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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to the feeder structure outer screen.

15 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 claim 26, wherein the distal edge of the sleeve is open
20 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 antenna is mounted directly on a printed circuit board forming part of
the apparatus
25
30. A method of manufacturing an antenna as claimed in any preceding claim,
comprising forming, from the dielectric material, the antenna core as a solid cylindrical
body with a through-passage having a diameter less than half the diameter of the body,
and metallising the external surfaces of the core according to a predetermined paftem.
30 '
31. A method according to claim 30, wherein the metallisation step includes coating
the external surfaces of the core with a metallic material and removing portions of the
coating to leave the predetermined pattern.

35 32, A method according to claim 30 wherem the metalhsaﬁon step includes
forming a mask containing a negatlve of the $aid predetermmed pattein and depositing a
- metallic material on the external surfaces of the core while using the mask to mask
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25 'The corb@&%j&& pressed or extruded fromthe ceramc mater#‘#l E?é(ﬁbszto

nom nal nsi ons, and the balun sleeve is plated w a nom na
axial length. This structure forms a quarter-wave resonator,
resonating at T™jcorrespondi ng apprOX|nater to
four tines the #htrt’h jof the sl eeve 20T when fed at the
proxi mal end of] the passage 14 ere it neets lthe proxi mal end face 12PT

of the core. ext, ther t frequency of the test
he perfornﬁﬁ-ﬂg&b‘—A shown S

resonator is
di agrammati cal | aking a network anal yzer 30 and coupllng

its sSViED soufce 30S to_the resonator, here shown b heH
ref erence nuneral 13 Sy de AR antepna for ppgragion gt sausnsles dn sreessaf 49Q MHz.

the outer screen aﬁd%%&wm b BnteRROVHiCR has at}nee-dlmelﬁlcﬁﬁpﬁ.ﬁteﬂﬁdel&ﬁéﬁt'sﬁ'ﬂcmre.
34E. End portion 34E is inserted in the proximal end of the passage WO

96/ 06468 3 PCT/ GB95/ 01982
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 system) receiver arrangement. The antenna is

10 capable of receiving 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
perpendicular to the antenna axis and passing through the antenna. or from sources located
anywhere in the solid angle between these extremes.

15 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
20 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.
25 However, patch antennas tend to have poor gain at low angles of elevation. Efforts to
overcome this disadvantage have included using a plurality of differently oriented patch
antennas feeding a single receiver. This technique is expensive, not only due to the
numbers of elements required, but aiso due to the difficulty of combining the received
signals.
30
According to one aspect of this invention an antenna for operation at a frequency in excess
of 200 MHz comprises an electrically 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
35 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 said interior space.
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core 12T. An experinental | cul ated rel ati hi

betvieen a di menst SAGT TeHEPBER M) ceperisscoperallis candufigr racks B0ag3p e core outer
| ength, on the onguifade(foreganipie by depositictoprbyatching sfeprevioaslyappiied memlliceoating.
used to det erm ne how that dinmension should be altered for any

gi ven batch of Weranic nateri al in order to achieve the required

resonant frequencyFor Féusens dflphysicd aundefectrical s@bility, dheimaterial of thelvereimay be geramic,
]E: ?lofnm ate the r equei.gr.eg rt?x?clrg\gavsel %gr\érenig | rrﬂgtrc]e%a? nsu]::}(x) rasalaI n?@én?ﬂxﬁﬂﬁaﬁﬁe-@?seﬁaﬂﬁterial.
magnesium calcium titanate, barium zirconium tantalate, and barium neodymium titanate.
or a combination of these. The preferred relative dielectric constant is upwards of 10 or,
15 indeed, 20, with a figure of 36 being attainable using zirconium-titanate-based material.
Such materials have negligible dielectric loss to the extent that the Q of the antenna is

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

A particularly preferred embodiment of the invention has a cylindrical core of solid

20 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. Thus, the core
may be in the form of a-tube having a comparatively narrow axial passage of a diameter
at most half the overall diameter of the core. The inner passage may have a conductive
lining which forms part of the feeder structure or a screen for the feeder structure, thereby

25 closely defining the radial spacing between the feeder structure and the antenna elements.
This helps to achieve good repeatability in manufacture. This preferred embodiment has
a plurality of generally helical antenna elements formed as metallic tracks on the oufer
surface of the core which are generally co-extensive in the axial direction. Each element
is connected to the feeder structure at one of its ends and to a ground or virtual ground

30 conductor at its other end, the connections to the feeder structure being made with
generally radial conductive elements, and the ground conductor being common to all of
the helical elements.

