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25 of the dipole causing a esidual reflected return signal to appear at the antenna input.
This retumn reflection is often referred to as “ringing” or may be referred to as “aperture
) " clutter” since it clutters/obscures the aperture of the antenna.
Pulsed UWB transceivers are often employed in applications such as short-
distance positioning, or length measurement etc, where a pulsed e/m signal is transmitted
30 from the transceiver and its reflection subsequently received after a very brief time period.
Such applications require that the entire e/m signal pulse has exited the antenna of
the transceiver before any reflection of that signal is expected to be received. This aims
to ensure that the transmitted signal does not interfere with its received reflections and
thereby obscure the positioning/measurement process.
35 However, ringing/aperture clutter results in just such obscurement and is highly
undesirable,

Prior art pulsed UWB transceiver systems have attempted to overcome this
problem by adding e/m signal absorbing material to the ends of the dipole antennas



t hereof or by |loading the antennas with a distributed series of resistors
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preferably, the meanders of the slant edge (eg.
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30 such that the Qfactor of the antenna is minimised thereby reducing aperture clutter by
reducing the relative magnitude of a signal reaching the terminal {open-circuit) end of the

slant edge where signal reflection tends to occur — this being the source of aperture

clutter. The Qfactor of the antenna is proportional to the ratio of: the electromagnetic

energy stored in the antenna due to the signal propagating within the antenna; and, the

35 rate of loss of e/m energy from the antenna due to the signal propagating along the slant
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rate of energy loss 3 Thus, the relative nmagnitude of a signal reaching the
termnal outer end of the slant edge (i.e. relative to the nagnitude of that
signal at the input/beginning of the slant edge) is sensitively dependent
upon the rate of |oss of energy fromthe signal during propagation along
the sl ant edge. By suitably shaping the neanders of the slow wave 5
structure, the present invention may enhance the rate of radiative ener gy
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radiating element tapers outwardly therefrom whereln a slow-wave structure (e g. a series
25  of semrrations) is formed in a slant edge so as to extend along the slant edge thereby to
form a slow-wave structure for a signal propagating along the slant edge.
) The signal ©(x,t) propagating along a slant edge (e.g. dimension “x”) at time “’
may be represented by the following equation:
¥(x,t)= Aexp(—j®(x,1))
30 where M(x,t) is the phase of the wave representing the signal, and:
O(x,t) = Bx — ot
where ? is the angular frequency of the signal and 3 is the propagation factor
which, for a given signal frequency ? is related to the phase velocity v, of the signal by

the relation:
35 Vin = T3, thus, @(x,0) =w(x/v,, —1).

A slow-wave structure is formed in a slant edge by shaping the slant edge in such
a way that, in response to changes in signal frequency, the rate (9®/ dw) of the resulting



a way that, in response to changes in signal frequency, the rate (ads/ aw)
of the resulting 4 change in the phase of the wave at a given point al ong
its propagation path (i.e. the slant edge) is reduced. This signal phase
mani pul ati on nmay be applied to the serrated/corrugated slant edge(s) of the
present invention by shaping the corrqpatlon/serratlons of the slant edge to
5 be either constant in size/scale, or to increase in size/scale with
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edge, Preferably, the slow-wave structure is a series of serrations which may form a
series of contiguous notches which extend into the radiating element from the slant edge.

30  Serrations in the series may be shaped to terminate at the convergence of two tapering
serration edges forming a single serration tip.

It is most preferable that successive serrations/ corrugations are shaped and/or
arranged within the series such that each serration/corrugation of the series
electromagnetically couples as little as possible to neighbouring serrations/corrugations of

35 the series in response to a signal propagating along the slant edge. Minimising such
coupling enables each notch/serration to perform its function almost independently (as far
as possible) of the function of the notches/serrations neighbouring it.

This de-coupling, or minimal coupling, is preferably maintained or approached by
shaping each serration to terminate in a serration tip formed by the convergence of two



as possible) of the function of the notches/serrations neighbouring it. This
de-coupling, or mnimal coupling, is preferably maintained or approached by
shapi ng each serration to termnate in a serration tip fornmed by the
convergence of two 5 serration edges at an angle of between about 75 to
about 105. It has been found that sugﬂ a tip angle reduces inter-serration
e/mcoupling w thout significantly reducing the other benefits of the
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given notch or sefration is spaced from the feed-point is preferably a distance measured

along the slant edge of the antenna’s radiating element but excluding the lengths of other
notches/serrations of the series intermediate the feed-point and the given notch/serration
30 (i.e. the distance being measured along the slant edge as if the/any intermediate
notches/serrations, which have edges, were absent.
The location of a given notch/serration may be measured from the near most edge
of the notch/serration at the slant edge, or from the far most edge thereof or from the mid-
point between opposing edges of the notch/serration at the slant edge.
35
However one chooses to measure the aforesaid distance f in respect of each
slot/serration (i) in the series, the log-periodic nature of the series is such that:
r../f; = constant, as between a given notch/serration “i" at the successive neighbouring
notch/serration "i+1” where the ratio value is a constant greater than 1 (one).



