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~ . . l'i(4\9.5 

. 'tha: present invention ·!relates to an .antenna ~ · .Pc,...,-

. · d~vice . f<.>r u•e ·in :ta<;lio . frequency communication. The . ttf..l tf.s 

,. 5 

·. ;IJltenna .dev.ice ·of the present invention is particul•$:ly . 
. . .' . . . . . , ~ . 

suitable, for use at· higher frequencies,. _such as thoi; ~. 

&mple>y,4-inmobile·telephcnes, but tnaY. be used for 

l.:">Wer frequencie11 .·a&. well. The present invention ·al r. o 

J:elate1s to.·· a· :mobile . telephone incorporating an. imj>r-: t•ed. 

ante~a. 

10 · In .the prior. art, a large variety of antenna 

15 

sy&t.-ms have. }?een employed, depending on the frequer .cy 

' employed._, and the. physical. Qonatraints on the anterl:'fR. 
. . . . . .. / 

:'for low ·frequenci19a, a long wire .or .. ~:f?Ole is ·often 

u.••d•. 
There . is ala_o known, ·for use at low frequ.enci c 11.1, 

an o~en-lQQp .~erial, ·as depicted in Fi~.· 1a in whi<i', an­

open. ioop o:e wire is spaced from. a ground plane by 

insulators.: with one end· being capacitively tuned· t~) 
. . ·' . . . 

ground, and t.he ·signal fed at a tap close to. the ot ler 

20 ·end., ~ch is shorted to grO'a1Dd. The circumference.t1,of 
. . . . ,. ; 

the .. loop is. appr~mately .one quarter of the wavel''·°'Y.th 

of the aigl)al 'tO be transmitted or received • 
. · . 

This ·suffers from .. the disadvantage that comp l ~ x 

tunin.g 18· ·r$qui~ed to achieve a desired resonant 

25 frequency and impedance. · Furthermore the antenna : IJ 

bulky. due to· the large insulators required to spac1· the 

antenna :f'rom the ground, to prevent breakdown of tL.e 
. . . . . ' 

air. It has been .. difficult to use this antenna aqt-. 
. . . ' 

frequencies above 100 MHz requiring specialized 
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?Q,nufactur:Lng techniques. 

:AnQther type qf ante~a, .. used .fo:r: higher 

frequencies, sucll a11 in portable television receivet.s, 

is. a simple· open-loop aerial, ·whaz:e the. loop .1 . . . . j:t 

s circumfe~11ce is approximately· equal to the wavelens~t.l:\ 
. . 

of the signal. ·• In ·this ca11e, · t~re is no. ground pl1·,ne 
. . . . . . . . 

. . 

and tbe loop is nermallymouttt•d with its plane 
. . .· .. 

vertical. This is illustrated in Pig •. lb. 
. . 

.· For use in mobile telephone•h ~here the 
. . 

10 frequencies a1:'e approximately: 900 MHz, .md the ae:rJ .. ~1 

must.be·compact, .a short ru.):)ber :red with a helical. 

winding, such aa illustrated in Fig. l<h is general+Y 
·. . . . •I:. 

used. Because it i_s necessary; to make such an. aer~Ut. -
compact, -the aerial. usually ca~ot be an optimum ln .1gth 

15 for t.he wavelength uaed, and is tb.ere~cre _ ineff icin::tt •. 

. 20 

Furthermore, - the aerial :rad,iates uniformly, so in i1 

mobile telephone an. appreci~le amount ~f · energy gl! i~s 

directly into the user. 

The p:r:•aent invention seeks to provide a nov19._l 

an~~nna, . which ca~. be made .. cQmpact, can be ~oupled~f ~o a 

variety of tr~nsm.saion .li11ea, and. :Ls. generally mc.'::·t .. 

-efficient than a conventional antenna.of ~he •ame 

dimensions. 

·The ·present !nven,t"ion provid•a.· •n •nte~na. de,· ~ice· · 

25 comprising: an electrically ·qoQduc~ive,c:losed .loop 

spac.ed above a ground plane, with two co=ection tnint• 

·spaced. around.the lopp for:connection to a radio-

frequency. transmitter or receiver. _ f . . \l: 
Preferably the circumference of the loop is ·.· 

30 between. one half and three quarters -of· the desire.:'.:' · 
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signal·wavelensith •. Typically, _the circumference is 'let 

at about :fi~e. eighths of· .the wav~length, or less • 

. However,·this.maybe ·reduced to.about a third or laFS 

. of the f~e-apace waveleng_th .·if a dielectric is 

5 pQs,itioned between· the loop and grc>unci.plane. In 

10 

. addition,_ the. siz• depends on ,t·he arrangement uaed :'.'.,:>r 

:11atching the· antenna t() .. a transmiasion line . 
. ··. . . . . . . 

. ·.The _shape of the loop ;ls preferably subetantir.lly . 
. . . . . . . . . . . 

~i:rcular, 'but: Other shapes SUClh 88 SqUaraa,· heX&g'Of~,:: • 

. tr,ianglea etc .. may be employed·. FUrt.hermore, the ~:"lape 

maY ·be chosen t·o achieve a· desi,red radiation p·att•n.: ·~, 

e· .. si. by using• inegular · sh.apes. ·. 

'l'he __ loop 1• · ~referably pla-na,r, .with the· planu of 
. . . . 

th~:lo0p subatantially.parallel'to the· grou:i;id.plann. 
. ·. . . 

15 · ·•· W}.).en the· .. t.,ransmission l:l.ne ·is connect'9d diret2":ly · · 

to th.e loop, the two connec~iQn ·points are ·preferai:,ly. 

spa~~d ~t_;en 2·.s~ and 9,oo: ap~ (when the loop itr .a 

circle) , typically 35° to so 0 , or abo'U.t 45°. In s:>me 

c::ircum&t·ancea, _however,· the spacing. ·can be 120° or 

· .20: larger, · .dep~g ·c;m the ~r:tangement:· .tor matching \4~· 
tran.smi~sion 1.ine to the' loop .. · 

. ·Al\· advantage . of. the present in~nt·ion is tha~ · the 

impedance and ·re,o~nt. f~~eney of t~. antenna· c_aa be 

.11djusted by varying the. spa_cing _of the loop from t~:1e 
. . .. · . . . . .. . . 

25 ground plane,· and/or by.altering. the- dielec::tric 
. . . . . . . . . . . . . . . .. 

. . . 

material and/or by changing the ~irc~mferenoa of t~e 

lo~p_. . This may. s~mplify coupling t;o a transmission 
. . . . ' 

lin•-~ · The impedance and/or resonant _frequency· an~or 
. . . . . . / 

:the bandwiclth and./o:r the efficiency can be adjust-1-'d .by·· 

30 varY.ing the position.of tb,e-cqnnection·points. 

r . 
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·· ... · The apace between the loop and the grqund plan~, 

could be filled with air,. ~ut_prefaral>ly,includes a 

· ... dielectric _having a _·hi.gher. relativ_e ·.pezm:i,ttivity, (}~ · 

higl)er})reakdo~ voltage than.ai; .. If a dielectric'f.s 

.· · .. s ; ueed, · t·he overall · dimenaicma of tbe · antenna. may be 

;r41duced :relative · to . the · d:l.mensions of.·. an· ~tenna with 
I 

an air dielec:tric. The reduction in size is . dependr.-i.nt · 

on several factors· inciuding the velocity.factor . 