According to another aspect of the invention, an antenna for operation at a frequency in
35 excess of 200 MHz comprises a solid electrically insulative antenna core which has a
central longitudinal axis and is made of a material having a relative dielectric constant
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3
e oot e s himAreoneBR eanditady e oy, preftraii ks & copta SHermrl epesrasetipn in

as descri bed the axialadiveetivh, tviith ﬂfe@h&ﬁﬁxﬁ eleineﬁitgbéxﬁg éonductors platddosti the surface of
radi ati ng el enent truct re, ist

napce ¢
[ denti fied and me ofsmta S eBeos Y RS &R TR 68 GBI Slements exiending
associated with t hmg‘xaﬂhﬁlly RYesthe poitidreof the core having a constant external cross-section, and

a plurality of radial conductor elements connecting the longitudinally extending elements
10 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 necessarily radiate energy as they would when connected to a
transmitter, and to mean. therefore. elements which either collect or radiate
electromagnetic radiation energy. Accordingly the antenna devices which are the subject

15 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
20 at the above-mentioned opposite 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.
25
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 longitudinally extending elements to the conductors of the
30 feeder structure. Preferably, these longitudinally extending 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 core. In the case of an antenna
for circularly polarised signals, all four elements follow a generally helical path, the
35 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



WO 96/ 06468° WO 96/06468 REPLAGEMENT SHEET PCT/GB9S/01982
PCT/ GB95/ 01982 12

The, above-descri bed bal gn .he antenna, being plated on the
same core as th alntéﬁm "sLI is formed sinultaneously with
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to sumto zero. printed circuit board Smce the antenna is suitable for receiving not only circularly

polarised signals, but also vertically or horizontally polarised signals, it may be used not

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

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

15 suited in view of the unpredictable 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 operating wavelength in air A. the longitudinal extent of the antenna
20 elements, i.e. in the axial direction, is typically within the range of from 0.03A to 0.06A.
and the core diameter is typically 0.02A to 0.03A. The track width of the elements is
typically 0.0015A to 0.0025A, while the deviation of the meandered tracks from a helical
mean path is 0.00354 to 0.00654 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
25 0.03A to 0.06A.

According a third aspect of the invention, there is provided an antenna for operation at a
frequency in excess of 200 MHz, wherein the antenna comprises an antenna element
structure in the form of at least two pairs of helical elements formed as helices having a
30 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 ground _conducior. and a balun comprising a conductive sleeve located
coaxially around the feeder structure, the sleeve being spaced from the outer screen of the
35 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
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frequency. 3 and then removing portions of the coating to leave the predetermined pattern, or
alternatively 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

15 the pattern. Other methods of depositing a conductive pattern of the required form can
be used.

A particularly advantageous method of producing an antenna having a balun sleeve and
a plurality of antenna elements forming part of a radiating element structure, comprises

20 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 having a predetermined
nominal dimension which affects the frequency of resonance of the balun structure. The
resonant frequency of this test resonator is then measured and the measured frequency is

25 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 least one dimension for the antenna elements of the radiating element structure to give
a required antenna eléments frequency characteristic. Antennas manufactured from the
same batch of material are then produced with a balun sleeve and antenna elements having

30 the derived dimensions.

¥ — |

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

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

* (Be Aol fir insere)
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parallel to the central axis. Qher configurations are possible.

This sinplified structure is particularly applicable for cellular

nobi | e tel ephony. A notable advantage of the antenna for handhel d

nmobi | e tel ephones is that the dielectric core | grgely avoi ds detuni ng when

the antenna is brought close to the head of the user. This is in

addition to the adFigifccDRS dihgrafPlatic ek cross-séRiondTthe Afisisdaness. _

As for the feeder structure within the core 12, in some circunstances it

may be conveni ent to use a pre-fornmed coaxi al cable inserted -

i nside the passageFibfire 3istd¥rd rﬁﬁb'p%r%@&i\&' 6w of part of thentdrihd: REPLAUEMENT SHEET

core opposite to the radial elenmenfs 10AR to 10DR to nake a cqnreet+en

25 wth receiver circuitry, for exanple, in a manner other tHarn g%§the
a

direct connectign fFigufk 4 is a cut-awap peiipeétivel viewlof a harddofatssr | bgd MAY (1998
reference to Fig. 2. In this case the outer screen off tthe cable
shoul d be connected to the passage lining 16 at two, preferablly nore,

spaced _ appiglird D3 diftam of a test RPincludiMSthe 263BhaeAbf
Is enclosed in a protective envel ope which is typically

pl astics cover surrounding the antenna either with or without an
I nterveni ng space. Figure 6 is a diagram of an alternative test rig.