poi nt between opposi ng edges of the notch/serration at the slant edge. 35
However one chooses to neasure the aforesaid distance ¢ in respect of each
slot/serration (i) in the series, the |log-periodic nature of the series is
such that: r;.1/r, = constant, as between a given notch/serration '"i' at the
successi ve nei ghbouring notch/serration 1+1" where the ratio value is a
constant greater than 1 (one). 7 The widths of the notches/serrations of
the series may be chosen to scale log periodically along the series. That is
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25  that the radiating element tapers outwardly thereform, wherein the radiating element has
a distal peripheral edge bridging the terminal outermost ends of the two slant edges

) thereof which recedes towards the feed-point at the mid-region thereof so as to shape the
radiating element into two symmetrical lobes which diverge with increasing distance from
the feed-point.

30 The invention, in its second aspect, may also incorporate the features of the
invention in its first aspect including none, some or all of the aforementioned variants,
preferable features and alternative features of the first aspect of the invention. In its
second aspect the radiating element may be combined with a ground plane conductor to
form a monopole antenna.

35 At low signal frequencies, the radiating element of the invention in its second
aspect behaves as a simple monopole (when combined with a ground plane). As the
signal frequency rises, the symmetrical lobes of the radiating element tend to bifurcate the
signal into two slant polarisations defined by the divergent orientations of the lobes. This
has the beneficial effect of maintaining a wide elevation beam width of radiated signals



preferable features and alternative features of the first aspect of the
invention. In its second aspect the radiating el enment nay be conbined with
a ground pl ane conductor to forma nonopole antenna. 35 At | ow signal
frequencies, the radiating element of the invention in its second aspect
behaves as a sinpl e nonopol e (when conpined with a ground plane). As the
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In ancther aspect of the invention there may be provided a monopole antenna
having a radiating element and a ground plane conductor structure defining a non-planar
30 ground plane surface being deformed such that parts of the surface are disptaced, relative
to other parts thereof, towards the radiating element.

For example in a third of its aspects, the present invention may provide a

menopole having a radiating element and a ground plane conductor defining a ground

35 plane surface which includes: a substantially planar first surface portion arranged
nearmost the radiating element to face the radiating element; and, a second planar
surface portion extending away from the first surface portion so as to be non-coplanar
therewith and so as to face generally towards the radiating element. In facing generally
towards the radiating element, a normal to (and extending from) the second surface



30 ground pl ane surface being defornmed such that parts of the surface are

di spl aced, relative to other parts thereof, towards the radiating el enent.
For exanple in a third of its aspects, the present invention nay provide a
nonopol e having a radiating el enent and a ground pl ane conductor defining a
ground 35 plane surface which include§: a substantially planar first
surface portion arranged nearnost the fadiating elenment to face the
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t he/ cancelheenhvpiength of atrhdiated signal. In such cases the signal radiated by the antenna is
slightly reduced in magnitude due to such cancellations since the cancelled part of the
reflected signal no longer centributes to the whole signal. By varying the separation one
30 ensures that such resonance occurs only at a very small region of the antenna where the
half-wavelength separation only occurs regionally.
Preferably, the first part of the ground plane across which a face of the radiating
element extends, and the second part relative to which it extends perpendicularly, meet
each other at an angle of from 90 degrees to 120 degrees thereby resulting in a
35 separation between the first part of the ground plane and the radiating element which is
either constant (80° angle) or increases with increasing distance from the feed point
(angles between 90° and 120°). |
In a further aspect the present invention may provide a monopole antenna having
a radiating element and a ground plane conductor structure defining a non-planar ground



reflected signal no |onger contributes to the whole signal. By varying the
separation one 30 ensures that such resonance occurs only at a very snal
region of the antenna where the half-wavel ength separation only occurs
regionally. Preferably, the first part of the ground plane across which a
face of the radiating elenent extend and the second part relative to
which it extends perpendicularly, neet each other at an angle of from 90
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j The non-coplanar surface portions, and the non-coplanar surface regions within
the outer surface portion may be defined by, or joined at, e.g. by a fold/bend or other
shaping in the ground-plane structure. This aspect of the invention may also include the