(rel•tive permittivity) of the dielectric and the 

10 .dimensions of the antenna. 

More preferably, trus.s~ac;:e between loop and t;te 
. . . . . . . •1) . 

ground. plane 111cludas . two diele~tr~cs . of dif fe:ring · 

permitti,,.ities, and.pre.fe:rably ~he ·aielectric "fith :·~he ·. 

higher permittivity i• closer .. to tb_loop. The 

l~ diel_ectric adjacent the loop ~:raferably has a relat;ive 

pe~ittivity of at least 2, and1nay·be glas~-fibre 

board having a. p~rmittivi,ty ·of. approximately s. 4. . 'l'he 

dialeatric adjacent the ground. plane can be air, wJ:.·.ic:h . 

20 

i~ found to.give goo~ radiation .efficiency. .Othar 1-. .· 
'~> 

dielectrics, .such as P~FE o:r·pqlyamide, having low:. 

re]..tive_ permittivities. (preferably ·less than about .. 2) 

may be used. 

The overall spacing between the loop and the 

ground plane can vary_, ·but .is pr~terably m.ad.e quit··.1 · 

25 small. For use at frequenc;;iea from about eoo MHz--:~200 · 

MK_z, it is prefer~ly. ·less .than i cm, .more prefera:>ly · 

less than 5 mm, preferably about ·2 to .3 . 5 mm,· so t}»i.at a 
\o'I 

compact. ••rial can be formed . 
• i~ /. 

. The ante:p.na device may be· formed on a ~oublt~ .~ 

30 sided·printed circuit bo~rd,. with one.side forminir. the 
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.ground plane, the.loop being formed.on the other.aid•,· 
. . . . . . . ·.. : ·. 

and the board serving· .. as .the ~iel~ctric. In this war~ 
. ~ . 

a .. v·~ compact .. and 11asy . to manufacture antenna devid~ . 

. may· be · forined. 

5 M9re advantageQUsly, the antenna may comprise two 

lO 

pieces: of printed circui~ .. bQard, each comprising a 
. . . . 

~Ubstrate ·having an upper ··conductive layer. maintained 

spaced .. apar~ an4 substantially pa.rallel, the upper 

conductive laye;r of ·the UpPeZ'JD()st board forming the1 

~oop, an4·the uppe~ conductive.layer of the lower . 
. . . . . . ·. . . . 
print;ed circuit board forming the ground plane. Wllf•:h 

this. 'arrangement, the- spade between ·t.be loop and .tb!l 

ground plane includes· the .. substrate of the upperm01r: . 

board and . the . a:lr · between·· the boards. Thia· 

15. an-angement is found to give good radi•tion.· effici•;..::icy. 

. ~o 

Preferably, said two .Printed. ci,rcuit boards: .. 'l-tG 

maintained spaced apart by at ~east· one spacer. 

arrange~nt allows·pararnater•, such as re•onant 

f~eq&iancy to be adjusted simply by·varying the 

thickness 01! aaid at least one spacer. 

:.; ~ ..' 

The· at least: one spa~er preferably . has a s~.~-1 · 

·area compared to .the area of .. the: loop, preferably :::10 

more t:han lOt of the· area of· the. loop, anci pre!arl1Aly 

i:s not poaitioned i!f.dj acent a volt.age max_imum. point: of 

25 ··the loop. · 

As an alternative to th• above argument, a .t 

substantially continuous ·sheet of cs.i.electric of .. l#s,,:r, . 

permittivity than. the aubst.rat;.e o~ the uppermost .t~;.:>ard 

ma,y.·· be used as. a ~pacer, the· thickmlas of the SPilCA!r · 

30· be:l.ng selec;:ted as required. . For example . the. uppt.!~St 

.. Rec·e i ved Time 28. Apr. 16: 17 Print Time 2 8. Apr. 16: 3 7 

-·· 



28 APR. '95 Q ··21 ., . MEWBURN ELL IS +44 17 i1 2409339 l29T.1· P, 9i42 · . •· 

. THIS SHE.ET HAS ~~EN. I 
REPLACED .· · 

. 6. 

circuit ba•r<!· lft&y·ha~ aglae&fibre substrate, and the 

.. sheet .may· b.e farmed from .PTFB. or poiyamide. Thi• ·f 
. . 

arrarigeme~t, ·,which does not ... require air betw11en the . 
. •. 

boards:,. may prc;>duce a more rigid antenna. 

S . As mentioned above, the :ant•nna may be formed t>n 

a. pr~nted circuit board. In.·add.ition to aubstant!a: ly · 

:rigid substrates, such as glass..,fibre or SUP, a 

flexible substrata,. such a19 _acetate or .Polyethylene may 

be used. . Such boards are commonly referred to in the 

10 art as,11flexi-boards 11 , and tli• term printed circuit! 

boa~. aa u11ad. in this specification, is intended t".t::. 

15 

. .: .· . . . . 

encampas• a;Ll .such variants; .. the essential requireii·~'nt. 

is that the board comprise•;& conductive .(e.g. . . .. 

metallised) .... traclc·· on ·an insulating .. substrat.e •.. 

. . If .· thO printed circuit ~oard· ·i• fle~ible, it nay 

be 11\Qre read,ily mounted on a ;surf ace: .which possess 'i. .... 

degree of curvatu::r:e, .. sucb·aa a vehicle wind.screen. 

xn· a :development of the invention, a further-{toop 
.. 

may be epaced below the ·g:round. plane. The furthei· 
. . 

20 ioop preferably incarpox-atea .a resistance, of typit;nlly 

less than 100 Q. This can inc;:reaae tne ratio af ttt) .· 

s.ignal given _above ·the ground pla;Lne to tbe. signal }:·iven 

· ~elaw · t.he ground. plane. Th:l.11 ~evelopment. of the 

inventi= incorporating a loop belaw the groun4 plnne 

25 ~Y be.forJned on a ft\Ulti•layer printed circuit boa~d, 

or on. a plurality of spaced .J::X)ards. · 

·.Antenna devices according to. the present 
. . 

:1.nventiC)nmay ~··used ovar·a:·v•:r:y .wida range of 
. . . . .·. .· 

fraque~cies, ·.by selecting the. dimens~ons · •ppropri11 tely · 

3 o for the frequency employe.d. How•ver, the antenna 
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device is prefera~ly employed . at .frequencies above. ~o·o 

. MHz up to severa~ .tene of GHz. · Particularly~ it ma~! ":be 

used .at tre~enciea.~f around ~00-1200 MHz,. as used in 

mobile telephone aystema.. At such ·frequencies, . the· 

s loop may be f~:med on a .first printe4·circuitboard· pf 

al>out 2 mm thi.cknesa ·Or· less·, spa~e~ about 2 mm fror.·1 · ·• · 

second circui~· _b~rd form:L~ the. grC>Ulld plane, the · 

assembly being ·about · 6 mm .. t~iok or. leas.- an~ having 

sides . of about·., c.m or 1••81, · :~o produce . a very ·co~f~t 

10 
. . . ~·, 

.antenna •.. 