10

a thin

Referring to the drawings, a quadrifilar antenna in accordance with the invention has an
antenna element structure with four longitudinally extending antenna elements 10A. 10B.
10C, and 10D formed as metallic conductor tracks on the cylindrical outer surface of a
ceramic core 12. The core has an axial passage 14 with an inner metallic lining 16. and

15 the passage houses an axial feeder conductor 18. The inner conductor 18 and the lining
16 in this case form a feeder structure for connecting a feed line to the antenna elements

10A - 10D. The antenna element structure aiso inciudes corresponding radial antenna
‘elements 10AR, 10BR, 10CR, 10DR formed as metallic tracks on a distal end face 12D

of the core 12 connecting ends of the respective longitudinally extending elements 10A

20 -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
surrounding a proximal end portion of the core 12. This sleeve 20 is in turn connected to

the lining 16 of the axial passage 14 by plating 22 on the proximal end face 12P of the
core 12.

As will be seen from Figure 1, the four longitudinally extending elements 10A - 10D are
of different lengths, two of the elements 10B, 10D being longer than the other two 10A,
10C by virtue of following a meandering course. In this embodiment, intended for
circularly polarised signals, the shorter longitudinally extending elements 10A, 10C are
30 simple helices. each executing a half turn around the axis of the core 12. In contrast, the
longer elements 10B, 10D each follow a respective meandering course which is sinusoidal
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 having a predetermined electrical length. In the present embodiment, it is
35 arranged that the total length of each of the element pairs 10A, 10AR; 10C, 10CR having
the shorter length corresponds to a transmission delay of approximately 135° at the
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conprises a plur gf;[lt gxl)?a‘i‘gqﬁgﬁ\#ge%'le!%ﬂﬁéth?@ %Bmgﬁéﬁaﬁ%@%rﬁ@gé g‘%?’ flspety, Lhe
central diffeding lefgtheprodudeshofeqhired pirise shift conditiond for aiquadrifiar irtisl@ntenna
structure is C%i nf%l' gi%‘\ﬁarw ;t)orfargsgg signals spec:iﬁesda ﬁqﬁ?gxulss "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 10CR, 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
10 element pairs 10A, 10AR; 10B, 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.

15
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 sealing factor by which the path

length is extended by the meandering can be estimated using the following equation:-
20

2nn
Path length factor = [f ® de }1/2n
s cos{tan![an cos(n®)])
where:-

¢ is the distance along the centre line of the meandered track, expressed in radians;

a is the amplitude of the meandered path, also in radians; and
25

n is the number of cycles of meandering.

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

10A - 10D, the antenna has its highest gain for right hand circularly polarised signals.
30

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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An antenna according to any preceding claim wherein the material of the '
core I 5 & @Rméfefred embodigiint, the conductite sleeve 200 veril £prORInT] GRFELN 6F the

Frgt glr ?Lﬂm |75 3’?:;5 Iegn ; %ﬁoﬁ%ﬁ,ltggregvl seulrr%(t:.l}lcrhlng tl(l:eo eg e%rsl;[rugr[uet P 6e 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 cylinder having an axial length /g as show in
Figure 2 and is connected to the lining 16 by the plating 22 of the proximal end face 12P

10 of the core 12. The combination of the sleeve 20 and plating 22 forms a balun so that
signals in the transmission line formed by the feeder structure 16, 18 are converted
between an unbalanced state at the proximal end of the antenna and a balanced state at an
axial position approximately in the plane of the upper edge 20U of the sleeve 20. To
achieve this effect. the length /g is such that. in the presence of an underlying core matenial

15 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

foreshortening effect, and the annular space surrounding the inner conductor 18 is filled

2. wherein the core PSTIGRISOI982er
cylindrical envel ope which is

An antenna according to claim?2

)rq?ﬁp{mbl rj cal body which is solid
xi al "passage hausing tghe feeder structure.

to claim4. wherein the vol une of

with an insulating dielectric material 17 having a relatively small dielectric constant, the
feeder structure distally of the sleeve 20 has a short electrical length. Consequently,

20 signals at the distal end of the feeder structure 16. 18 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 €, of PTFE is about 2.2.)

25 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, to a
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

30 similarly constructed antenna. -

- The preferred material for the core 12 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.

