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2 of the dipole causing a esidual reflected retum signal to appear at the antenna input.
This return 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 dipcle antennas
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edge; a castellated/crenulated slant edge; a wavy/oscillating slant edge or the like. Most
preferably, the meanders of the slant edge (eg.
serrations/corrugations/castellations/crenulations/waves/oscillations or jags) are shaped
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
edge:
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rate of energy loss 3 Thus, the relative magnitude of a signal reaching the
termnal outer end of the slant edge (i.e. relative to the magnitude 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 slant edge. By suitably shaping the neanders of the
sl ow-wave 5 structure, the present invedtion may enhance the rate of
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25 of serrations} 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 8(x,t) propagating along a slant edge (e.g. dimension “x") at time “t’
may be represented by the following equation:
W (x,1) = Aexp(—j®(x, 1))
30 where M(x,!) is the phase of the wave representing the signal, and:
O(x,0)=Px—awt
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 vpn Of the signal by

the refation:
35 Ven = T3, thus, ®(x, ) =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 ( 3/ dw ) of the resulting



a way that, in response to changes in signal frequency, the rate (c-* /

aw) of the resulting 4 change in the phase of the wave at a given point
along its propagation path (i.e. the slant edge) is reduced. This signal
phase mani pul ati on may be applied to the serrated/corrugated slant edge(s)
of the present invention by shaping the corrugation/serrations of the slant
edge to 5 be either constant in S|ze/séale or to increase in S|ze/scale
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i ndependentricieagashd sate of radiative loss of energy from a signal propagating along the slant
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 Semations 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 nmaintained or
approached by shaping each serration to termnate in a serration tip
formed by the convergence of two 5 serration edges at an angl e of between
about 75 to about 105. It has been found that such a tip angle reduces
inter-serration el mcoupling mﬁthout siénificantly reduci ng the other
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Sermrations in said series of serrations are preferably shaped such that
corresponding dimensions of successive serrations increase log-periodically whereby the
ratio of said corresponding dimensions in respect of (i.e. as between) successive such

35 neighbouring serrations has a constant predetermined ratio value. Thus, since notch
dimensions are defined by the dimension of neighbouring serrations, one may achieve a

log-periodic scaling of notch dimensions by a suitable log-periodic scaling of serration
dimensions.
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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 thefany 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 I in respect of each
slot/serration (i) in the series, the log-pericdic nature of the series is such that:
rsi/fi = constant, as between a given notch/serration " at the successive neighbouring
notch/serration “i+1” where the ratio value is a constant greater than 1 {one).
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poi nt between opposi ng edges of the notch/serration at the slant edge. 35
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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
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a non-pl anar
P ground-plane from which (or relative to which) it extends, or may be plane parallel

therewith.
In another 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 displaced, relative
to other parts thereof, towards the radiating element.

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

monopole 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 radi ating el enent and a ground pl ane conductor defining a
ground 35 plane surface which includes: a substantially planar first
surface portion arranged nearnost the gadiating elenent to face the
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slightly reduced in magnitude due to such cancellations since the cancelled part of the
reflected signal no longer contributes 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 aface 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 (90° 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
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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 above in relation
to those other aspects,

0

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.



The non-copl anar surface portions, and the non-copl anar 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 al so include the 30 features of the invention in any one
of its first, second and third aspects including sonme, none, or all of the
variants and preferably features thereof! as discussed above in relation to
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t he peri ph@Ffand piape sudrceasdlisgussad abpneathe nonmianeeregioh eray ishauirved or folded
through any angle up to and exceeding 180 degrees relative to the planar portionfregion
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 (j.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 plane 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  semations 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
tapering sefration edges forming a single serration tip. For example, the method may
include shaping sermrations in said series of serrations with a common shape such that
corresponding dimensions of successive serrations increase log-periodically whereby the

30 rafio of said comesponding dimensions as between successive such neighbouring
serrations has a constant predetermined ratio valie. 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 semation 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




Where the sl owwave structure is a series of serrations, the nethod of
produci ng an antenna nmay include shaping one or nore (preferably all)
serrations in said series of 25 serrations so as to increase the rate of
radi ati ve |l oss of energy froma signal propagating along the slant edge.
Serrations may be shaped to termnate at a convergence of two tapering
serration edges formng a single serratldn tip. For exanple, the nethod may
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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 ncl udes shaping the md-region of the distal peripheral edge such that it
partially recedes towards the feed-point to forma V-shaped notch which
extends into the radiating elenent with an 25 apex angle | ess than about
90 degrees. The nethod of producing an antenna according to either the
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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
fith, 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°).
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in the antenna structure illustrated 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;

