10

15

20

1 Conpact Omi-directional Broadband Monopol e Ant enna
Fi el ntion 5 The present invention relates
to a(ﬂwm\mmmmmmmcul ar nonopol e antenna, and to
conmuni cals,@ systenms which enploy the antenna.
Background of the invention UAB is one of the nost
popul onmuni cati on technol ogies. It has
10 fe ﬂl&lﬂwﬂmmﬂmﬂm&s hi gh transm ssion speed and | ow
ﬁg UAB ant enna shoul d ideally have
%%m?d |n'ped§’ 2 rratcllﬁl ng dand orm| - d| rect| onal

2005/0243009 [1 dlsclosesAan onni-dlrectlonal 15
br oadband nonopol e antenna with a gain variation in
its horizontal radiation pattern of |less than 3 dB,

Pidld birte mokARtiGY® 1S a 3-D structure di sposed on a
broad ground plane, which is difficult to fabricate

gﬂg éﬂ?%éjntt SitioPHeRitBs ‘t(?“écbraadtﬁ’éﬁé @lﬁ&ﬁart ﬁw@ﬂ%ﬁ@!e"éﬁtenﬁ& and to

anar nonopol e antennas have been nor
fre uentl eqd bec e are_.eas tofabrlcate,
Cem W‘E%t}s/ @(?33'???3@%? hrempzayﬂle% te ﬁP%ht ed nonopol e
ant ennas provi de wi de bandw dths and satisfy radi ation
properties and therefore have been w dely studied, for
exanple in [t2, 3]. Typically, a conductive patch,
Sackarpund afithe invention

I tight ch, is printed onto a first side
of a 5 10 15

UWB is one of the most popular wireless communication technologies. It has
features such as high transmission speed and low power consumption. An
UWB antenna should ideally have good impedance matching and omni-

directional radiation patterns.

U.S. Patent Application. No. 2005/0243009 [1] discloses an omni-directional
broadband monopole antenna with a gain variation in its horizontal radiation
pattern of less than 3 dB, but this antenna is a 3-D structure disposed on a

broad ground plane, which is difficult to fabricate and hard to integrate into a

portable transceiver.

Recently, planar monopole antennas have been more frequently used because
they are easy to fabricate, low in cost and highly integrated. Printed monopole
antennas provide wide bandwidths and satisfy radiation properties and
therefore have been widely studied, for example in [2, 3]. Typically, a

conductive patch, such as a circular patch, is printed onto a first side of a
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20 2 substrate, and a conductive |layer is provided on
the other side of the substrate to act as a ground

pl ane. The conductive patch is fed by a microstrip
line or CPW (coplanar wavegui de), which contacts one
edge of the circular patch. @iginally, the dianeter
of the patches was selected to be about half the

YRl Elrated hAd GoEdrRiIRENS! Idyer iPploviieton B bihef sRIRCH thé substrate
t he bandw dth of the antennas, but recently w der

??%Ep§ia%ﬁ]‘¥§n@§%eu%ﬁ%égﬂd%ﬁ\?e BIchS fecPBy BINERGSfip line or

oug g ennas gfl Kind are sti net | mMes
L . - I "V | d
B ePbizbdr PRueniBebatiER st Bhe 8R08 3N e pPodar Bitn
frequenc¥ band rejection characteristics, %g has Pagp
QRrigiealyd e diametaret e Ratchey wasseladied tube @agautibe!

patches [4, 5]. [4] discloses an arrangement in which
avavetengtiy coerespending to theecgnire fref8gndynef thedangwidth of the
inverted U-slot and also a narrow slot to increase

B thRIRS Bubrstentiy Wideriitches have beeh used $o givecbdtterm
the axis of synmetry of the patch by 0. 15 A where A