35 The core may be produced by extrusion or pressing.
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plating 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 applied in a photographic layer similar
to that used for etching printed circuit boards. Alternatively, the metallic material may
be apolied by selective deposition or by printing techniques. In all cases. the formation
of the tracks as an integral layer on the outside of a dimensionally stable core leads to an
antenna having dimensionally stable antenna elements.

(V)]

10

With a core material having a substantially higher relative dielectric constant than that of
air. e.g. €, = 36. an antenna as described above for 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
15 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
20 MHz, the length of the balun sleeve 22 is typically in the region of 8mm or less.
Expressed in terms of the 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 balun sleeve: 0.042) or less, for the track width: 0.0024, and for the
deviation of the meandered tracks: up to 0.005X. Precise dimensions of the antenna
25 elements 10A - 10D 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.

In general, however, the longitudinal extent of elements 10A - 10D is between 0.03A and
30 0.06A, the core diameter between 0.02A 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
35 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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erosion may be used instead, small particles of abrasive material being fired from a fine

nozzle against the metallic portions to be eroded. An apertured mask may be used to
10 protect surrounding material.

A significant source of production variations in resonant frequency is the variability of the
relative dielectric constant of the core material from batch to batch. In a preferred method
of manufacturing the antenna described above. a smail sample of test resonators is

15 produced from each new batch of ceramic material, these sample resonators preferably
each having an antenna core dimensioned to correspond to the nominal dimension of the
core of the antenna and plated only with the balun, as shown in Figure 4. Referring to
Figure 4, the test core 12T, in addition to having a plated balun sleeve 20T, also has a
plated proximal face 12PT. The inner passageway 14T of the core 12T may be plated

20 between the proximal face 12PT and the leve] of the upper edge 20UT of the balun sleeve
12T or, as is shown in Figure 4. it may be plated over its whole length with a metallic
lining 16T. The external surfaces of the core 12T distally of the balun sleeve 20T are
preferably left unplated.

25 The core 12T is pressed or extruded from the ceramic material batch to nominal
dimensions, and the balun sleeve is plated with a nominal axial length. This structure
forms a quarter-wave resonator, resonating at a wavelength A corresponding
approximately to four times the electrical length of the sleeve 20T when fed at the

proximal end of the passage 14T where it meets the proximal end face 12PT of the core.
30

Next, the resonant frequency of the test resonator is measured. This can be performed as
shown diagrammatically in Figure 5 by taking a network analyzer 30 and coupling its
swept frequency source 30S to the resonator. here shown by the reference numeral 32T,
35 using, for example, a coaxial cable 34 with the outer screen removed over the length of
a short end portion 34E. End portion 34E is inserted in the proximal end of the passage
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Sij&datlt BE pbdXmAIFa& 12PT of the core 12T. and with the inner conductor of the cable

34 lying approximately centrally in the passage 14T to provide capacitive coupling 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.

of conductor
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pl ural

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 example. 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 of 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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5 for direct mounting of the antenna on a printed circuit board, as shown in Figure 2. For
example. if the antenna is to be end-mounted, the proximal 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
10 conductor sleeve 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 A/4. As
a result. the edge 20U is electrically isolated from ground. Currents in the helical
15 elements 10A to 10D flow annuiarly at the upper edge 20U to sum to zero.

It is possible 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 antenna core 12. Thus, a balun can be effected by dividing

20 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 parallel-
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
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
anpular 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

30 outwardly from the inner passage 14 of the core to meet the annular conductor at the outer
edge of the end face 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 connection to the annular ring is arranged to be A/4 (electrical length) at the operating
frequency.

35 REPLACEMENT SHEET

23 MAY 1998




18. An antegng, rding to cl.aim 16, wherein the feeder stru
conpri ses a coaxi g‘f&cabl e housed in a passage through the coreﬂ#{@”’o

havi-ng a screen conductor coupled to the conductive sleeve at the said

opposi te end. WD 96/ 06468 PCT/ GB95/ 01982
22. An antenna according to claim21 incl ugli;ng an integral balun forned
by a conductive sl eeve extending over rt of the length of the

core froma connectjon with the der struycture at tE}g_l scf)\i,d
opposite end of tHsle ﬁhesearrangemerssgexﬁgure ROIERR {08 Srg s¢dsignals.pSuch an
22, wherein the bahttfns ise8%Fsehsitive té Bsthcmmm and honzo:ﬁﬂll‘fiﬁéiaﬁkecf §Endl§) Dut uniess

'ongi tudinally eXttﬁQ grlltgrgna(ig Qp%gﬁ't ca.lrly mten e for c1rcu arl\\lfwga% a%lsgd ;1ggal£ etﬁg gz{lun arrangement
can be omitted. The antenna may be connected directly to a simple coaxial feeder, the

5 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 10A - 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 it is merely sufficient that the antenna element

10 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
structure comprising two or more antenna elements each with an upj)er radial connecting
portion as in the illustrated embodiment, but also with a similar lower radial connecting

15 portion and with a straight portion connecting the radial portions, parallel to the central
axis. Other conﬁguraﬁons 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 addition to the advantages of small size
20 and robustness.