30 features of the invention in any one of its first, second and third aspects including some,
none, or all of the variants and preferably features thereof as discussed ahove in relation
o those other aspects.
The electric field of the monopole antenna, in use, emanates from the radiating
element and terminates at the upper surface of the ground plane conductor. However,
35 when terminating at the peripheral edge of a ground plane conductor, such fields often
induce stray currents which, in turn, may induce stray currents in the underside of the
periphery of the ground plane. Consequently, stray electric fields which emanate from the
stray currents at the ground plane underside may interfere with the antenna signal feed
input at the underside of the ground plane. This is undesirable.
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of the ground plane from which it extends (e.g. defining a semicircular surface}. In such a
case the ground plane structure may possess radiation absorbing material (RAM) located
30 between those parts of the non-planar region which face in opposite directions, and most
preferably the RAM extends across sufficient area of the underside of the ground plane
conductor structure (i.e. the side opposite to, or reverse to, the aforesaid ground plane
surface) that said peripheral edge portions of the non-planar region (or its underside) are
not exposed to the underside of the outer surface portion of the ground plane surface at
35  least.
Preferably, the outer surface portion extends away from the central surface portion
at an angle of no more than 90° relative to the piane of the central surface portion (i.e. an
angular displacement of the outer surface portion, relative to the central portion, not

exceeding 90 degrees).
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25  serrations so as to increase the rate of radiative loss of energy from a signal propagating
along the slant edge. Serrations may be shaped to terminate at a convergence of two
J tapering serration edges forming a single serration tip. For example, the method may
include shaping serrations in said series of serrations with a common shape such that
corresponding dimensions of successive serrations increase log-petiodically whereby the

30 ratio of said corresponding dimensions as between successive such neighbouring
serrations has a constant predetermined ratio value, The method may include shaping
said serrations to terminate at a serration tip formed by the convergence of two serration
edges at an angle of between about 75 degrees and about 105 degrees (e.g. about 90
degrees).

35 As a specific example of such log-periodic shaping, the method may include
forming said serrations such that the length of an edge of any given serration of said
series of serrations exceeds the length of the corresponding edge of the preceding
serration of the series such that the ratio of said lengths in respect of successive
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) The method of producing an antenna according to either the fifth or sixth of its aspects
preferably includes providing a ground plane conductor from and arranging the radiating
element to extend substantially perpendicularly relative to the ground plane, or arranging

30 the face or plane of the radiating element to extend across the ground plane conductor,
thereby to form a monopole antenna.
in yet another aspect of the invention there may be provided a method of
producing an antenna including providing a radiating element and a ground plane
conductor structure defining a non-planar ground plane surface deformed such that parts
35 of the surface are displaced, relative to other parts thereof, towards the radiating element.
For example, in a seventh of its aspects the present invention may provide a
method of producing an antenna including providing a radiating element and a ground
plane conductor and shaping the ground plane to define a ground plane surface which
includes a substantially planar first surface portion arranged nearmost the radiating



The met hod according to the invention in its sixth aspect preferably

i ncludes shaping the md-region of the distal peripheral edge such that it
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extends into the radiating elenent with an 25 apex angle | ess than about 90
degrees. The nethod of producing an aDtenna according to either the fifth or
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I nvention plgﬁé/ cgnd%cgor %efanlng a groung plrﬂle su ace %hlch includes: a substantially planar
) central surface portion arranged nearmost the radiating element the face of the radiating
element; and, an outer surface portion which contains a peripheral part of the ground
plane surface, wherein the outer surface portion extends away from the central surface
30 portion so as to be non-coplanar therewith and to face generally away from the radiating
element.
The eighth aspect of the invention may also include the features of any one of the
fifth, sixth or seventh aspects of the invention, including some, none or all of the variants
and preferably features thereof.
35 The method may also include forming the outer surface portion so as to extend
away from the central surface portion at an angle of no more than 90° relative to the plane
of the central surface portion (i.e. an angular displacement of the outer surface portion,
relative to the central portion, not exceeding 90°).