[ radiat i 1 h : [
el PhELHA BRI 1 St croo o s
rangenment ..in i the antenna i ncludes a circul ar
?ﬁ@ﬁ&%vn%\/nig%amﬁy@ggts formed within it, on either

side of the axis of symmetry of the antenna. The

direction perpendicular to the substrate is
conventionally denoted as the z- direction, the

dn pedaritoinrase ithe ipedansechansdwidihser togealize tieqeencydand

in which the mcrostrip line extends is denoted as
tréjection chamicteristicanithas eeen peoposad foraddhnamowtdtits/slots to the
mcrostrip extends is denoted as the y-direction. O
'cOREASR Satthés f1) ¥ [4)dis@lodes an arrangement in which a rectangular
conductive patch [5] includes an inverted U-slot and also a narrow slot to
increase impedance bandwidth. The narrow slot is spaced from the axis of

symmetry of the patch by 0.15 1, where 2 is the wavelength of the radiation at
its desired operating frequency (5.45GHz). [5] discloses an arrangement in
which the antenna includes a circular region having two slots formed within it,

on either side of the axis of symmetry of the antenna.

The direction perpendicular to the substrate is conventionally denoted as the z-
direction, the direction on this surface transverse to the direction in which the
microstrip line extends is denoted as the x-direction, and the direction in which

the microstrip extends is denoted as the y-direction. 6 represents the angle with
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the z-axis, and g represents the correspondi ng angl e
Wth the x-axis in the x-y plane. 5 10 Although the
configurations of [4, 5] provide antennas with a w de
band (from 3.1 GHz to 10.6 GHz) and with a good
omi -directional pattern in the x-z plane (0=90,
cp=0), they do not attenpt to obtain a good radiation
B LN, iatdt fbpfeéentﬁ'tﬁé RofrésPondingargle leﬁ itigd) XléS(I§lirtSme X-y
|nportant for sone applications. For exanple, if the
ﬁﬁr}?ezna Is used in a portable device, then due to the

es and yaw novenent of the portable device, it
woul d be desirable to have a good radiation pattern
in the y-z plane to maintain an invariant gain whi ch
is inmportant for maintaining a constant |ink
pdthboghdie eonfiguretions aki4, 5t provide roteanageythyawide band (from
omi -di rectional antennas focus on the x-z plane
Be1 Hz foot).6aBidz) amdwithtehgoyd pmnpldirectigre| padtermwin) theddz plane
Sunmary of the invention 20 The present invention ains
K@-Q’G QHOI Etrdy MY her ittetaSt tel obTRINCPgo&d ?éﬂlﬁf’@@paﬁék‘i'\ iAt the y-z

ew and usef uI comuni cation system enpl oyi ng

ant enpa. neral terms, sent in

SO LE 0L =0 whieh 2 B8 imporia B Same.ARrK hom%ﬁ example,
corrprl ses a substrate, a ground plane, a radiating
éfl theantennadis usedi ioraopontaje devisewtherndie ta theritahes ang yaw
the radiating elenent to feed the antenna. The ground
phaveenmertofiike portableededicaydt wbuldareldéesirable o tHave argddueradiation
45
pattern in the y-z plane to maintain an invariant gain which is important for
maintaining a constant link performance. By contrast, conventional designs of
omni-directional antennas focus on the x-z plane (elevation) and ignore the y-z

plane (elevation).

Summary of the invention

The present invention aims to provide a new and useful monopole antenna, and

a new and useful communication system employing the antenna.

In general terms, the present invention proposes an omni-directional monopole
antenna which comprises a substrate, a ground plane, a radiating element and
a microstrip line which is connected to the radiating element to feed the

antenna. The ground plane may be a piece of metal, and is provided on the
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10 15 20 opposite side of the substrate fromthe

radi ating el enent and mcrostrip. The radiating
elenment is a printed circular patch with a single slot
on one side of the radiating elenment. The position of
the slot is selected to provide a sufficiently wide

i npedance bandwi dth and i nproved omi -directi onal

bppbsitd sidetTithe E0Bstrdte fidma tisd eadiatingeleynent @indndjcrostrip. The
direction in a desired range of operating frequencies.