As for the feeder structure within the core 12. in some circumstances it may be convenient
10 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

25 with receiver circuitry, for example, in a manner other than by the direct connection to a
printed circuit board described above with reference to Fig. 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.

30 In most applications the antenna is enclosed in a protective envelope which is typically
a thin plastics cover surrounding the antenna either with or without an intervening space.
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structure cdh‘pr9'619@1§8a coaxi al line having an inner conductor aPCI/GBISAISEY
SCreen conductor, the C(')ndll("rixl_g._13| eeve of the bal un being

connect éd at the said ofpREpLALERENT SHEET the core to the feeder
structure outer screen Het0f— 0 24. An ant enna

according to any of cl aijns effeifn thejqgcore is a_solid

cylinder, and wherein the an%énﬂé\?apﬁerta onprise at |east four

| ongi tudi nal ly extendin el ements jon dihenyg! i ndri caummlml“eﬂm @B“'
of the core and correspojndi ng rad| al el entnts on a

of the core connecting t ‘extending el enents to the

conductors of the feeder ghhsehnd fero erauon atafreq%@ncv in exeéssmt)'}é}licé‘diﬁﬁiﬁﬁﬁgan
to claim 24, wherein the |ongjtudinally extend eemen(gl are of
£

di fferent |engths. electr:calhgglsul@gve antenna Aﬂrea‘Pﬁ %M?gerbﬁlé’éf"@igrﬁgrql?}“(ﬁ l¢eyis constant

wherein the ant E?ﬁ”@re@t%ﬁﬁ&ﬂtss a%@&lﬂin%sfoﬁﬂlramenna ejement SRnire dispatddion or adjacent the
extendi ng el enents; two of ch are of _greater |l ength than the, ot her

by virtue of foll thPFgF“Ffé‘éﬁl‘éféh%EPfE&{lﬁgebe ng AR IYEAQY Volyne.And e@?ﬁé“'&‘%‘?‘éﬂ S Which is
An antenna accor di fghriebred k@ th® eldmih QirBétireeafd padbesithfoulh Wie 28 0thk Wethdt#dl oY the core

occupying the major part of the said interior volume.

10 2. An antenna according to claim 1, wherein the antenna element structure
comprises a plurality of antenna elements defining an envelope centred on a central

longitudinal /axis of the antenna. and wherein the feeder structure is coincident with the
said axis.

15 3. An antenna according to claim 2. wherein the core is a cylinder and the antenna
elements define a cylindrical envelope which is coaxial with the core.

4. An antenna according to claim 2 or claim 3, wherein the core is a cylindrical

body which is solid with the exception of an axial passage housing the feeder structure.
20

5. An antenna according 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
elemer:ts. with the elements lving on an outer cylindrical surface of the core.

25 6. An antenna according to any of claims 2 to 5, wherein the elements comprise
metallic conductor tracks bonded to the core outer surface.

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

30 _
8. An antenna according to claim 7, wherein the relative dielectric constant of the

material is greater than 10.

9. An antenna according to claim 1, having a cylindrical core of solid material with
35 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.



25 extendin s f
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course which deviates t

el enents are

29. An ant enna accor

oll.ow a_res ect i ve generally heli cal
RErghementss ¢ fol lowi ng a respecti %&r‘fﬁg%”%g

)
Ms“dé’ a helm

28. An antenna accoydi ng to any of [clifainms 24 to 27
30 sijmi e<aMAX 1998 agkg whi cE are aII
al st

ant enna

0.03[err] to 0.06{@rr7,

i ng to any pr

c¢ding ¢Paim havihg ‘a & urﬂ
elenents with a ['ong]

li nal extent in the range of from
claim 9. wheysin thy ¢oge i thgfgam & a tbe

fromO0.02[err] tOhéluQé»hﬁrakial gaﬁa@éeeof{aedlaﬂnetei kbﬁﬂﬁa%rmr SRl Edigingte? the vgner
35 antenna in air. 68
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10

passage havmg a conducuve lining.