nonopol e antenna including providing a radiating el ement and a ground pl ane
conductor structure defining a non-planar ground plane surface being

def ormed such that peripheral parts of the surface are displaced relative
to other parts thereof, away fromthe radiating elenent. For exanple, in an
eighth of its aspects, the present inggntlon may provide a 25 nmethod of
produci ng an antenna including, providing a radiating el enment and a ground
bl e conduct ofodRhkid Wafiodt ile R ARG SHEAAGE SR Al C LiklERe Sy
substantially p PERar 9 cent P A on arranged nearno 239 e

radi ati ngfﬁéWéﬁ%ﬂﬁPﬂtet@CP'aB@Ym Qf%ngsadWﬁtChng el errent and, an outer surface

portion which gigntifistiated tREFAdRIDAY BlerRAr f @hohb&lé)é@tﬁﬁwb u;ﬁ&tﬂﬂﬁngsﬁt{rﬁ ace,
wherein the oy ter surf ce portion extends away fromthe central surface 30

portion sd4t P‘S”%‘é‘”tﬁ% Copl anar therewith and to face generally away from
t he radi ati ng Figl2eritustrate¥Hiee eddigiing edaspant of of motapolengenriaoiegethr witse i ncl ude

the feat ugRpn® Iaﬁé‘&’orfaﬂ&opf)eﬁ\@ﬁlané bér"ahat th%té@shth or seventh aspects of the
i nvention, includi riants preferably

a
features theredES: 2@% ﬁgmﬁt%ad%&vwa%ﬁemePe%%attsmﬁfﬂgF'& & outer surface
portion so as Figs.8xt3bndkc, 3dway 3& each ilustrateasidenddwssaf aframrepplerantenna, atithaan angl e
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(i.e. ngu |sp acenent e outer sur ortion, relative to the
cent r ép port i offg- fofiugiaiessdimagormly anterna wWittha|greHnd; H@[‘eefﬁliiﬁﬁlségh Bet e present
i nvent i onrAaidihdg efeovenbex@ede helpeddivvldry freed @hene@ therebt) eandctbenpenyi bg dr aw ngs

I n whi ch: Et%ugnalelérlnen‘t%&{eﬂ%see?ﬁreggeantﬁg% eedé&gﬁrgbﬁafaf a monopol e ant enna

upst andi ng illustrates the
radi ating el enifit4bothoys st p’dﬂVeOfé!’tﬁW@atobﬁlét“ﬁer with a ground plane

conduct or bei Fig.4p) za;nawdow etdweéndé. fiewswi 4 hmnoﬁalegénterm edvihg2eiold drusfoldat e si de
Vi ews he nmno o € ante ?,re each

il ust at e essltrél'gur \X/se orR bd’ 'he thS eopWh' e%'ﬁ%a“%\fnat%dnéon %](rﬂgeu‘ri’n%['pg rgﬂ%m%onduct or
ei t her f| adgexf therownd! nlanedtom @ﬁeaﬁlat@@ﬁfewm%fﬂmmennﬁo Fig. 4aillustrates a
monopol e ant enn ¥4 bRd af LSS Rhanesel & e thohidBdle tnGnnk Mhich BdigaddnBg el ement

ext ends pe n art thereof, and the face of the antenna
el enent eQ Olg‘?:cl’ éy%@%%ag "%f the ground plane: Fig. 4b shows a
si de vi ew of tIFlg anth bl illo$traté qodapold-anfedias Mling redgrdends blame sordiaicter ews of a
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pl ane t her eof | aces a portio peri ﬁ_ﬁera out er edge of the
ground plane fiiga e E}%&gsérlateﬂaorgpglﬁ@,ntenaq\s ?ft?e"aéﬁtye' YategiinyFigg.Saad 4
i |l ustrat ésrespelgigelyyse of t he nonopol e antenna whi ch the ground pl ane IS

folded, or has 5‘ } Qntoqu'é #1%\1%505&1%&{&1% éaogée%smé% FhaRard diRfrtofiediorol €
ant ennas haV|ng
in the antenna structure ltlustrated in Fig. 4a but with the outer peripheral edge of the

25 portion of the ground plane conductor across which the face of the radiating element
extends shaped into a semi- circular edge;
j Fig. 8 iustrates a Smith Chart recording the impedance of a monopole antenna as
a function of signal frequency.
In the figures like elements have been given the same reference sign for
30  consistency.

Referring to Fig.1 there is illustrated a monopole antenna 1 comprising a planar
radiating element 2 comprising a substantially flat sheet of conductive material generally
shaped as a segment having two opposed slant edges 6, which diverge outwardly from an
apex of the segment. The antenna radiating element 2 has a signal feed-point 5 # the

35 apex of the segment.