Fig. 8 Hlustrates 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 a 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. 4a but with the outer peripheral edge

of the 25 portion of the ground plane Eonductor across which the face of
the radi ating el enent extends shaped into a sem - circular edge; Fig. 8
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shape. In tdd s exanple the comon shape is a straight-edged serration with
two tapering Ed%ﬁim%%te%(]%@,ga éJo%é@sEJéesteF}QﬁBﬁ iRf SqtiJ},% g@r%is% E%tﬁh%ﬁs%t
predeterm ned angl'es and ‘convergdi ng at I ncreasing distance fro e body of
the radi at'Wadpreregredaesvdiich eagh pxtaed frem Yiechogn glihe radiating glement atithe sameypex.
predetermined angles as occurs in respect of the edges of the preceding serration of the
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 ratic of a semration edge length of a given serration and the coresponding edge
30 length of the succeeding serration has a constant predetermining ratio value shared by all
such neighbouring serrations.
Furthermore, each seres 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
exanple in 20 Fig. 1, or may be equal in length as in the alternative
exanpl e shown in Figs. 2a, 2b and 2c. In either exanple, a successive
serration in a given series of serrations possess two tapering edges which
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serration of the 25 series, and al so converge at a right angular serration
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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 element 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
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soneway (a ‘a space between the ground plane and the
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a mnopol e an eﬂplg oﬁt%pgenpﬁera?ec%e 34 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 enent 30. The antenna radiating el ement 30 having a signal
feed-point 32 positioned at the base of the radiating el enent and centred
within an aperture arranged wthin the ground plane sheet 31 (seen edge-on
in Fig. 3a) fromwhich the radiating elenment 32 perpendicularly extends.
20 Electric fields emanating fromthe radiating el ement and termnating at
the periphery of the ground pl ane uppeﬂ’surfacg may induce stray currents
i nduce currents and electric fields at the underside
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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



line in question to bulge outwardly so as to enable the field line to
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displacement of the outer penpheral edge portions, 47 or 50, is as described with regard

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 parallel 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
illustrated 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

el enent and the plane of the wupwardly folded ground pl ane conduct or
portion are parallel such that the separation "x" 15 between any point on
the face of the antenna structure 42 and any opposing point on the face of
the upwardly extended ground pl ane conddkt or portion is constant in val ue.
The fold 45 forned,in the structure of the ground plane conductor rmay be a
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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 peripheral edge portion of the ground plane from the view of the



10 divergence in the separation of opposing faces of the ground pl ane
conductor structure and the radiating elenent significantly reduces the
ef fect of cancellations as between radiated signals emanating fromthe
radi ati ng el ement 42 towards the opposing face of the upwardly displaced
pl anar part 41 a of the ground plane, and signals reflected fromthe

| atter propagating towards the fornmer. 35 Figs. 5a and 5b each illustrates

variants of the nonopole antennas illustrated in Fig. 3b and Fig. 3c
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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
whereas the plane of the other of the planar parts 65a is parallel wth
and directly facing the plane of 10 the radi ating el ements being spaced
therefrom by a constant separation "x". In this variant, the outer

peri pheral edge 75 of the planar part of the ground plane structure across
whi ch the radiating el enent 52 extends #% semi-circular. This shape
reduces rallg%nﬁﬁnna size w thout any significant reduction in
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low value). As is well known in the art, the nature of a Smth Chart is
that the axis of the chart 5 include ci rcul ar segnments such as segnents
87, 88 and 89 which each separately define



a locus of inpedance values in which only the resistive conponent of the
| npedance changes along the line, while the reactive conponent renains
constant. Indeed, the axis 86 represents a special case of this in which

t he reactive inpedance conponent is 0. Thus, it can be seen that the
portion of the trajectory 80 | ocated between signal 10 frequency values 7
and T" closely follows a constant reactéhce line of the Smith Chart just
bel ow the zerqg-reactance |line 86. This near constancy in the reactance of
the antenna :y assists in reducing the occurrence of inpedance

m smat ches arising wthin the antenna over frequency values ranging fromT

to T' at |east. enn L trat 1 n FEiqg. Fig..3a to .3c an

Fi gs. 5a and 5?)' éa\-rl;‘g&t%a"@hnﬁdéloﬁ 'é?lbé%ar?&lua iﬂﬂ%ﬁrﬁl(?’rr#&gé@wi"ﬁ 3 figd! ?%fgl nut hal
di rection OFCITt4%i13) pothtworenposedysiantiedaesa(6. 1@ ki divenge with inkiessingidistanceon, it
was fourgl tfum tHelhiek®a fe@Opcia sudd tiiBineahBiiig Qome st Bhtharin BBRFoh! oM
about -60 d‘%%r ees o_aboutt +?0 dergr ees rela |a¥e to the )gé)nsdatlon of the
ground pl anZorSH2 SIOW-BAYESTycryre 5 fatmed i 2 ST'—‘?F@) RSO S {q.0 glongthesnks  ang
Fi gures 6aedgeithesety 7 fosasia-vaes sinicture/foes sighal ‘prapagating aldng tiad Slardetigenna