11. An antenna according to claim 9 or claim 10, wherein the 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 axial
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.

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

20

35

19.
4.

elements. N
2 NSernn
S WK @ﬁf‘“ﬁ"m fiv ingign)

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 through the core on the central axis, and. disposed on the outer surface of the
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.

20 - 9

+5 An antenna according to claim 1#, 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. |

20, 20 - .
16. An antenna according to claim 45; wherein the antenna elements compnse a
plurality of conductor elements extending 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.



30. An antéenna accor di ng to claim29 and claim 22 or claim23 wherein the

| ength of the balun sleeve is in the range of fromO0.03[err] to
0.Q6[err]. : 31. An antenna for operation at a frequency in
excess of 200 MHz. conprising an 5 antenna el enent structure in the
formof at least two pairs of helical elenents forned as hel i ces

havi ng a common central axis, a substantially axially |ocated feeder

structure having an inner feed conductor and an%
conductor with each helical el enent fﬂw one end couple
distal end of the feeder structure and 1ts other end congmﬂﬂ a
common ground or virtual ground conductor, and a balun c "M"’H”’U”i
conductive 10 sl eeve located coaxially around the feeder“st¥uotu

sl eeve bei ng spaced fromthe outer screen of the feeder structure
by a coaxial |ayer of insulative material having a relative

di el ect & confd ant A Gafknta ddtardifg to'\tlaln 1 ahBFeh 'tﬁ@hnt%maféleﬁwbﬁt & ;eVided
connect ——To the feeder s‘lfiir'u"c'f‘u' r""e 0"‘t“_u er screen. Sf 15
32. itk asubstantially bal 9 @dr ei n t he sl eeve conductor of

t he bal un forms the common ground| ng conductor, with each heli cal
el enment termnating at a distal edge of the sleeve.

15. _An antenna according to claim 14, including an integral balun.

a_conductive sleewwummmﬂem_a.
connection with the feeder structure at an end thereof opposite to its connection
with the antenna element structure.

_17.__An antenna according to claim 16, wherein the feeder structure is formed
‘ | as the combination of (a) an inner conductor and an insulative sleeve housed in a

passage through the core, and (b) a coaxial screen conductor formed as a lining

on the wall of the passage, the screen conductor being coupled to the conductive
sleeve at the said opposite e nd.

18. __ An antenna according to claim 16, wherein the feeder structure comprises

_a coaxial cable housed in a passage through the core, the cable having a screen
conductor coupled to the conductive sleeve at the said opposite end.
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33. An ‘aW@PG1E5468 cor d[Ti FLL‘R(‘EIMQN?S%E rein the distal eddrRCEGEBSINI82
sl eeve is open 20 cirgu g dnd-the-compn conduct or
of .t he ‘feeder structure. ' '

34. - Radio connunlc
havi ng an antenna accordi g}t @ &MADHABedi n cla ﬂﬁﬂﬂm mﬂﬁ"’
antenna is nounted directllyjon a printed cif{cuiteboard fo¥
t he appar at us. 2%, 35. A nmet hod efy manufacturing an antenna

as claimed in any pgecedi wEﬁfFﬁrﬁﬁsiﬁquxﬁé%QﬁteEMbalﬁl%ﬁﬁed by a
core fromthe dielectric, 1rzrg]ﬁerl ‘al mstaITl Si

ng.the e
surfaces of the corc8ndHYs aerys ?"EF“&S‘“}&‘@’G&P@F ﬂ%g ‘HEEF“EE’( fé£1?1°°re from a gopnggtion with the

A met hod accor di ng fedet kididtrdat thihRiEopposii€enbethk sl | on step incl udes
coating the external surfaces of the core with a netallic materi al

and renoving portiggs of the coating 4¢g | eave the predetermn ned

pattern. 5 $837. AMM%@C&&&QWH%W \Gﬁéélﬁ‘d@ébaltﬁﬁ@é@&ﬁoﬁﬁﬁhe common
netallisation step i ngl udes a mask containing a negative of

the said predet er nicRBaUGIeK 108 the @ﬁ&“ﬂ@ﬂ%‘&‘f ?’F‘F@dlﬁg conductor elerpents. 3nd Wasreipthg feeder
on the external surstraefe @bmipHSesCar@akfal liMeUsdvittt bHSinH&S KonductBSénd an outer screen

conductor, the conductive sleeve of the balun being connected at the said opposite end of
the core to the feeder structure outer screen conductor.