¥ Teidye SPé‘Pﬁé‘rﬁ%% Abr o‘?& Eﬁculﬁ?’?é‘ttch th %@ﬁ\gﬁé Qlot oh mae of the

centre symetry o Renna by a
AR OL Sty THE RMYa IR slotfsdReh *é@?%ﬁé%q%iﬁﬂ%nﬂv

for exanple, in the ran 2

é«@ @wnz%qg qu\w@t;le@mggg&pgeégﬂéml&joye}%tlgg@@pglatlon patterns in
corresponds to the slot being spaced fromthe centre

the elevation(\aziptanpe)direction ima desied range gfiaperatingffraguencies.
di aneter of the radiating elenment. |In another

expression of the invention, the antenna is circular

or elliptical (having its najor or mnor axis in the

¥ﬁ g'hé bt&¥3lon MM |H\§‘erﬁld’r‘|9 kife §|bpts dpaceaFrR G cérﬂreonﬁa of

an axis of symretry of the antenna (extending

59@;2%&9%%%@&%% A ILn3E BLLDRY ogna't%ezm at the

directional property in the y-z elevation

TPAHBEY QoTesRONRD bxihe eanirelel the desaed BRGNS (fpr sxample,
l[ine. The width of the slot nmay be in the range from

n thet mnge® .20 neto Q.81 , oF mdre prefarablyrQ.22 1o 828 ahiGenerally,
is substantially 0.5 tinmes that of the mcrostrip. 5

$his corresponds to the slot being spaced from the centre of the radiating

element by about one quarter of the diameter of the radiating element.

In another expression of the invention, the antenna is circular or elliptical
(having its major or minor axis in the x-direction), and the single slot is located
to one side of an axis of symmetry of the antenna (extending in the y-direction).
This scenario may achieve broader impedance bandwidth and better omni-

directional property in the y-z elevation plane.

Typically, the microstrip line is a 50-Q microstrip line. The width of the slot may
be in the range from 0.5 to 1.0 times that of the microstrip. Preferably it is

substantially 0.5 times that of the microstrip.
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10 15 20 The slot, which is straight, extends,
parallel to the mcrostrip, froman edge of the
conductive patch. It preferably extends to about a
line of symmetry of the patch transverse to the
length direction of the slot (for exanple, if the slot
is circular, it may extend as far as the di aneter of

trhe shett whnmwtﬂaﬁjhtt ébctéh@s mardllélestth@ Microstriis Yo anedge of
have found experimentally that a shorter slot is also

ﬂ{ef ?%dn‘)‘%‘n’%’i’%?ﬁ‘e o@%{%@b&’%«@ﬁ&‘éﬁﬁé SRR Bf‘syrﬁﬁ’\%try of the

ating e ement  noropo

B%ﬁ%r}{ﬁ gﬁ%{grh%\/lggéﬁﬂaq f’e&ﬁoﬁ&?{ﬂ@q %I% Vatgxg%le if the slot is

appl i cations which benefit fromreduced [ iation
chicylar, dt py extend as faras thedligmetaraidhe P@Ecg\ %areﬁ%h tg the x-
will have a better quality. For exanple, in a
directidol)eHowewvenfwe bage fundeéxpsrinoentally that @shistes slot is also
personal digital assistant (PDA)), the antenna may
effeefive. W th both pitches and yaw, so it is

advant ageous to have a uniform omi -directional

radi ation pattern in both the x- z plane and y-z pl ane
to maintain a constant gain. Due to the inherently

ARt e sn CinAERYar 10€ Bl Biing &R The, ffating element

omi -di recti onal antenna has st icte
PPl SrtenadnAL REPTOVEdNg ST plapg. EaROT HoOBBLATssERal
X-z plane and_the y-z plane. Qtherwi se, the signals

radjatiore patigrn. b us cibaapplicatiens welcamr@ﬂt\éram rqm@eti [g@in variation

systemnmay not be able to nmmintain constant

iretHis planec the Bcededdwdansmitted sghalhwilhave agettér quality. For
non-limting enbodi ment of the invention will now be
drampld e af purtdbie its ke sinsumer electronics (such as a personal digital
assistant (PDA)), the antenna may rotate with both pitches and yaw, so it is
advantageous to have a uniform omni-directional radiation pattern in both the x-
z plane and y-z plane to maintain a constant gain. Due to the inherently smalier
gain of an omni-directional antenna than other forms of antenna, a system with
a moving omni-directional antenna has stricter requirements on the omni-
directional radiation patterns in both the x-z plane and the y-z plane. Otherwise,

the signals received by the receiver may be quite weak, and the system may

not be able to maintain constant performance.