~ther advant•s•· the P.res1111t invention provi(laa 

. is t~.t a aubstantial~y vertically. polaria~d signcal can . 
. . . . :: . . . ':• . . . . .. . . . · .. ; ··: 

be generated ·~rom a h()riz~ntal.ly mounted.planar ant~·arma 

device .. The radiation. pattern,. of the hori·zontally . 

lS . · mounted device can be likened to that. of a vertica:i J.y 

mount~d half·~wave. dipole. 

Previously, it .h&a be.en necessary to have a· J. 
vertic.ally protr\ld.ing .antenna .in order· to produce I.'.'· 

vertically-polarised signal. · 'l'his ~s · ma11y· 

20 · disadvantages; .. for .exampl.•, when mounted on a vehi.e!:te, 

.. 25 

· a protrudi~ aerial. :is.· conspicu.ou11,- ·causes . aerod.yztt'\mic . 

drag,. and is. prone t;o vandalism. . 

The bandwidth of the antenna can be altered by 

altering the thickness o.f the looJ' in· a radial 

direction • '~ . 
. f 
' ~ 

A.Ccording ·to a aevelo~nt of the invention, ' 

additj,onal conductive portion11 may be attached are')nd 

.. ·th11 circu~f,rence of:'. the loop. 'l'hea.e may be 

. positioned ao as to act aa .tuned no~ch filters, t.:,• · 

30 redu.ca the antennta ·efficiency. at sele,ct•d frequ•n(.:les, 

Received ·Ti nie 28. Apr, 16: 17. Print Time · 28.AprJ16:37 
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or ·t(> tune . the . antenna to a p~rticu1ar transmission rt 
··line ... 

The.· antenna device may b~ coupled .to known 

transmiasicmlines, in a variety of ways, a prefera'tte 

5 Tnethoc:l being to conn•ct an unbalanced coaxial line 

directly to the two ·connection .points, with th• out~r 

grou~ .connector . also connec.tad ·to the ground plane. · 

10 

15 

.. . . . . 

Alterii•t:ively, a balanced line may simply .be connect:ed. 
• . _q . 

to the _two conilectiorJ. points (neither ·of the conned~;l.on. 

points being connected d~rect.ly to the ground pJ.ane<t • 
. . .. · . . . . . 

' All fu;ther alt;ern.atives;. other: .known me.ans of ·feed:l.:.0ug .. 
. ~ . . . . 

-an .. a:nte~a·• may· be used, in part'.iC1.llar .capacitor.a. ar,vi/or 

· inductors. may be .uaed to couple· the· antenna .device .:~o a 

transmi11sio11 l~ne of.agiven :Lmpadanc~. 
. . 

A .preferred ·arrangement for coupling·. the antenna 
. .· . . . 

d.avice to .a (coaxial) line is to provide a 
~ . 

substantiallyarcuate-conductor stub in the plane~ 

·the .loop, out;aide and.substant.i.ally parallel to a 

po:r:tio~ of th8 loop,· said conductor stub having a 

20 connection.point alc)ng· its length joined to a first·· 

connection point of. the loop and to the ground. pla1,.e~. 

the . outer conductor· of the -coaxial line being connc;;cted 

to an .end of said.conductor stub, and the centre 

conductor of s.aiQ. coaxial line being : connected ·to ··~Ila 

25 · second connecti,on point of the 1~. .:i\. 
'l'he length and thickness. of said conductor 11~.ub, 

its spacing. from the loop,. and the point of .join:l>tt<-:,.to: 

.. the loop a.:r:e selected to give the desired impedari,;:~. and.: 

capacitance .to match the loop to-the.coaxial line -i.t a 

30 desired frequency. · In _addition, the. length of •x.it!'laed. 
· .... 

. ·· ... -'' 

, . 
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. central conductor.of the transmission .line .is.adjusted 

· to provide• deaired reactance. for matching.the 

transmission line.to the loop. The position• of ,t:b.e · 

connection points e.round the loop are also varied.t¢­

. s obtain the desired impedance and resonant frequency. 

With this ~rrangement, ·. tru. cozin.ection points •l.t:'e 

preferably spaced 60°-120° apart. More preferably ~he 

connection point• are appro.ximateiy 90 ° •part, 1 
· ' typically being spaced 70° -·110• ·apart. 'l'his._ ~Y mali.e 

10 the characteristics of _the loop. relatively inaensit~.ve 

to manutact~ring tolerances .in positioning of the 

connection points . 

. , The effective eleccrical. length of the .loop me.:'.y .. 

be al~ered (sho'rtened) by forming ,a_ short circuit. i::rom . 

. . 15 a point on . ;the loop to a. portion of the cond.uc:;tor st.ul:). 
. . . t 

If .. the··loop is :formad·on a printed circui~· boilrd., .. 
", ' ' a 

'! 

the conductor stub may adv.-ntageously be farmed· on ~··.:n.e · 

same board.· 

Advantageously, the transmission line (e.g .• 

20· coaxial cable) is connected (e.g •. · sclde:ted) directl·~i: to . 

the .surfa,ca . o~ the -loop. . This avoids the need for . 
. . . . 

extra conductive portion& around. the loop which. mal'' · 

alter its. characteriatica ,: and allows the position ··lf. 

the . connection points t<> be ~djusted. relati.vely. easJ~ly. 

25 . According to a•· development of the invention, 

means: can be provid,ed for. varying the length of. the 
. .. . . . ·. . . . 

.F.!lectrically cand.uct.ive ~cop. ·.Typically, this can ':a. 

achieved. by provi~ing a non-closed loop, in .whicih tiach 

end is connected to a. joining·po:r.tion· comprising a ... · .· 
. . 

30 conductive part. The two conductive parts,· optiomt-lly 

J. 
':f." 
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substantially parallel, may be joined at any of ·a . 

number of places along their length,· so that the tot.al 

length· of conductive loop is varied. 

Generally; ~he reeistance of the.electrically 
. : 

. . . 

5 conductiv~ closed loop ismade"low, typically less t.han 

lo. T:his ·reduce• re~i111tance.1oases~ and increase• the· 

Q factor of the antenna. 
. ·• . .' .. However,. aceord.ing to anot;heJ; 

l 

development, . the resiatanc:e. ·o~. _.the · loqp can be ·j; 

. -increased.·, tn;>ically by insert;illg .• resistor (of 

10 . typically from 300 Q· ..; 600 a) in the loop ~t a joinil1g' 

portion, to·produca a wide band antenna device, hav:Lng 

a lowQ. 

AocordJ.ng·tq a further development of the 

. invention, one or n\ore conductive. loops which are 

.15 ·either· g~ater. i~· circumference, or Cm.ore ~ypically) 
. .. . . . . . . . ' . . .. . 1· 

·. smaller in circumfarenc:e than· _t;he.- loop of the basi_c 1
· • 

antenna- device may -be ~mploy~d. 'l'hesa may be co-pl;.l\\a.r 

with the baeic ante.nm. ·1oop Jif that loop is itself 

planar), or may })e loc.atad above .the basic loop, Ol! 
. . . 