whi ch are designed to radiate 20 in a specific (limted) range of
directions. If i,s to be understood that variants of the above descri bed
exanpl es of tfhe" P &Reqrding fq Glaim,§ inppkichthesloves | waye ftryrdurgds sharerbas eadi | y
appar ent0 t ;a sdries S iskiratdnp €Tts ATb) thesebheo Merkase Wiet fatdf GeRavd iosg of exuy he

scope of t | hyent:i LA | ects. r 24 CLAIMS: 1. An antenna
(1, 11) Coﬁgorrﬁié‘?ﬁﬁg’élgﬂ{ﬁgg@gggﬁaﬁqég@ﬁ@ 2, 12) having a signal feed- point

(5, 15) and two opposed sl ant edges (6, 16) which diverge with increasing
di stance 5 framAnhmtenna accrdihg&CIgiai mvhsr:dmfbnbbatnoidﬂeemh@tds%f ﬂriﬁéfgﬂ_t

t apers out Lyt ein_a Wwwave .structure is.for in a
sl ant edge\,%érg_iggsﬁst!g%@géédg_gg Eﬁr@ﬁg{et Jﬁtea Sqoi\het?gen\gggog R PRI, Spration, edges

sl ow wakle dJerming apingle serraliostignal propagating al ong the slant edge. 2. An
antenna according to Caim1l in which the slow wave structure is shaped as

10 a series o errations (/b h ereby tao increase the rate of
radiative | os‘i‘ %f-' agﬁeé\p%?coﬂlg%oﬁ@%ngaﬁ]&.erﬁp %ﬁ'ﬁ%@f‘? Rgald $5Hgs PhremalionsAredge.
3. An ant edhaa gowmodi stppeosiChalhel 2omwepording diteersionsoofesuweessivei sermtions sai d
series of wpddsdldgORdtiotivalfVaRpshy ife b B 84 Corfdspbhdify WRESKINS & Rk

t aperi serrati.on edges .15 formng a single serration tip. 4. An ant enna
accor difg PﬁcﬁsﬂYﬁﬁeﬁrﬁﬂ%'@sﬁ oBstant ?Wﬁggéﬂt'ﬁlvg'@?-i es of serrations are
of a common shape such that correspondi ng di mensions of successive
serrations 'Qcﬁﬁ%?eﬂng%'c%?ngqb‘@éiwn% ‘Mﬁgf Pl IBfigth 3 'af HoeSR dhy give
correspondi nrg%tdl nsions 1 n respect o 0 succesdi ve 26 at|0n¥ 32 a
const ant prETRIPB AL geres:qf seations exasedsithe Jangthvefdhe eeresponsing eslgeiohthe 4
wher ei n t herdcedigg rseahtiam ot dge sefiesamychgihat the fior 6 540 1gtisain réspeitess of
serrat i)gns G eeSiSsdrifons Wil Vaitle stugﬁaﬁt&w gfﬁ?@%‘a%%oﬁggr?t p?w];detteprr%ined ratio

value,

6. An antenna according to any one of Claim 2 to Claim 5 wherein the distance

between the location of the feed-point and the location of successive serrations of the

30 series of serrations increases log-periodically whereby the ratio of the said distance in
respect of successive serrations has a constant predetermined ratio value.

7. An antenna according to any preceding claim wherein each one of the two

opposed slant edges of the radiating element has a respective said series of serrations
35 formed therein.

8. An antenna according to any preceding Claim wherein the radiating element has a
distal peripheral edge (8, 9, 10) bridging the terminal outermost ends of the two siant
edges thereof which recedes towards the feed-point at the mid-region thereof so as to



preceding serration of the series such that the ratio of said lengths in
respect of 25 successive serrations has a val ue substantially equal to said
constant predetermned ratio value. 6. An antenna according to any one of
Caim2 to daimb5 wherein the distance between the |ocation of the
feed-point and the |ocation of successive serrations of the 30 series of
serrations increases |og-periodically whereby the ratio of the said

di stance in respect of successive serrations has a constant predeterm ned
rati o val ueshape “Rh radiating, glemeant ital twry sirometrigal flebes adiichgdivérge rwitthiecreasingac h

one of the distanceditRohetbetlpbit, edges of the radiating el enent has a
respective said series of serrations 35 fornmed therein. 8. An antenna

according to any preceding C aimwherein the radiating el enent has a
di stal peri ph8r &in andeywa(®cording 10 Cldimi &lyhergintthe midregionadf ta tistahpedpheratls of