Brief description of the drawings

A non-limiting embodiment of the invention will now be described for the sake of

example only with reference to the following figures in which:
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exanple only with reference to the follow ng figures
in which: 6 510 15 20 FIG 1(a) is a front view of a
circul ar disc nonopole antenna which is a first
enbodi nent of the invention; FIG 1(b) is a side view
of the first embodi ment of theg invention; FIG 2(a)
shows sinulation results of the return |loss of the

first Figmhegiigaftordiviéiief arirellar aikc mbRopdle@ntéiveavivhich is a
conparatlve results of return loss of a circular disc

&%ﬁ,@h@gp é,ﬂ@@ﬁﬁ&{;\l with the first enbodi nent
except t

oes not contain a slot; FIG 3(a)

Fhone F6 T ST 1 e o EBRPALR DA RS

the invention at a series of frequencies in ? i
oper affil@g2(arsrows smugtion rerglis of ﬂi\@ rle&HPdW%ﬁ thefirst n

in the y-z plane (elevation) of the «circular disc
eorhguiinentof thveriaveritidd, G 2(b) at a series of
frequencies in the operating band; FIG 4(a) a gain

di agr MGOR{Hi shewstyorapanatias Ir@sultsfoftrbmrh iloss ofearbipclilaedisc

of the invention; FIG 4(b) is a gain diagramof the
Ghéropae afethaTBEARS) VittheHRst éthbbdifrent Extept that it does not
contain a slot;

FIG. 3(a) shows simulation results of the radiation pattern in the y-z
plane (elevation) of the first embodiment of the invention at a series of
frequencies in an operating band;

FIG. 3(b) shows the radiation pattern in the y-z plane (elevation) of the
circular disc monopole antenna of FIG. 2(b) at a series of frequencies in the
operating band,

FIG. 4(a) a gain diagram obtained by simulation of the first embodiment
of the invention;

FIG. 4(b) is a gain diagram of the circular disc monopole antenna of FIG.
2(b).

FIG. 5(a) is a front view of an elliptical monopole antenna which is a
second embodiment of the invention;

FIG. 5(b) is a side view of the second embodiment of the invention;

FIG. 6(a) shows simulation results of the return loss of the second

embodiment of the invention;
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FIG 5(a) is a front view of an elliptical nonopole
antenna which is a second enbodi nent of the
invention; FIG 5(b) is a side view of the second
enbodi nent of the invention; FIG 6(a) shows
simulation results of the return | oss of the second
enbodi nent of the invention; 510 15 20 FIG 6(b)

shows FSFG”B(b?tth@stsﬁﬁMidt@n%sbl@of flelieturhasss of amelliptical
el liptical "nonopole antenna which is identical to the

P O B i S bt v

radi at i on tte in the y-z plane (elevation) of the
Qé’@ﬁﬁ‘&’tg}% Fﬂq of the invention at a seri es of

frequencies in an operating band, FIG  7(

si mul BIGoR () edonssIBLIation resdiset the raatqt@nrpatw:rwzthe y-z
pl ane (elevation) of the elliptical nonopol e antenna
plartd @lewgtion) ofthd sexfomd ersbedigwent ofitheyinxentitn at aseripy of
simul ation of a second enbodi nent of the invention;

uBh&les &t Bh dperatirpbandti agram for the el liptical
glrég‘c nonopol e zgér{tenna of FIG 6(b). Detailed

descr 'FW% ??ﬁ%fhowgeslmu@éﬂ sRs ef fHenr%dfdtiroﬁtﬂéftérﬁ i }/%Iane
1(a) and 1 an omi -di rectional circular nonopole
(elevation) of the elliptical monopole antenna of FIG. 6(b);

FIG. 8(a) is a gain diagram obtained by simulation of a second
embodiment of the invention; and

FIG. 8(b) is a gain diagram for the elliptical disc monopole antenna of

FIG. 6(b).