· 20 ·.. more typically between . the biiS:iC . loop -~ '.the. grou1.1~i 
. . . 

plane. These c::•n act to:alter ~he directional patttJJ:n 

.of the: radiation~ and ca~. ba. used. to a~hieve great.e>r 

gain or directivity •. 

Preferably, where.the basic ant;enna·dev.iae it", 

25 formed as a l.oop on a printed circuit ~~rd., t~ 
. . . . · . 

. add~tional_-loop or loops may be fozmed on the same 
. . 

surface as the basic antenna loop. 

According to anotb.er.~11pect of the invention, one 

·or more capacitors 'can ·be in&erted in the· ·loop 
. . . . . . . . . . 

30 (connected in aerie•), ·· Thi.s •allows a wider bandw~?~th 
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tQ .b• attained., and if these. are ina•z;ted in· a· 1oop ·bf . 

. irregu~ar shape, ··a compa~t antenna device having a · 

. .. . . . . - .. 

give~. directiona~ pat~ern can oe aqh1ev•d. _Typica1;ty; 

in an·antenna dev,ice for use with s,ignale of the· 
. . 

· s frequencies employed in mobile telephones, the. · 

cap~c:Ltor, or capacit~rs will each have capacitance in 

the range .of· about o. 03-14 pP •. 

.-According to yet another ·aspect of the .present 

in~ntion, . the antenna deviee of the present . inventJ;on 

1.0 may be used to drive other antenna array systems wh~.flh 

are otheZ"'1ise difficult.to.·couple to a· standard 

transmission. line. · 

The . antenna device of th• present invention may·· 

be used in: phased arrays., or. in passive arravs • 

. 15 The. present·.invention also. provides _a 1ll0bile. f 
. . . . . . : \. 

telephone inc_qrporating such an_ ante~ dev~ce. Th~. 
. .. ·. ·. . 

antenna device. _can be ·mounted: ao t~at the ground"."pl.,'.?'ne 

i• · between; the user · 11.nd. the loop. In this way, the ·. · 

user may be shiel~d. from the radiatien by . the grou:,:id 

20 plane, . with .the overall ·size remaining very small. It · 

has been suggaated· that 'radiation from mobil.e telef}t!.One 

.. antennae .. can have disadvantageous ·affects on: a usez, 

but it· has not hitherto been possible ta provide a f 
. . . 

. ·;1. 

small efficient ·antenna device for a 1ll0bile teleph:·ne 

2s which enables the user.ta be shiel~ed.. 

·Em0ad.~ments of the present invention will now be . 
~scribed, by way of example, with reference ~a thr-,, 

following drawings in which:_ 

Pigs. 1a-1c illustrate examples of .pria_r art .· 

~o antennae; 
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Pig. 2 ·is· a sc;:ihematic _<liagram of a· first 

embodiment of the present. invention_; 

Fig. 3 is a plan view of a" prefan-ed embodimen.t. 

of ·the -present i.n~tion; . 

. Fig.. 4 is a side '\Pi•w of the embodiment of i'ig. 

3; 
J! 

. Fig. S shows schemat°ically alternative ways ot'; 
coupling an antenna dev:i,ce-of tha preeent invention to. 

tranam.ission lirtea; 

, -Pig. 6 shows •chematically.an alternative 

emb()diment; . 

·Pig. · 7 shQws schematically develoi>menta of thff'. 
. . 

invention in which distort.ion ·rings are present to· 

alter the· field pattern;· 
. ~ 

Fig ... e shows· approximate plots of :t!ield patte:"'nt•· .· 
. . 

·obtained ·:Ln the present ·invention1 

· · ·Pi~~· 9a and .·9b are poiar .plot.s ·-showing ·radia.t.ion 

patterns ob.tairied with the.embodiment of Pigs. 3 ard.4; 

and 

Jigs .. 1oa ~d lOb are comparative polar plot1~: 
. . 

.showi~ polar plots obtained with·th• .conventional. 

antenna of. l':ig. le. :•1 
As s~ in Fig.· 2 an embodiment of the p:r:est~·';11'. 

i:nventit:>n comprise~ a loop 1, typically· c_i~cula:r:, . · 

spaced above . a ·groµnd plane 2. by ._ dielectric :1. . .'rlJ.e . 

loop 1· is conductive,· and is typically made of COP}f•r· 

'l'h• ground plane 2 is also .conduc:tive_, and.,,is also. · ... 

typically made.of copper. The ground plane·2 is 

praferably ~ormed as.a continuous cond.uct~ve sheet, 
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but, for example,.• mesh, or other arrangement may !:ie: 

used.. Diff.ering arrange-.nts . of ground planes are ~'1•11 

lcnown in the art. 

Th• antenna device is ·t-ypically coupled to a 

s· . coaxial·. transmission line· ·s. The ·centZ"al conductor s 

10 

. .· . . . . .· . ~;:, 

o~ the.coagial cables is cozinected·to the loop at a. 
connection point 10, and the outer conductive sheath 7 

is connected to the loo~ at . a se.cond. connection poiiiJ: 

11 space4 apart from the ·first connecti()n point 10 · l:iy 

an . angle at. The angle at_ i• ~ypically 45 ° . The seec•nd . 

connection point 11 is also connecited to the ground; · 

plane 2~ . 'l'he coaxial cable ~a an outer insulating 

sheath B, ancl an· inner dielectric sheath 9 'between ':.he · 

central conductor. & and· outer·. conductive sheath 7. J . . . . . . . . . . . . . . 

· 15 · 'r.he dielec:triC: material tllaY be-, for example, 
. . . 

PTFE, glass fibre. board, SUP, ABS plastics; ce:ram$.<:~1Ei,. 

or ·other suitable materi~ls. ·xt is also possible l:-lr 

the space between the conductive loop· and the groun·:i 

plane to contain ·air. However,· the dimensions may ~11· 

· 20 reduced, and. the maximumpowet transmitted increasttd tf 
a suitable dielact:rig is chosen. · 

25 

·t 

. . . ·. . At high~r frequencies, e, g. · ab()V& 1 GH11, ~(· 
. dielectric · losses c&ti bec~e. · significant~ and the 

material.of thea c;i!electric needs to.be selected 

·appropriately.· It.has been:found that J='TPE·and 

ceramics materials are particularly suit•ble for ~·se 

at.higher frequencies, e.g~ around;2 GH:a. 
. . 

The thickness of.· .the gr<>Und plane should be . . . . . 

sufficient to enaur• low reaistivity, to·minimiee 
d 

. ~ 

3 a . resistive lo••••. . I; is d••irable to keep t_he Cond'4C:tor 
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thickness.· small t() reduce. weight, and because ~t high 

f requencles th~ ·current flows mainly near the surf -.C:e · · 
of the conductor. Pref arabl:y, the .. thicknes.- . i• less · 

than lam, and.more typically it ia leas thanlmm, e.g. 
s fo:rmad aa a conductive copper (or silver or·gold) l~er . / 

·o~ a printed circuit board. 