The two opposed slant edges 6 diverge with increasing distance from the antenna
feed-point 5 such that the radiating element 2 tapers outwardly from the feed-point. The
radiating element possesses a distal peripheral edge (8, 9 and 10) which bridges the



20 peripheral edge portion of which is folded away fromthe radiating

el enent of the antenna; Fig. 6a and 6b illustrate nonopol e antennas of a
variety illustrated in Figs. 5a and 5b respectively; Fig. 7 shows a
nonopol e ant enna possessing a ground plane structure folded as in the
antenna structure illustrated in Fig. but with the outer peripheral edge

of the 25 portion of the ground plane conductor across which the face of
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manner . IEF the serrations in a given 15 series have a common shape. In
et

this exa he common shape is a straight-edged serration with two
t apering edgeslmﬂhemkang)lef rRCIVCtEseive Sefyatioh irt agiveadiesies nhsartabiomnposaess

pr edet er myped ang e%@e@@9109 Qa&ﬁéxgén@gmﬁ{ mb BS&F&SM‘%QW& é\@ﬁn@ntfaftﬂ’f@ ddhie body of
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25 series, and also converge at a right angular serration apex. The ratio of the lengths of the

two tapering edges of any given serration is shared by all serrations in the same series

; since all serrations in a given series share the same general shape. However, due to log-

periodic scaling, the lengths themselves increase by a predetermined scaling value such

that the ratio of a serration edge length of a given serration and the corresponding edge

30  length of the succeeding serration has a constant predetermining ratio value shared by all
such neighbouring serrations.

Furthermore, each series of serrations 7b along a respective Fig. 1 is arrange
such that the distance between the location of the feed-point 5 of the radiating element
and the location of the serration increase log-periodically as one encounters successive

35 serrations of a given series. The result is that the ratio of the aforesaid distance, as
between two neighbouring (successive) serrations, is equal to a constant predetermined
ratio value shared by all such neighbouring serrations. The location of the serration may
be considered to be the location of the apex or the tip of the serration in question, for

example.



The converging edges of a given serration may differ in length as in the
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radi ati ng 8 sone | stance
) Figs. 2a, 2b and 2c show a plan view and two side views, respectively, of an

alternative monopole antenna arrangement 11 according to the present invention. In this
alternative, the plane of the radiating slement 12 of the antenna is arranged to extend
30 across the ground plane 13 such that the plane of the former is spaced from, but is
parallel to, the plane of the latter. Otherwise the structure and functional features of the
antenna arrangement of Figs. 2a, 2b and 2c are substantially the same as the
corresponding features illustrated in Fig. 1 and discussed above. For example, a given
feature of the antenna illustrated in Fig. 1 assigned a particular reference number may be
35 correspondingly identified in the antenna illustrated in Figs. 2a, 2b or 2c using a reference
number which differs from the reference number of the corresponding feature in Fig. 1 by
a value of 10. Thus, for example, item 3 of Fig. 1 and item 13 of Figs. 2a, 2b or 2c (i.e. 13
= 3 + 10) both correspond to the ground plane conductor of the respective antennas, while



feed-point. The recess thereby not only forns a v-shaped notch having an
apex angle ?(7?<90) but also shapes the radiating elenent as a whole into
two diverging | obes each 20 being the mirror image of the other across the
symmetry access. This divergent |obe structure pronotes bifurcation of
signals within the radiating elenentlglong t he divergent directions of the
| obes. This has the beneficial effect of naintaining wide elevation beam
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where it éi%d&i’ﬁt%ﬁd% Suddasrfound pl ane, and extends beyond that aperture
soneway (about halagw% I{ nto a space between the round pl ane and the
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a monopol 5pﬂ$f%@ut&%ﬁﬁe§él@g@% of the ground plane 33 is folded (by differing angles)
) away from the radiating element. This displacement reduces the magnitude of the
common mode current induced in the outer periphery of the ground plane. The fold (35 or
36) may be a direct fold integrally formed within the structure and material of the ground
30  plane conductor 33. Alternatively, the fold may be formed at the join of two separate but
electrically connected ground plane conductor portions. Of course, it is to be understood
that the displacement of the peripheral edge portion 34 of the ground plane conductor
away from the radiating element may be achieved by other than a simple fold (35 or 36)
and may be achieved by curving the outer regions of the ground plane smoothly and
35 continuously with increasing proximity to the outer peripheral edge portion thereby to
suitably displace the edge portion from the radiating element without forming a sharp fold
36.
The angular displacement V of the outer peripheral edge portion 34, as measured

from the plane of the central parts of the ground plane, is chosen to reduce the magnitude



radi ating el enment 30. The antenna radi ating el enent 30 having a signal
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30 located between the terminal edge of the ground plane conductor and the opposing
underside of the displaced portion of the ground plane conductor. This extreme
deformation not only greatly reduces the magnitude of electric field lines emanating from
the radiating element 30 and terminating at the extreme periphery of the ground plane
conductor surface 80, thereby reducing the magnitude of electrical fields induced by stray

35 currents thereat, but also significantly damps any such induced electrical fields.