2L . 9 23

19 An antenna according to any of claims +4*to 18% wherein the core is a solid
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 connecting the longitudinally extending elements to the
15 conductors of the feeder structure.

T

10

25. 2. :
20. An antenna according to claim t9. wherein the longitudinally extending

elements are of different lengths.
26 - 25
20 21, An antenna according to claim 26: wherein the antenna elements comprise four
longitudinally extending elements. two of which are of greater length than the other two
by virtue of following meandered paths on the outer surface of the core.
yal _
22 An antenna according to claim 2t. wherein each of the four longitudinally
25 extending elements follow a respective generally helical path, the longer of the two
elements each folloWing a respective meandering course which deviates to either side of
a helical centre line.

28 . 4 27

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

24. An antenna according to any preceding claim, having a plurality of antenna

elements with a longitudinal extent in the range of from 0.03A to 0.06A, the core diameter

being in the range of from 0.02A to 0.03A. where A is the operating wavelength of the
35 antenna in air.
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that the netallic materidl fTS applied ac¢ofding to the pre g
pattern. 38. A petiad 1998 mndif act uring a pl uﬂmmﬁmmm "III I““l
antennas as clained in ary jof clains 22,..23 and 30 te LW s oW
conpri sing: -

: 7 . : :
_ providing a Ratclt 'of the _dielectr mat eri al :
making fromthe ba&h at % 2%

east .one tes en core, . .
forming a bal un st®uct uré %@Fm*ﬂarawgﬂ?evs%\}m&nsm

a pr edet erdgfitheBal®sledvdl is th tRTahE oforR 0,08 ©a).86X.he frequency of
resonance of the bal un 10 structure: nmeasuring the

resonant frequencyzf,0 derive an adjusted value of the balun sleeve
di mensi on for obt @§)i Ng aAd &fietinader diekationSdt b ffdquérity i eR0es3of 200 MMHRCAOmpiHthg an
to derive at I ealgt one di nmensi on for ft he antenna el goent s % Vi nt% a
required antenn & cAntenna element structure in the form of at least two pairs of helical elenents 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 ground conductor. and a balun comprising a conductive
10 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.
2. 3
15 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 sieeve.

g;.. An antenna according to claimgSl: wherein the distal edge of the sleeve is open
20 circuit, and the common conductor is the outer screen of the feeder structure.
EAS . . . L .
29. Radio communication apparatus having an antenna according to any preceding
claim. wherein the antenna is mounted directly on a printed circuit board forming part of
the apparatus.
2 35
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.
2b . 35 : . .
30 3k A method according to claim 36, wherein the metallisation step includes coating
the external surfaces of the core with a metallic material and removing portions of the
coating to leave the predetermined pattern.
37 35 _
32. 'A method according to claim 36, wherein the metallisation step includes
35 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



frequency ChaVOBHsHSt | pumand 15 manuf act uri ng f REHVEBRS/03Me

batch of material a plu aBERL)ACENfE:'&ntS(ﬂEppsI wth a bal un sl eeve and
antenna el ements ‘havi ngjt h@“"der"rveekdl nsi ons. 39. A et hod
according to claim 38, ?Hg%e test core is cylindrical and is made

wi th an axi al passage. pnfg met al 18sed over a section thereof
which is 20 coext enbki ke~wi-th 'rhe b n sl eeve. 40. A

met hod accordi ng t pofion 6T B8 corelse tii thet ie piat€riel & pplied hdcoeding & the peéedetermined
made wi th an_axi . he passage is netallised over the
whol e of its |engtRauem 25 41, A met hod according to claim39 or

claim40, wherein t sai d sl eeve di nension is its axial |ength.
the sai d di mensi on3Pog,  AmeliSt REMaRaHALREH SRR Of SEHES PERGURCHM 2 of claims
| east sonme of the af Hhmd é @8ndomprising:- 30
providing a batch of the dielectric material;
making from the batch at least one test antenna core;
forming a balun structure by metallising on the core a balun sleeve having a
predetermined nominal dimension which affects the frequency of resonance of the balun
10 structure:
measuring the resonant frequency to derive an adjusted value of the balun sleeve
dimension for obtaining a required balun structure resonant frequency. and to derive at
least one dimension for the antenna elements giving a required antenna elements
frequency characteristic; and
15 manufacturing from the same batch of material a plurality of antennas with a
balun sieeve and antenna elements having the derived dimensions.
b7 xR
3. 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
20 coextensive with the balun sieeve.
40 o 3€
35. 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 the whole of its length.

. % 40
25 36 A method according to claim 34 or claim 35, wherein the said sleeve dimension
is its axial length.
2. AR w o
7. 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.