Referring · to Pigs • 3 and 4 , .a.· preterz:ed . . . . .. •' '• 

embodiment fqr use ·in mob:Lle.: .·telephone conmtunications 

at ·a frequency of .. approximat_ely BOO MHz ia ·describee;. · 

10 In this embodiment, printed.circuit board& are used:to­
form _the loop and- ground plane: the_ loop 1 is fo:rme-tl on 

a·prin\:ed circuit bOard Substrate ·la Whi'C}?. ~a epaced 
. . . ~ 

above_the ground plane 2 comprising a_ conductive c~er 

·sheet on :a circuit board sub.st~ate to leavi~g an. ai:t:. 

15 gap 3b. ·. 'rhe_ air . gap.· 3b . -is ma·intained by spacer• 

13a, i3b sand.wic:ihed between the_. ·substrate 3a a,nd t.he 

ground 0plane 2 • 

. The assemb~y ·;l.s held together by a suitable ki'~bwn 
. . ' 

fixing· 111eana:, such as adhesi~e (e.g.· cyano-acrylate; or 
· 2 o external· clips • . It is important that the fixing 'll\l!&nS 

does not· affect. the characteristj.cs. -~f the ·antenna,~~ pr· 

that ·any .effect -is' .dompensated:_for. For example, 

adhesive may. affect : tha di~lectric: properties~ . or nay 
. . . 

':C:Ontain.-maiature .whic:h ia conciuC;eiV&.. Likewise,_ us.:~ of·.· 

25 conduc~ive .. clips may .alter the antenna characterist;.:1cs 

signi~.i~antly. 

As can mostl clearly be seen from.Pig. 3, an 

arCU&te COndUCtive Stub 15 I 19 · .. iS .. f0Z'lft8d from 8 pie~" Of 

track substantially· parallel to a . portion C?f the . lq1>p· 
. . . ;. , 

3 0 1, and joined to the .loop l. at a. co~ction point 1.1 _ by 
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a joinin$.' portion 16. A joint 17, which may compri.we · 

the same .material-as tne cond,uctive sheath? of the 

c:oaxial cable·s, is.soldered to.the conductive.stub 

1:S,19 and.·~o. ~h• ground·plan~ 2. The central conductor 

5. . 6 of th•· .coaxial ·cable . 5 is. soldered· to . the loop. l Jt,. a 

co~eotion paint 10. The. outer.conductive sheath r; of 

the cable S is soldered to a.por,tion 15.of th:e 

conductive stiab. 15, 19. ';l.'he. qtJ:ier po_rtion 19. of . the 

stub 15, 19 i• .shaped. so as to match the cable to tlM;:, 

10 .. loop ·at the desired resoziant frequency • 
. · . . . . . . . . 

The side of the antenna to· which the transmi1u;.ion 
. . 

·line·. is coupled may be varied, for example if .an .ar.fay 
. . . ~ 

of antennae, as described below, is employed. 

Ref en ins· to ~be orientation ·of the antenna shpwn . S: ·L. 

.15 ·Pig •. 3_, a s·econd, a.ntenna may·be-mount49d·to ·the;.riglLo; ·of 

the antenna.shown· with its coaxial ~able c:.o:nnected,. 

.. mirror,;.;faahion, to .the left .. _of the lQOP. 

Match~ng i·s carried out· exp•rimentally .. Tha =~·>op 

l . is .elightly small.~r tbn .. wo~ld. ·~e. required if t~1; . 

20 transnU.saion ·line ·were connected directly to the · .. ~· 

ooon~ction point•, which.give•·the loop a alight 

(capacitative) reactance at the.reaon&f1.t· fre~ency. 

The length of ·the arm 19-is then adjusted 

experimentally ·to obtain the .optimum (inductive) 
. . . . . 

. ·' 

25 reac:tance ,· so that .the c_ur'.t'en.~s ·flowing in ·the loot; are · 

substantial1y symmetrical, and. a.aximum ·rad.111.ted f:ir::1ld 
. . .·. . ·. 

is obtained for a given input·signal. 

For use at at>Proximately .aso ··MHz, a loop radi4us 

of aba11t l' mm was. used, with· .a copper track widtli.1.u;f 

30 1. s mm.· The · s·tub port'ion 1s·, i9 had an overal_l l~:~Jth 1 · 
: .. ~: :· 
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of about 32 mm.,· formed .from an' a:r:cuate portion of trj1ck' 

having. a width .of 4 mm and a radius of curvature s O:f 

appr.oximately 23 mra. Tha'widtb j of ·the joining 

port~on 16 was 5 mm. The overall width w of the · 
. . .~~ 

5 substrate 3a was 45 .mm, . and the ove:r:all height h was'. t;1 

·10 . 

15 

mm appro;,cimate :with the spacings a and. b of .the ed.gtr of· 

the loop from the edge of the substrate being· 

approximately 2 mm. This was· mounted on a .ground 

plane 2 .approximately 5 cm wide by 6 cm tall. 

The" portion of central· conductor 6 of the coa::1dal 

cable· 5 exposed outside the .outer . sh.ea th 7 was 

approximately 15 · mm long. . ·This . length was selected .·to 

give be•t matching of the cable ·S to the antenna. ·~.:it.h 

:~his arrangement·· it. was f.ound. that it was not necesf.'a.:ry · 

to CQ\lple .the central conductor · 6 to. the connectior. 

point 1cr via a capacitor. as in a conventional ·y mat.nh. 

arrangement. 

The substrate 3a was glass 'fibre · cirauit boa:r·'J;~ 

havi~g a relative permittivity of 5.4, app:roximatel? 

2.0 1. 2 mm thick. The spacers 13a, 13b were formed fr9rn · · 
•J 

strips of glass fibre .board.. To adjust the resonanh 

frequency,. f'.or examp1e to·re•onate in a·clifferent b11nd, 

the thickness of the spacers. 13a, 1jb was altered b:r a 

small ·amou11t. ·For use at 835 MHz, each spacer ha:ei ·a 

·· 25· th.iclcness of approximately l..08 mm, and for 910 MH~, 

each spacer was 1 . 3 o mm ,thick. · 

Thu• in this embodiment, a amall increase in the 

spacing of the ground plane and. loop caueed.·an inclrease 
.·J 
!: . 

in resonant frequency. .':{.; 

30 All of the above parameters were determined 
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experimentally by trial and error. It was· found that 

parameters sueh as impedance and reeonant frequency 

were relatively ineens1tive to spiall variations (:t s~· mm 
. . ·. . . . ! .. 

or so) in the location of. th&. connactioJ'.1 point 10 or·' ·~f .. 
.. · 5 ·. the le_ngth of the portion 15 of. the. conductive stub 

15I19. 'This. permits v•ri1ttion due to manufacturing 
.. . 

tol•r•nces to ·be .. acc::'lommodated. It was found that the · 

dimensions of the portion, .19· o~ the conductive stub 

15,19.•ra· relatively critical in d.eterminill5J resonaiit 

· l.0 .frequ.ency·and. alimizw,.ting apurioua resonances • 

. · A• the angle'. a is reducedi the· efficiency ten4s· 
. . . ' i' 

to drop, and as a is increased,_ the usable bandwidth is 

f<>Und to decrease .. ·. Experimentally 90° is· found to l.19-

opt~mum with the abov.e.c;timensions, •nd. a son coax:lN.l 

1$ cable • 

. It was_posaible to shorten the;effective 

electrica.l size of the. antenna .i,y short-circuiting :~ 

point on the conductive stub 19 to·a.point on the loop 

1. . Preferably said.·· poi.nt on tha loop 1 is 
·. ~ 

20 ·· ·substantially adjacent :said ·p~int. on· the conductive 

stub 1.9 to whicb it ·is· sh0rt-circuit41d.. · For exampl-a·, · 
. . .·· . . . 

in the .. embodimen~ depi·cted in. Pig.. 3, . said points in:e 

located reapacti vely .. on the -loop 1 and on the 

conductive stub 19, each being ·a .few .. mm._to··.the left. of 

25 the joining p_ortion 16. 