Referring to Fig. 4a there is illustrated a monopole antenna comprising a radiating
element 42 fed with signals at a feed-point 43 thereof and being arranged in conjunction
with a ground plane conductor 40 to provide a monopole antenna. The ground plane
conductor 40 is shaped to include two separate planar parts, 41a and 41b, joined at a fold
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to the corresponding edge displacements illustrated in Fig. 3b, 3¢ and Fig. 3d.

30 The fold, 46 or 49, about which the outer peripheral edge portion, 47 or 50
respectively, is displaced is a linear fold running parailel to the linear edge of the displaced
outer peripheral edge portion in question. Similarly, the fold 45 about which the upwardly
folding planar part 41a of the ground plane structure is upwardly displaced is also a linear
fold and runs parallel to the fold, 46 or 49, in the other of the two planar parts, 41b, about

35  which the aforementioned outer peripheral edge, 47 or 50, is displaced.

Figs. 4e and 4f illustrate a side view of a monopole antenna comprising a radiating
element 42 and a ground plane conductor structure 40 through which the radiating
element 42 extends and is fed at a feed-point 43. As in the monopole antenna structures
ilustrated in Fig. 4a — 4d, the ground plane conductor structure 40 is shaped to include



consequently arranged to extend across the face of the upwardly fol ded part

41a of the ground plane conductor such that the plane of the radiating
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fromthe feed-Robhhg4d- Fighks and Fig. 6b there are illustrated further variants of the
embodiments illustrated in Fig. 5a and Fig. 5b respectively. In these embodiments, the

30 ground plane is additionally folded along a linear fold running parallel to the face/plane of
the radiating element 52 thereby defining two separate but electrically joined planar
portions, 60a and 60b, of the ground plane which are perpendicular to each other. This
ground plane folding is the same as the folding 45 referred to in conjunction with Fig. 4b —

4d and consequently results in the face of the radiating element 52 extending across the

35 face of the upwardly folded portion 60a of the ground plane at a constant separation
thereform. Consequently, the antenna embodiments illustrated in the Fig. 6a and Fig. 6b

each possess a ground plane displaying three fold structures, two of which (items 61 or

63) run parallel to each other and perpendicular to the face of the radiating structure and
serve to displace a periphera! edge portion of the ground plane from the view of the
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of signal frequencies extending from T,=0.045GHZ to T,=20GHZ. Starting at near an
open circuit impedance at low signal frequency T, the impedance trace 80 of the serrated

30 radiating element in question initially follows a clockwise looping trajectory which
converges towards the “zero-reactance axis” 86 of the Smith Chart in a manner similar to
that expected from prior art monopole antennas.

The trajectory 81 illustrated in Figure 8 provides a representative example of the
spiralling trajectory one typically expects of prior art large diameter monopole antennas,

35 and has been included in Figure 8 for the purposes of comparison.

However, at an intermediate frequency value of T;=3.6GHZ the trajectory 80 of the
impedance of the present monopole antenna begins to diverge from the spiralling
trajectory form typically expected. As can be seen, the reactive component of the
impedance begins to stabilise upon a constant value as the signal frequency increases



pl anar parts 65b is perpendicular to the plane of the radiating el enent 52
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a |l ocus of inpedance values in which only the resistive conponent of the