Detailed description of the drawings

Referring firstly to FIGS. 1(a) and 1(b), an omni-directional circular monopole
antenna is illustrated which is a first embodiment of the invention. The antenna
comprises a cuboidal dielectric substrate 1. On a first major surface of the
substrate 1 (i.e. a surface in the x-y plane) are formed a circular radiating
element 3 of diameter d and a feed line 7. On the opposite major surface of the
substrate 1 is formed a ground plane 5. FIG. 1(a) is drawn as if the substrate 1
were transparent (i.e. such that the ground plane 5 is visible when the substrate
1 is viewed looking, opposite to the z-direction, towards the surface on which

the radiation element 3 and feed line 7 are formed). FIG. 1(b) is a view in the x-
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antenna is illustrated which is a first enbodi nent of
the invention. The antenna conprises a cuboida

di el ectric substrate 1. On a first major surface of
the substrate 1 (i.e. a surface in the x-y plane) are
formed a circular radiating glenent 3 of dianeter d
and a feed line 7. On the opposite major surface of

Hhscu&vm{e" Ridfatihg SlefrehfBds a cﬁ?fcglﬁmuéd wile aSslotfd 6n oHeasdide.

is drawn as if the substrate were transparent (i.e.

jﬁ‘é&&ﬂﬁé pHE"%, @fsv# ggjev\;éfg' ;?\ %(EI'HeSI‘eEH §|hB|7elsV4‘§6‘-§% Rficrostrip line,

z-direction, towards the surf

whighaioinshthe: ragiation elemegnt 3@6 aquer?é’ Roigt e%F%rgﬁ%‘éf)d Plang extends
1(b) is a viewin the x 8 5 10 15 20 direction. The

imatheay dingctigrealenast asifar as e teedpointi ki (thaughathisi istnod visible in
on one side. The ground plane 5 is a netal plate. The

F6@8. fl{a)@and 1(p)pthefe B arsatatiyap ipetiviees the féed poinband the upper
the radiation elenent 3 at a “"feed point”. The ground

ghggggﬁﬁ kag.ﬁ}d ,blané a% VibWwas i P & HBStI'haﬁlsf fHe fé‘édtﬂlﬁnt is

thoug thls IS not VISIb ein

f ed
M‘?ra}ﬁ S’ @é')“&g'i ﬁad ?@at%dg% S@otﬁﬁé P anégg (ggs
viewed in FIG 1(a)). That is, the feed point is
further in the y-direction than the upper edge of the
%Mound pl ane 5. W have found that, as confirnmed by

@ havenfiound mat.r@esmnfgmde@emeeﬂm@tm resylgpresented below,

omi -directional radiation (i.e. reduced gain
gaovdaimwoirdirectiohal radeatiani (De. |(e,duz:¢d gairavariatedi intthe ©)evation (y-z)
good omi -directional characteristics in the x-z
plaSradition) @abajdtbrnhi-difectivpal enarattdrigtics Irtheotz tpene, are

radiating elenent is close to half way

obtained if the center of the slot on the radiating element is close to half way
along the radius of the circular radiating element 3. That is, the distance e
indicated on FIG. 1(a), between the diameter of the conductive patch 3 in the y-
direction (which coincides with the centre line of the microstrip 7) and the centre

of the slot 9, is one quarter of the diameter of the circular radiating element 3.

This corresponds to e being about one quarter of the wavelength 2 in the
substrate corresponding to the centre-frequency of the bandwidth of radiation
emitted by the radiating element. The width of the slot 9 is chosen as about half

the width of the 50-Q microstrip line 7.

FIG. 2(a) shows simulation results of the return loss of the antenna of FIG. 1(a),

using a diameter d of 36.8mm. The dielectric constant of the substrate is 3.38.
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along the radius of the circular radiating el enent 3.
That is, the distance e indicated on FIG 1(a),
bet ween the di aneter of the conductive patch 3 in the
y- direction (which coincides with the centre |ine of
the mcrostrip 7) and the centre of the slot 9, is
one quarter of the dianeter of the circular radiating
element 3. This corresponds to e bejing about one ,
hoaeermpatson, HdGaziR) M%SWH'WQW@SUEE%@&?’h?@te””a identical to
corresponding to the centre-frequency of the bandw dth
tfat oA fiGt 1(@) in the casalthay thehslot Sds aot prgsent(alirthe ofher
width of the slot 9 is chosen as about half the width
phrdmistePdképtirmhanged) Ih ieaeh of FEGS. 2g{)andsib)tise vertical axis
simulation results of the return |oss of the antenna