0 y3 34 4l _
38. A method according to any of claims 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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43. A et hod accor di ng to any of clainms 39 to 41, wherein the said

di mensi on for the antenna elenents is the axial extent of the
antenna el enents, the said axial extent being the sane for each of
the antenna el emen ; ' ANNEXURE 3  44. A portable

t el ephone for hand jﬁé"-ﬁgwgmjé Terci es greater than 500_MHz _including an
antenna whi ch conpfikes an electrijcglly insulative core of a solid materi al

having a relative Hipl @3 MAY 998stlarit greater than 5. anjmml !I Jlm”"l
di rensi onal antennp El enent struct ureqﬂmjgg or adj
surface of the cor mad—defTni g an jinterior volume, the material of the
core oc_cupyi ng thelmajor _part of thg said interior volune

;}Q‘K'\( 44. A portable telephone for handheld use at frequencies greater than 500 MHz, _

including an antenna which comprises an electrically insulative_core of a solid
material having a relative dielectric constant greater than 5. and a three-
- dimensional antenna element structure disposed on or adjacent the outer surface
of the core and defining an interior volume, the material of the core occupying the

major naf’f of the said interi

45. A portable telephone according to claim 44, wherein :

the core is cylindrical and has distal an i ,
the antenna includes an axial feeder structure and

the antenna element structure comprises two or more antenna elements
extending from one end face to the other, and radial elements on said end faces
connecting the antenna elements to the feeder structure.

46. A portable telephone amodingio claim 44 or claim 45 wherein the

material of the core is ceramic and has a relative dielectric constant greater than
J0.

47. A portable telephone according to claim 44, having a feeder structure

which passes through the core and is connected to the antenna element structure,

wherein the core is solid with the exception of a central passage hous’ingthe feeder
structure. '

48. A portable telephone according to claim 47 wherein the core is cylindrical

and has an axial extent at least as greater as its diameter, and with the diametrical

extent of the solid material being at least 50 per cent of said outer diameter.




45. A portabl e tel ephone.according to claim44, wherein: t he
.core is cylindrical and has distal and proxi mal end faces, t he
antenna includes an axial feeder structure and t he antenna el enent
structure conprises two or nore antenna el enents extending from one end
face to the other, and radial elenents on said end face I t he
antenna elenents to the feeder structure. 46. A port t el ephone
according to claim44 or claim45 wherein the naterlal Bhﬁ ﬂﬂﬂ' u”'"""
ceramic and has a relative dielectric constgnt greater t

portabl e tel ephone according to claim44, having a feeder structure vihi ¢h
passes through the core and is connected to the antenna el ement structure,

wherein Lhe Coip, i S Aol blbphBfie 35E5RING18 Blims4 GHerah 1RSSR R PSS
axis and said antenna element structure comprises i

which are generally co-extensive in the axial direction.

50..  Aportable telephone according to claim 44, wherein the core has a central
axis and the antenna has a feeder structure extending through the core on the
central axis, said antenna element structure comprising 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
gonductor, |

51. A portable telephone according to claim 50, wherein_said common
interconnecting conductor forms a'groundinggonductor forms a grounding for the
antenna elements.
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(54) Title: AN ANTENNA

(57) Abstract

elements (10A - 10D) on the cylindrical surface of the core (12)

An antenna for use at UHF and upwards has a cylindrical ceramic
core (12) with a relative dielectric constant of at least 5. A three-
| dimensional radiating element structure, consisting of helical antenna

connecting radial elements (10AR - 10AD) on a distal end face (12D)
of the core, is formed by conductor tracks plated directly on the core
surfaces. At the distal end face the elements are connected to an axially
located feed structure in a plated axial passage (14) of the core (12). The
antenna elements are connected together by a plated sleeve (20) covering
.a proximal part of the core (12) which, in conjunction with the feeder
structure, forms an integral balun for matching to an unbalanced feeder.
Since the ceramic core fills the major part of the interior volume defined
by the radiating element structure, the antenna is very much smaller than
-an air-cored antenna. It is also mechanically robust and electrically stable.

and




50. A portabl e tel ephone according to claim44, wherein the core has a
central axis and the antenna has a feeder structure extending through the
core on the central axis, said antenna el ement. structure conprising a
plurality of antenna el ements 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 comon interconnecting conductor. 51. A portable

t el ephone according to claim50, wherein said conmon interconnecting
conductor forns a groundi ng conductor forms a groundlng for the antenna
el-ements. _
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