i npedance changes along the line, while the reactive conponent renains
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degr ee ?%@&%%%%%EE@%??%EHR@%gﬁ&T%¥%§%é¥%ﬁﬁ§t@?%ﬁf%%%% ekgﬁmﬂﬂﬁpees to about
+80 degredwardkyltizréfios, wheeing spysivivestructat ig themeg rinaisisht pigese as hateat enna
illustra ' I gur tp . 2c and 4a to. 4f .and. Figures . 6 6b and 7 show
di ffer en%lg tiﬁ%%ﬁ‘é? Aﬁeﬁ%’%’g# Oefg)ﬁn 8 r%g’l““wgﬁts%cﬁ“a{e {onr g gé"pﬂ%ﬁé‘%%@éﬁ ® radiate
20 in a dpeedgejc (limted) range of directions. It is to be understood that
variants of the above described exanples of the invention in its various
aspects, such as . ulﬁ be readilg,a arent to the skilled person, may be
made Wi t hout W@%ﬂﬁﬁ?is §-YPETRYe 5 %@d B2 FHES qF e IRerPhy tareate the s
aspect s. rate o? fadiafin€lobsBf @MdryOMors b Sigh® PrdpSaatidg aldMy tAOEIANBEge, CONPri sing: a
radi ati ng el enent having a signal feed-point and two opposed sl ant edges
whi ch diverge wth increasing distance fromthe antenna feed-point such
that the radi¥kareipserativrsin saidyyseipssol serratighs 4 9f arcnemen sape sydhdbaéi n a sl ow wave
St T UCt Ur &rieShoh@hgBithehdiorR oBbiRBLssiRIQRaRMs ARrehQ 1634 bERbicalR vQﬁerP e rlotfpt  €dge
thereby to forma slowwave structure for a signal propagating along the
sl ant ediéd cofpwprding dimansiing ji rggpeet of sucerssivig wptéons hesreagngiant gredeterméngd of
serrati oRg,l{igr eby to increase the rate of radiative | oss of energy froma
signal propagating along the slant edge, wherein serrations in said series
of serrations are of a common shape such that correspondi ng di nensi ons of
successi ¥ SeffahlfiPack g APduimIgnRaEh 8 Gy SHBRERIY sl \Rrby! © of  said
correspondi ng di nensions IR respett of successive serrations has a constant
pr edet er sermigahs isrsharied totgimirate & a cPinergendeat hep lapeing dérragjon edges minga wher ei n one
or nore ggéggg'&gﬁhjn said series of serrations is shaped to termnate at a
conver gen two ‘fapering serration edges formng a single serration tip.
3. The antenna according to claim1l, wherein the I ength of an edge of any
gi ven segratign sai d i es of ser.ration X Scthe .| ength. of .t he
corres pofﬁdi ngﬂt'aecf1 gIeem(IJaf at ‘H%ﬁg Eoecg%l ﬂnb"ﬁ%’%‘P ?ﬁéﬂtl?ng% cgfaﬁ %‘?g% of any give ngglog of

said series of serrations exceeds the length of the corresponding edge of the preceding serration of

the series such that the ratio of said lengths in respect of successive serrations has a value

substantially equal to said constant predetermined ratio value.

4, The antenna according to claim 1, wherein the distance between the location of the feed-
point and the location of successive serrations of the series of serrations increases log-periodically
whereby the ratio of the said distance in respect of successive serrations has a constant

predetermined ratio value.

5. The antenna according to claim 1, wherein each one of the two opposed slant edges of the

radiating element has a respective said series of serrations formed therein.



the series such that the ratio of said lengths in respect of successive
serrations has a value substantially equal to said constant predeterm ned
ratio value. 4. The antenna according2io claim1, wherein the distance
between the |l ocation of the feed- point and the | ocation of successive
serrati o(gs of the series of serrations increases |og-periodically whereby
the rati® of tHgenEatapoeirdipgfocdaimy, whespia dhe resfiatigg elewsntibpea disiek nerikend  has a
const _antedg@bn&@ﬁﬁg&ﬁd‘ﬂeﬁﬂﬁ'alroﬁt%hl%sﬂ@a'd!;’@ﬁthéﬂvo-gﬁﬁt é@l@&sqg&@ofmrrgcjeﬂ& t&v@ar@ aiml,
wherein tSaéh one of the two opposed sl ant edges of the radiating el ement
has a reBpEed-poat & theqnidusgiondhegeol se.asyia shage the ragiating clement ditp twosymmetritae  ant enna
accor di nighdsavhedhaivdt gk withhifdr@ising dRAndeAnAthE RGd-pbigeNt has a distal peri pheral
edge bridging the term nal outernobst ends of the two slant edges thereof
whi ch recedes towards the feed-point at the md-region thereof so as to
shape thg raqr}%tahﬁﬂlaﬂﬂcmﬂ%tddiﬁhﬁ 6t WRerSY FEGLA rGRin oflme%'%algfmﬁ,@r flggerge wth
increasing distance fromthe feed-point. 7. The antenna CCOI’éI né to claim
6, wher eerpderHavatthe Egi-apinbie forea Yishapad notely Whisteptgndettpethe radistisieddenadivar ds t he
f eed- poi pfth dmpbLinRAeV1RRa0 e ARt Ch which extends into the radiating el ement
wi th an apex angle | ess than 90 degrees. 8. The antenna according to claim
1, having said radiating el enment and a ground plane conductor relative to
whi ch the radhabhfenekemEng to%xﬁngﬁavﬁlﬁgﬁﬁ%fa'ﬁﬁ% élxmaﬁapfygloﬁafu;ﬂ{n'ey thereby to
ding to clarm