i .
Shafie e fGiEtn o83 oA o eRls HeZpotritmalotey.
conmparison, FIG 2(b) shows sinmulation results for an
antenna identical to that of FIG 1(a) in the case

at the slot 9 i.s, not present [1,th her

e rpter e qianey in A asTebh cdrhied & helf 8 Sum.gf thpJower
(b) the vertical axis shows the return | oss and
NSWRiT dreawensy (38 Gpainfi@g2@) kand higher & SRy 2:10pequency
The center frequency is here preferably defined as
(B6IGHb & FLG) 2(B)), teatliowdr3+6/5)VIR-42 9 Gz eijatenttwat Othed deffinitions
in FIG 2(a)) and higher VSWR 2:1 frequency (6.5 GHz
afe kh&wn 24 #is field)For ekambpfe, #rah beldefindd@¥ theYeterntlbed (s11)

other definitions are known inthis field. For

. £ | _
GRS e AT St el o2 bl n o
é.(a%'GHz as shown in FIG

The center operating frequency is such that the corresponding wavelength in
the substrate is less than twice the diameter of the circular patch. As shown in
FIG.2(a), with a bandwidth definition of 9.6 dB return loss (2:1 VSWR), the
impedance bandwidth is from 3.3 GHz to 6.5 GHz for the first embodiment. As
shown in FIG. 2(a), the impedance bandwidth ranges from 3.5 GHz to 5.6 GHz

for the antenna without the slot.

FIG. 3(a) is the radiation pattern of the first embodiment in the y-z plane. FIG.
3(b) is the corresponding pattern for the antenna without the slot. In these
figures, it will be seen that the gain variation is apparently improved by the
adding of the slot. FIG. 4(a) shows the maximum total field gain of the first

embodiment, against frequency within the operating frequency band. FIG. 4(b)
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2(a). The center operating frequency is such that the
correspondi ng wavel ength in the substrate is |ess
than twice the diameter of the circular patch. As
shown in FIG2(a), with a bandwidth definition of 9.6
dB return loss (2:1 VSWR), thﬁo i npedance bandwi dth is
from3.3 Gz to 6.5 G4z for the first enbodi nent. As

SheWS thé nfdximur @tal fiel gaifiritamstdrdemieioy df the aneana without
from3.5 G4z to 5.6 GHzg for the antengg w t hout the

‘ i g lid f e first
e A i AL
correspondi ng pattern for the antenna w thout the

slot. In these figures, it will be seen that the gain

variation is apparently inproved by the _adding of the
Jugning to EIGR( (@) anguL) thee amketisent of tap w\%&%ﬁn& shown.
the first enbodi nent, agai nst frequencg within the
&ementsrapriespqndingytolihosk of FIGS 41(a) and (b arendenasted by the
maxi mumtotal field gain against frequency of the

s Yeferehtd AumeralBe The @nly differdride bstweesnrthe ffinst apwl second
also is inproved by the slot. 5 10 15 20 Turning to

EhfBodiments ié@ﬁ*%t(iﬁ)the §e?@f§@€ﬁ’1b%ﬂ‘ﬁﬁéﬁtrfﬁ€tra_&fatih @lement 3 is
Invention is shown. Elenents corresponding To those

Bl GbaTi P i g XPBA A I 4, m the -
S o B B3P endind et i 735 secon
with its major axis in the x-direction and its m nor
grhodimenhareythe same as the first embodiment. in the x direction, the

primary axis diameter was 27.2mm, and in the y direction it was 24.3mm.

FIG. 6(a) shows simulation results of the return loss of the antenna of the
second embodiment. FIG. 6(b) shows corresponding results for an elliptical
monopole antenna without the slot (all the other parameters kept unchanged).
The centre operating frequency corresponds to a wavelength in the substrate
which is less than twice the primary axis diameter. As shown in FIG. 6(a), the
impedance bandwidth (2:1 VSWR) is from 3.4 GHz to 6.1 GHz for the second
embodiment, while as shown in FIG. 6(b) the impedance bandwidth ranges

from 3.7 GHz to 5.6 GHz for the antenna without the slot.