the two sl adige r@éiﬂﬁ§ toWHES He M@d-ﬁéﬂntr t%cfﬁﬁifr‘ %&@%O&P%ﬁlﬁegﬁ sqﬁto%e the

m d-regi‘on thereof so as i at i ng el ement
symet ?I cal™ {'J'@sel'W\?'EW"BPUEP%aWQplﬁsﬁtH@T%%@‘?Qr’i‘bes di stance from t he

f eed- poi nt. 9 An antenna according to Caim8 wherein the m d-region of

" Shaped notch Wiy e gereraaalg & Sp gecedi Cen rding 398, Bty i) 2

| ess than RFdgagrewy plage %ﬁdmre@here'at&\@omm tﬂaearﬁglamge@mqng eadem

havi ng Hai dsubstantially peypendioutany tHePsby tafofin @ ngsropsle apleame(1g.onduct or ( 3)
relative to which the radiating el enent extends 10 substantially

perpendi cularly thereby to forma nonopole antenna (1). 11. An antenna
according to T\; PoAnterracacgPiiingctoaanysof precedingalaima g toa9 davinglisaidi mdiating enent

(12) and a egnauing13)|maea gfuadulqme doia@dct@c‘(ﬁ?)s&crw&' Whici af f86€ oPthel Mgiafirgdi at i ng
el enent e”e‘?é?r?'&t&ﬁ u%q%ré%mgrrhnagﬁn%onp%%o%‘?enﬂ nna (11). 15 12. An antenna

accordlng to any of prec ‘erein the ground plane is
shaped ¥o include two separate planar parts (41 a, 41 b) joined in the

g; ?gzg gtggeaﬁ}e\hmwna acwarnghu ahia%fr rﬁ%}a«gﬁd Ergm%' ﬁgﬁ.ﬂh 'w%e i @1@9;?&1 .
a5 of o MBTG i Shanbe | ERGEE o Fepdrete Péﬁ“%aftSHé"%é&?>al?lﬂ?ﬂ;'né'n%wen@d plane

arr anged t@MtlrendWhUBbbssth’eheadntimgr eln?ndnhelst varapgehato  [exteing s’ulsaareueliy 13.
o Tolbat arerarmieliEy et &) dieldt O kher Be 66 Bron B8 B B
parts R’ée &}dlffigﬂﬁ menk Is zga'md @Wﬁmséﬁ%&mﬂ'r@ the, twy @lameartmer ein

the face oﬂhelrm radiating elenent is other than parallel to the plane of
the other of the two planar parts of the ground plane, such that the

separation beg wRen the radi ating elenent and the part of the ground pl ane
n antenna according to Claim 12 wherein the face of the radiating element is

substantially paralle! to the plane of the other of the two planar parts of the ground plane.
25
14. An antenna according to Claim 12 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
30 the feed-point.

15. An antenna according to any of Claims 10 to 14 wherein said ground plane defines
a ground plane surface (33) which includes: a substantially planar central surface portion
arranged nearmost the radiating element to face the radiating element, and, an
35 outersurface portion which contains a peripheral part (34) of the ground plane surface,
wherein the outer surface portion extends away from the central surface portion so as to

be non-coplanar therewith and to face generally away from the radiating element.



across which a face of the radiating el enment extends varies with increasing
di stance from 30 the feed-point. 15. An antenna according to any of C ains
10 to 14 wherein said ground plane defines a ground plane surface (33)

whi ch includes: a substantially planar central surface portion arranged
nearnost the radiating elenent to face the radiating elenent; and, an 35
outersurface portion which contains a p%ffi pheral part (34) of the ground

pl ane surface,  wherein the outer surface portion extends away fromthe
central surfad® AoRnieRe acsorling 19 Clgimn (18 whesin saldrouteresusiare ROAAD exiengsice
general | y aaweay flomothe chdral auliage pogioe hiesTedigle of fo hfore Han 90T RN RARGPIhGT t O
Claim 15 'irf'eié%nﬁ isgrfé)c%t hioﬁurface portion extends away fromthe central
surface portion at an angle of no nore than 900 relative to the plane of
the central surface portion. 5 17. A portable inpul se transceiver apparatus
conpri sisg an1am ﬁm&e%ﬁﬁlééﬂrﬁ%o&i%%kiaraﬂé%Sﬁagﬁd?rgg &1 &htBAnaldboordifg 4 BRR

w de- band (UVB).. conmuni cati ons apparatus conprising an antenna “accordi ng
to any of [ﬂr%% &9 %1 ainms 1 to 17. 10 15

18. An ultra wide-band (UWB) communications apparatus comprising an antenna
according to any of preceding claims 1to 17.
10

15