forma nonopol e antenna. 9. The antenna accor aving said
radi at i rignéfckresitiva travhichythe radistipg eleraent exsends substantzadly perpendidulaly ghefehp & of t he
radi ati ngneh fREHolENlRES thereby to forma nonopole antenna. 10. The
antenna according to claim@8, wherein the ground plane is shaped to include
two separate planar parts joined in the ground plane structure, whereby the
radi ati el i : : d : égen; I Lecularly

rel ati V(ragg_ to g%%qgﬁ‘ehlfahag&{r%ﬁg%%gaﬁ%? hgé&?%%o%&?ﬁ& lgregt%%l a%?(%ﬁg B%‘ﬁ% a face of

t he r adicendustpr edressevhichjadacgrof thegetinting elemens natends timgeby tthforoamemopfle t he t wo

pl anar paql%etﬂﬁather eof . 11. The antenna according to claim 10, wherein the
face of the radiating elenment is substantially parallel to the plane of the
other of the two planar parts of the ground plane. 12. The antenna accordi ng
to clai 0, j face t .adi at i ement _is.0 r_than

par al | elr%%o twg%%ﬁ%{é'{r%eatco d'E e C(l)a?%esf\Q%fr&?ﬁ]g%ko\}\lggBﬁéenlg?h aB%drttosmco *iHhe gr ound

pl ane, swpdatt plavar pire joisapiartiat gramdpenoeentutd) @heralsi tht radgtied dement isand t he part
of the grou I cro which.a face of = the_ radiatjng element extends
varies \%}r 'faﬁgelgﬁ‘g?xg%gis%gaal'@P’d)ﬁ?émql?u(l)%@trﬁaemfe etoe(c)l'lepogithﬁg‘fv © f%‘?gfﬁ’g’o %enna

accor di ngoind ptane an Bacendidregadiatdgiettmgniduarchnpddan extehef dcnastha othecafie: tpbane
surface Vt:hﬂl charti %I %ﬁes: a substantially planar central surface portion
arrangeop HEQPIBSI"CHe  radi ati ng elenent to face the radiating elenent; and,
an outersurface portion which contains a 26 peripheral part of the ground

Pl ane suyf acer, Wgrel 0.4 hg, QULSE BUASEHRRELS bRl SHLARIS.ANFY Trom

substantially parallel to the plane of the other of the two planar parts of the ground plane.

12. The antenna according to claim 10, wherein the face of the radiating element is other than
parallel to the plane of the other of the two planar parts of the ground plane, such that the
separation between the radiating element and the part of the ground plane across which a face of

the radiating element extends varies with increasing distance from the feed-point.

13. The antenna according to claim 8, wherein said ground plane defines a ground plane
surface which includes: a substantially planar central surface portion arranged nearmost the

radiating element to face the radiating element; and, an outersurface portion which contains a



the central surface portion so as to be non-coplanar therewith and to face
generally away fromthe radiating elenent. 14. The antenna according to
claim 13, wherein said outer surface2portion extends away from the central
surface portion at an angle of no nore than 90 relative to the plane of the
central surface portion. 15. A portable inpulse transceiver apparatus
conpr i sPeEPheiial peritod s gravad alaps ywifageowherein the puter gusfaceppriign extendy apay ramd  ( UVB)

communi gRtLAAS s ARARAIRAEdASo GO nSh-BShIA ® ' 1. 17
The ant enna ac%orgﬁig tooclaiﬁﬁQ,eﬂ%e?%@ﬂ%t%ggg?ggﬁgg%@%gﬁgﬁb §ﬂﬁggd to

i ncl ude radiayng elepeitat e pl anar parts joined in the ground plane structure,
whereby the radiating elenent is arranged to extend substantially
perpendicularly relative to one of the two planar parts of the round pl ane
and a fate oflh¢ spgenngajcardingdo elpignhwhersingpid avigesyriacs poRios sytendsrap sy freme ot her

of the yQenth Qe }Rﬁt‘f&nsat Ljhﬁ{gfeq;f no more than 90° relative to the plane of the central

surface portion.

15. A portable impulse transceiver apparatus comprising an antenna according to claim 1.
16. An ultra wide-band (UWB) communications apparatus comprising an antenna according
to claim 1.

17. The antenna according to claim 9, wherein the ground plane is shaped to include two

separate planar parts joined in the ground plane structure, whereby the radiating element is
arranged to extend substantially perpendicularly relative to one of the two planar parts of the
ground plane and a face of the radiating element is arranged to extend across the other of the two

planar parts thereof.