FIG. 7(a) shows simulation results of the radiation pattern in the y-z plane of the
second embodiment. FIG.7(b) is the corresponding pattern for the antenna

without the slot. From these figures it can be seen that the gain variation is
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direction. The ground plane 5 and the feeding
mcrostrip line 7 in the second enbodinent are the
same as the first enbodinment. In the x direction, the
primary axis dianeter was 27.2nm and in the y
direction it was 24.3mm FIG ;f(a) shows sinulation
results of the return [ oss of the antenna of the

sRpAVEdLTDPe éﬁm‘i? ofihe sI6f ®)FIsh@(a) stowtheomdiingum total field

results for an elliptical nonopole antenna w thout

%gﬁfn Sf Ak seRbhd b dtif ?ht B élﬂgﬁtr @Bferﬁf&{l@?ﬁ%@wnhm the

e centre operatil ng requency c on

wavelength in t [

ERErertTychey Bagp Ei%?fb?ag%@ﬁﬁﬁﬁ iy fc?%';* S5 against
i npedance bandwi dth (2:1 VSWR) is from3.4 G4z tg 6.1, .
tRsueBeY ohtbesaigRee witheukihessiot O Agaia ean be sRen dhatidain is
6(b) the inpedance bandwi dth ranges from3.7 GHz to
imprasied yothetdlet @int enna wi t hout the slot. FIG 7(a)

shows sinulation results of the radiation pattern in

the y-z plane of the second enbodinment. FIG 7(b) is

the corresponding pattern for the antenna wthout the

AiPbugh N VBEESH fh'aQLHe“é‘ﬁ é)@pléiﬁ@d hedét%w.fmféfeﬁéﬁeeqaltﬁb two

varla?| on is 11 inproved by the adding of the slot
Sl ntD, e B e B BB
VRESNA FERISRLIE Wit B S apa iR rverition foh ekaBpa: mfurther

antenna without the slot 9. Again it can be seen that
gmbodimept cambevermes whigh l§|cbl?er9nt Epribedifst ard second

i nvention has been explained in detail with reference
tembiddiments oyl thatdine sadibting elententidnisequiacmor eatangular.
limted to these fornms, and many variations are

PQfw, hhe st tohis rpafréllélwmy-@lirebh@w | andethiel sUsitidrosf the slot in the x-
exanple, a further 10 enbodi nent can be fornmed which

Iofretitibh & SilstdhtRily I duidridr ottt WaGEMRAgth of the centre frequency

of the bandwidth from the line of symmetry of the radiating element 3 which is
parallel to the y-direction (and which coincides with the centre line of the
microstrip line 7). Again, we have found by simulation that the slot improves the

y-z gain pattern.
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10 13 Cdainms 5 10 15 20 1. A nonopol e antenna which
conprises: a substrate, a conductive ground pl ane
formed on a first surface of the substrate, a
circular or elliptical radiating elenent fornmed on a
second surface of the substrgje opposite the first
surface; and an elongate mcrostrip fornmed on the
opgimed surface of the substrate and connected to the
radrating elenment, a single slot being forned in the
radi ati ng el ement and extending froman edge of the
radi ating el enent parallel to the mcrostrip. 2. A

nopql e antenna . whi ¢ ' ... & Substrate, a

5gndu WQOB?@LﬁmeBHI‘%g’Q&?‘O?%aﬁ%%S‘a first surface of
the substrate, a radiating elenent formed on a second
surf a@SUbSBlR substrate opposite the first surface;
and an elongate microstrip forned on the second
sur f aaeconiductive gumund plane formed onadirsteuface ofdhe substrate,
radiating element, a single slot being formed in the
radi aki dhuiroriiptisadragidtimgoelament fomesd on a second surface of
the substrate opposite the first surface; and

an elongate microstrip formed on the second surface of the substrate
and connected to the radiating element,

a single slot being formed in the radiating element and extending from an

edge of the radiating element parallel to the microstrip.