'. 30 

Pigs • 9. and 10, deac::ril;Had below, show typical. 

results· obtained with the above embodiment and wi.tlt. a . 
. . . . . . . ~ ,, 

conventional .antenna, in whioh the conventional ant'.;&nna. 

was driven at a higher power. 

For ·uae ·at . 10wer frequencies,. a larger loop ~,_.. 
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·. used, and tor use ~t highe:r: frequenci•s, a smaller 14.')ap 

·. is used. ·.In gen~ral1 the loop circumference ·iii . 

typically a lj,,ttle Qirar one·~hal~ cf· t.he effective ·l .. 
wavelength employed, up to about ·three~qu11z.ters of· .the 

· s · wavelength. emplQYed. . Howeve1r, the precise size will 

depena on the.dieiectric.u•ed and the matching 

arrangement, .and maY be.determined by trial and.error~ 

AS can be seen .from the a):)ove embodiment, the 

circumf erenc:e of the ·l.oop may be approximately one 

10 third. of the free spacewavelength. 

·It is generally. found.that the impedance 
•' .. ,,, 

l··;l 

''• 

· .. increases as the angle ex between the connection poinotts 

10 , 11 increases. As the 'angle ar becomes small, the, 

ce.fficiency t.ends to· drop, the .an.tenna·behaving like .. 1. · ·· 

15 short circuit. 

·Increasing, the .,spacing -between the Qond.uctive 

loop l and the ground plane 2 is . found to decrease 't.he 

impedance of tM antenna, and gene%al].y·tends ·to 

decrease the resonant· frequency. However,. with 

r 
'i' I 

20· certain· .. arrange~nts., an· opposite effect is obtainecl~ 

· · Incre_asing the loop ~ 1 ·circumference is found to 

dacrease. the resonant frequency, but .~oScs not · · 

subst~ntially affect the impedance if the· same relat :i.ve 
proportions are maintained. 

25 . Inaerting a dielectric 3 # 3a, lb having a highe:> · 

relative permittivity between the ·loop and the grou~\d 

plane tends to ~cr_eaee the itn1>edance, . and. _also . ta · ·; 

decrease_ . the :r:esionant · frequency. 

· The bandwi~th. il!J dependent on the above 

· 30 parameters, which·ar~ selected in combination to obeain 
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a desired value. 

· · Thus, the ·spacing of the· connection points 10 ;;~~, 

the •pacing· of . the· loop i . and the ground. plane 7, th+:~ ... 

. dielectric m~terial 3,3a,3b, and tha overall· 

s cl:rcum.fe:rence e>f the loop l .may be altered to achia'~"" a 

· desired impedance and resonatit frequency. · The 

parameters are adjusted: empirically while measuring 

voltage.stand.in; wave ratio while transmitting a &i$fl\\&l 

of the desired frequenc~, and -monitoring transm~ttecs· 

·10 field· strength· until desired. aha.raataristics ·are 'i. .. 

15 

. . . . 

obtained,.fol.l0wing the above·general rules. 

It has been found that attaching an extra 

cortductive portion to' the loop; so .. that the .loop. i• i:Dt 

symmetrical _alters the propertiea. of the .. antenna. ·. For 

example, it Qan c:auae·thta loop to.rej~ct certain. 

.fl:'.eque.nc:i:es,. ·and behave. as a C:1:"1de notch filter. . 

Although the antenna is preferably planar, it may 
. . . . 

be fe>rmed·as a flexible etnicture, for example 

comprising one ormore flexible circuit boards. It is 

20 found that mounting tbe ante~a with a slight degre=~,of 

curvature, -such as· that typical·of a vehicle 

windscreen·, dQes not .. substantially affect· its 

c~rac_teri•tics. •.Thus an a.n~enna ·for a vehicle 

windscreen may be formed as a flexible, preferably 

2·5 self-adllesive, 11 sticlcer•1 • , 
When mounted. in a vehicle,.· it is found that a.n 

·array .of antennae~ typically 2 or 4·, may give 'bettit<J.". · · 

results than a single antenna. The antenna• may ~tlare 

a common. ground· plane 2, and the array ia typicall1• 

3~ aubstantially pl~nar, although it may be flexi~le·~e 
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.describeda.):)ove. The _ante:l)nae may be co-linear; the 
i, 

• ~ k I 

array f,orming a strip. Mariy a;rrangements. ·o:C · signtu. 

combiners/dividers are lcriown in the art fOJ: couplimJ a 

plur~lity of antennae· to a single .transmission linn, 
. . . 

5 A preferred arrang~ment of power d~viding .~an• wh:V:h 

results in .a -.compact antenna ia. to provide a strip :iine 
. . 

mounted e.boVe ·a ground. ·plane,_ the strip line being 

electrically one ·half ·of -the .. wavelength employed. · ·rwo 

antennae, or. further combin.ers in· the case. of mare ;than 
. . . . . . . . ~ 

10 two antennae,· are -coupled-one to each end o'f the .st'.:ip 

line, and the. transmission line is connec.ted to the 
. . . . . . . . . . . 

. 1s· 

. . . .. 

centre. · If· .. this arrangement is emplQYed, the stri~- · 

line may. utiiise ctbe same ground plane 2 as-the 

antenn~e. 

, . In ·particular,. tbs, grc;>und plane 2 may .. be f O?llf·ed 

&Iii one side .. of : a· ~ie.-sid.ed circuit board, the str:i,p 

line· being formed .on· the .. other 'side. -Coaxial aabl~ ma,y . 
. . . . . 

be att.ached to the. e11ds o.f. the strip line, ~d 
; .. 
I ~. 

connected to the antennae. as· descJPibed previously .. 
: . . . . . . . . . . 

20 Al.ternatively. thro\1gh-hole ·pla~i~g_ naY b~ empl_oyed ... the 

antenna array being formed as . a multi .. layft,r sand1r1i1.ih . 

25 

. . . . . . ·. ': 

comprising <.~•quentia].ll")' loop, ground pl&tle, strip... . . ' 

. 
. 

line, with a thro1,lgh· conne_cti.PJi·· from the loop. to .tLi.e 

strip line. Thi• may-result in a very.compact. 

arrangement. ·~ 
I ~:. ' 

arrangement r-.qu.ira• a ·fair _degree of t;rial and e~~,\~':, 

to .. ol>tain th• bast result.a a11 the antenna 

characteristics. can be affeated by mutual couplinu; and 

coupli.ng to the- power dividing means~ As an · 

30 . alternative wbich· 'i• slightly less compact, but w11ich 
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21 

may be simpler to align, the strip line. may 1'e to%1ll•i:, 
. ·. . . . . . .. · . . . . . . 

••'a aeparate double-11ided board mounted below. the 

antennae ground plane, the •tl'.iP line facing away from 

the antennae. 

~en an array of.aiitennae is employed, the 

orientations and/or phasas .. of the individual· antennae 

may be chosen to provide a desired polarization 

pattern, e.g~ a quasi· circular. polari·aation. 'l'he 

. desired, pattern is obtained by trial and. error, i.n ·~· . 

. accordance with known ·te.ahni~es for driving .phased. 

.a~ray• of antennae. 
.. 

·.As .shown· schematically in Pig. Sa, ·an. antenna 

.device of·the·preaent ilivention.o~be coupled to a 

~lanced tranatniseion line 2'6, 27. · The two: wires 26 .,27 · 

. lS of. the tranamission line are connected .. via respect~ .. r,e · " 

capacitors 28,29 to connection points 10,11 spaced· 

around· the loop. Bach capacitor is chosen to matcq.the , 

· impedance of the. transmission ·line to .. tha.t of the . 

·. ant•nna· using· standard techniques. As discussed above, 

20 the. impedance. of ·the antenna itself can be altered: t:o · · 

. simplify matching to ·a transmission line of a. gi v~i~ 

impedance. The. capacitors would be of the order af 

· about· 10 pl' for frequencies of the order of about l 

GHz. The loop·can be cormeoted to the ground i;>lan"' 2 

25 at. a voltage m:l.nim.um point by • connector 20. : rq' 

As shown :in Pig.· Sb_ a 1'·faed may be employedi in 

which the central. conductor 6 of a coaxial cable. !i. is . 

coupled to a connection point 10 on the loop 1 vi•· a 

·capacitor 24 • 'l'he sheath 7 is connected ~o the ·g~·ound. 

30 plane 2, ae is a ·further connection point 11 on ~)ya 
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loop .1 • 

. Altern~tive.ly, as shown schematically ·in Fig.. Sc, 

an w .feed may be. emp~oy~di in. which the cent.ral 

c::olid.uctor. 6 of a co-.xial cable 5 i~ . couple4 to the .. ' 

5 C()nnection point· 10: on .. the ·loop l. via. a capacitor ·24,. 

and also· to the grounded. conn•c:ti()D .point 11 on the. 
. . . . . 

ring via a further c=apacitor 25~ 
. . . . 

. Other known means of feeding antenna• may be ;.: 
• • • . . ;~ i" 

employed. In a development of the invention, •• st:;)Wn · ; 

· 10 schematical:J.y in Pig~ 6, a conductive. loop· 1 i& fo:r·med 

having two parallel inwardly·e~tending·portions 21.,~2.· 
. .·. 

· Theae •re bridged by a co:nne<:tion portion 23 at a s~r.e-

detenl!ned point along their length.. 'the advantagf; of 

this arrangement is that'. the loea.tion. of the connec:.tion . 

. 15 ·point 23 can be "ar:Lad relatively ea•ily·. · l'or· exariiple., 

the loop 1 and inwardly extending portions 21,22. may· be 

formed as cappe.r tracks on· a pr;i.nted circuit board.- and 

.the· connection port~on 23 may be. formed as a bridg···• 

after manufacturi~ the printed circuit board. T~~o 

20 antenna may be couple~· to a transmission l·ine· by ~?ty of 

the m~thods previously· discu••.ed. 

.25 

30 

As a ·further alternative, the connection poi·.:1on 
.. 

23 shown in Pig. · 6 may };)e replaced by a resistance.,. 

typiaally having a :resista:ice of!. 300 D-600 a to gi,)'e a 
. ·' 

. . :. j 

relatively wide band ae~ial. It is :found that the 

resistance of the loop ia increa$ed, tne resonanc•~ 
becoi.nes less . sharp. It is. also necessary to re-a1~:just 

.·the impedance of . the loop, e. g • by varying the . 

circumferential spacing.of the connection points .10,11. 

As shown ·schematically .in. Fig. 7a a distortlr:'n 

. .. .•. 1~ '· • . . 
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. ring 30 may be included inside·:·the antenua loop i, ":" 

alter.the field.Pa~tern of the ant~nna.· There may b~ 

one or several ring11.30~ and these may be loca1;ed 

inside, or outside 1;he antenna loop 1~ 

s In the d~velopment sh~ schematically in Fig. 

7b, the distor~ion ring 30 may be formed as a loop 

having parallel inwardly .. extending portions 31, 32 

joined by a .bridge 3 3.. Th\ls, -1.n a 11.i:mi~ar· way to t.t~~ 

embodiment ahown .in Fig. 4, .the overall length. of .t:~\e · 

·10 . distort:Lon rings may be. ·altered. Importantly, a 

resi11tance .may.be u.aed· as the· bridge 33 completing: i:lie 

loop 30. · 

Fig. ea is a ·sketc}1.giv:l.ng. an indication> of f: :i9 

polar <iiagram· .obtained f:rom a single loop antenna 

15 device o~ the present invention. · Axis ss :r:epresent.;s : .:. 

distance in a radi~l. direction, and ·axis 56 repre1.<~r·t·s .... 

vertical distance, with the. ground plane horizonta:~:-;. 

and . the ~entre of the loop lying at the intersect:hJn of 

the axes. .As. can be seen, the curve so., wbich is ·:Ln · 

20 approximate half. power •nvelope, has a similar ·shE•~'e to· 

that obtained.from a half::-wave vertical dipole. 

Izi P'ig •. Bb, ~he curve so obtained from a sir~1:;-le 

. . . . 

. single~loop antenna . device of the .present inventit:t::i. ·.is· 
. . .· . . 1 

shown on the same axes 'as the curve 51 obtained fch· an 

.2 s an~anna device having lln inner diflt()rtion ring, a1~ 

shown in Fig. 7a •. 

In a develo~ment of the present inv:-ention,. i.,. · . 

·loop, ·similar to ~hat· illuatrated··in Pig. 6. may. bf·: 

employed, in which.the connection portion 23 is 

30 11ul;>stituted by a capacitor. There may be 011e or .-nore 
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cap.acitors located aroun~ the loop. .This results it~~.a . 

. wide band .. antenna, whose 'charac.teristics .may be alt.Qred 

.by adjusting the value of tbe capacitor (al and/or the· . 

length of .. the interva~ing :connection portions • 

. In use, it has been found that the results 

obtained,with anantenna.~vice of the present 

., invention .. ar~ ge%18rall~ l>etter t,ban those .. obtained . w_ith 

a helical weund aerial, as illustrated in Fig. le, ~• 

conventionally used in mobi~e telephones .. It was found 

10 ·th.at in places ·where it was not possible to obtain 

satisfactory_ope~ation _of a mabile:telephone using-· 

conventional a•rial, reception was made possible by 

15 

20 

,. 

su)>stituting ~he co~v~m~tional aerial with an ·antenna 

device of the present invention. 