2. A monopole antenna which comprises:

a substrate,

a conductive ground plane formed on a first surface of the substrate,

a radiating element formed on a second surface of the substrate opposite
the first surface; and

an elongate microstrip formed on the second surface of the substrate
and connected to the radiating element,

a single slot being formed in the radiating element and extending from an
edge of the radiating element parallel to the microstrip, the antenna having a

bandwidth centred on a frequency corresponding to a wavelength 4 in the

substrate and the slot being spaced from an axis of symmetry of the monopole

antenna by a distance which is substantially 1/4.
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edge of the radiating elenent parallel to the
mcrostrip, the antenna having a bandw dth centred on
a frequency corresponding to a wavelength A in the
substrate and the sl ot being spaced froman axis of
symmetry of the nonopole antgpna by a di stance which
is substantially,/4. 14 3 A nonopol e ant enna whi ch
conprises: a substrate, a conductive ground pl ane
formed on a first surface of the substrate, 5 a

padi ap r%ns%slg%meﬁﬁ& WhikrOgorpAssend surface of the
substrate opposite the first surface; and an el ongate
m crostrip. fornmed on the second surface of the
subst?é%@gugﬁ% connected to the radiating elenent, a

single slot heing fo din the radiati ng el enent an

oxt ondi ROOKIEHNR SFPUNTOPIanE SOTGHEt Al 3 el SHTaG O BrsubState,
parallel to the mcrostrip, the antenna having a )
bandwadatiatisgtalemenhfosmedaiue segord sudag atithegsuhstrate opposite
wavel ength A in the substrate and the slot being

theafist shiface;aandaxi s of symmetry of the nonopol e

antenna by a distance which is in the range 0.20 to

0. 30. anlorgat&mRR3stip forAfeeP il tHsécord firfacd dfitheldubbtrate
the slot 1s spaced fromthe axis of symmetry by a

gt [ LS. kiBs: 0.222 to 0.282 . 5. An
ghae‘%ﬁgggccgggpézaé'gtlgﬁgl% cFai ne 2 tg 4 in which the
o a7 Rl 5 6 o BR R Bening from an
radiating elenment is elliptical, with jts axes .
edgp & the; eadjating g!en@nttp@r@f%u tq thenicsestap; the aptenna having a

bandwidth centred on a frequency corresponding to a wavelength A in the
substrate and the slot being spaced from an axis of symmetry of the monopole

antenna by a distance which is in the range 0.201 t0 0.30 4.

4. An antenna according to claim 3 in which the slot is spaced from the axis

of symmetry by a distance which is in the range 0.22. 110 0.28 4.

5. An antenna according to any of claims 2 to 4 in which the radiating

element is circular.

6. An antenna according to any of claims 2 to 4 in which the radiating
element is elliptical, with its axes respectively parallel to and transverse to the

microstrip.
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mcrostrip. 15 7. An antenna according to any of
clains 2 to 4 in which the radiating elenent is
square or rectangular, with its sides parallel to and
transverse to the mcrostrip. 5 8 An antenna
according to any preceding clggmin which the
mcrostrip is a 50-0 mcrostrip line. 9. An antenna
gccor finghtéAnRBECHIARFD étgl 6f Gaimd 2 tovai ia wHidie tisd Ridiating
substantially half the wwdth of the mcrostrip line.

_ : N . e
SRt i SagRisr OB oRRRRIAT, WA\, %G PARRELI S lrdhRlcrSe to the
ﬁtch transverse to the length direction of the slot.

CrOgHIA-t em of consumer el ectronics incl udi ng an
antenna according to any 15 preceding clai mand
el ectronic circuitry for generating and/ or decodi ng
radio signals respectively transmtted or received
8si ng Anrantenna aneording to any preceding claim in which the microstrip is a

50-Q microstrip line.

9. An antenna according to any preceding claim in which the slot is

substantially half the width of the microstrip line.

10.  An antenna according to any preceding claim in which the slot extends to

a line of symmetry of the patch transverse to the length direction of the slot.

11.  An item of consumer electronics including an antenna according to any
preceding claim and electronic circuitry for generating and/or decoding radio

signals respectively transmitted or received using the antenna.