~u~h4!rmore, .the antenna :radia,tes. preferential~ly 

in a. direction away fr9nt .the ground. plane.. . _This al lows 
. . . 

the antenna to be fitted to a mobile telephone so that. 

in use, the preferred direction of. :radiation is ·awa;y· 

from· the body, .aa demonstrated by. the results obtai.11ed.:. 

Fig. 9a ahow~ the ~adiationpatte:rnobtained from 

the above described embodiment of ·Figs . 3 and 4 wh_i!'li 

vertical·ly mounted· and fed with a signal of -15. 8 dam 
. . . . . . 

at. 840 MHz. The centre of .. the. graph corresponds .tc;>:i(a 

field ~trength of ~30. dBµ.V/m~ measured at 3m from the 

· 25 a11.tenna, and each. ccmsecutive outer ring corresponci::s: to 

5 da greater ·signal . strength than t.he previous rin~; . 

·30 

Fig. 9h shows the .corresponding. pattern obta:Lned 

with the same ·antenna mounted on a Motorola m "Fli;r' 

phone". 

Figs. 1oa and. 10b show the corresponding res'!otlts · 

. •,' 

. ~ ;. ;;, 
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·. obtaine.d with a con:ventional helical antenna when fv.:1d. 

wit:t;i a stronger .. aign.al ·of -7. & dBm. 

All will be appreciated, t~e antenna of the 

present .invention can be put to a variety of u•es,, ~he' 

s charac;t.-.ristics being'.cbos•n.for each·particular 

application in accoz-4ance with the general teachillg8 of .. 
: ·' 

the above-description~ 

i" .. 

. : :· 
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l.. An ant.enna comprising an electrically aonduot:J.ve 

closed loop space~ above ·a ground·plane, the loop 

.having first and second connection points spaced ar0uDd 

· s the ~oop for ·couplil1.9' the loop to a transmission line .. 

2 • An . antenna accoz:ding t() claim l·. wherein the lc.-op 

is substantially planar, the·plane.of the lo0p.baing 

parallel to the ground.plane. 

3 ., An .. ant•nna aacording. to claim 2 wherein at le•,st 

10 the loop is formed on· a printed circuit board . 

An antenna according to claim 3. wherein said . · · 

printed C:ircui t board is rigid •. 

5. An· ·ant~rma according to any one of. claims 1-3· 

wherein a first ciieleetric .layer haviJJ,g ·a higher · 

15 relative permittivity than air is provided between .. ~he 

loop and the ground plane. 

6. An antenna according to claim s wherein a aet:::ind 

dielectric layer ora.n.air space having a lower 

relative permittivity than said first dielectric lryer 

20 i• provided between the loop an~ the ground plane. 

7. An antenna acc:o;-ciing to .. claim ' wherein· the f irat 

dielectric .layer is adjacent the loop and the •ecori.d 

dielect:ric layer or air space is adjacent the groui1~1 
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S. · .. Ail ant•nna ac~ordi~ to any· one of the prececUng 

~laims wherain one of said fi;rst and second: connect:t>n 

points .. 1·s. colUlected to _the ground· plane. 

5 ·. 9 •. An antenna acc9rding t.o any one of the 'precedi.~1g 

10 

c:la:l.m&1 comprising a,. further-conductive portion 

r-on~ected to·the loop. 

. . 

10. An antenna.according to claim .9 ·wherein said 

.further conductive portion . i• coimeoted · to one of atKid 

first and second conneo~ion pointfl. 
..... 

11. .AQ ante~ accord:l,ng to·claim 1.0 .arranged fo:r· 
. ' . . 

. -6onnection to a coaxial transmission · 11ne having a 

. 
. . 

. . 

central ,<::onductor and an <luter cond~cto~, wherein t;::1e_ • 

fi.rst.connect~~n p~1nt·is arranged.
forconnection_t~ 

15 · -.said centX'.a:!.· conductor, -and said further ·conductiv.r 

portion comprises a strip · adjacent . to ·the. outside.· 1:.f ·a 

: . . . . . . . 
. 

portion of. the loop, ··••id atr~p compriaing a first .arm 

. por.t·1on arranged. for cQnnection to said . ou~er cond\; ~-.::.or: 

of · the _tr;msmiss.ion line, . a second arm portion arz:t:;uged 

20 to p:r;ovide a reactance to match' said trmx•mission :'..ine 

~o the loop, and a joining portion, connected to the 

second .connecti~ point. of· the loop and. to the· gro.'1~ . 

plane, j_oining said ·t.irst . and aeoot1d arm p()rti()tl• .. 

12 • An antenna ··according to any one of the prec~_ding 

25 claims wherein .aa~d first and second connection pc{,'lts 
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. 28 

~:re. space~ b•tween 30° and.. 150.0 apa~t around. the loar .. 

13. An antenna according to olaim 12 wherein said 

conriec:tion.poi~ts.are ~paced between 600 and i200 

apart. 

14 • An antenna according: te> . any one of the prececU.~g 

claims adapted for wie at.frequencing above.600 MHz, 

wherein.·the diameter of the loop i• 8cm or less. 

15. An ·antenna according to any ·.one of the p:rec:ecU.ng 

claims>adap~ed and ~rranged fo:r use in mobile· telephone 

.communications. 

· 16. · · An ~tezma acc~~cling to any one of · claims 1. t•o 3 

or 5 to 15, wherein the antenna is flex~ble~ 

17. · An antetina according. to any .one of the preced.ing 
. . 

claims adapted and arranged· for mounting on a vehicle 

15 windscreen. 

18 · ·An antenna array comprising a· plurality of 

anten~., according· to any one· of the preo•ding cl1d.ma. 

19 • An antenna array according to claim 18 compx·ising . 
. . 

combining ~ans .for.coupling at least.two of said· 

20 ·. plurality C)f antennae to a sing.le transm;i.saion lir~e. 

20.. ·An. antenna array.according to claim· 18 wherein 

said oQlllbing m•ana comprises .a conductive strip ~;t>aced 
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21. A mopile telaphon• c:omp:.:-ising an antenna 
according to .anyone:of c:laima 1to16 . . · . ' . . . 

22. ·.·A mobile telephone ac_cor.ding to claim 21 ·arranged 

s ·90 that·. :ln Ul[Je the ground plane of t:he, antenna i• 
:· . . . . . . . . . 

positione~_~etweeJ1 the ~oop ·~~the us•r.· of _the mobile 

telephone. 

23. oae of an antenna according to any -one of·. claims 

.1· to·11 in mobile telephone c~mmunicationa. 

10. 24. An antenna compri11iJ1g' .an electrically conductive 

6ubatantial.ly closed· 10op. spaceid.abov• a ground pla11.u,· 
. . . . . 

the lo~p having first and s.econd .c0JU1ection point a . 

-spaced_ ar()und ·the loop for connection to a transmi~g;~on .· 

line,. the lo9p hll.ving ati ·l•••t ·one .. diacontinuity at 

15 which. a .capacitor 1!9 connacte~ in. s•ries wi·th the 

remainder of the loop •. 

2 s . · . An antenna acc()r:ding to c_lai~ 24 in which at 

,,.east one of said first and aecond connection point;s i• 
. . . 

spaceict ·away ~rom said diac.o~tinuity around the 

_20 circumference_of.the _loop. 
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