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'_[err] ANTENNA DEVICE AND MOBI LE TELEPHONE The present invention rel ates to

[ an—antennaidevi ce wdevice for use in radlo f requency communi cat i on=—Fle-anteppa . "
deV|ce of the present invention. ‘is partlcularly 5 .- suit ab| aHI®DEHESE HAE BEEN'

_ Sheet B egSuch as t hose. enployed in nobile telep1onesrﬁbumcmﬁy be
used Im,” W’IT,’FUEMI es as well.. The pir esent invention ﬁ .
. T
E ELERE NE

7'device for use in radio frequency communication. The

| _'3':%5

The present inyention relates to an antenna - ';'f v ['
Tl
vecovdls

'f_sntenna device of the present invention is particulerly EWQ,‘;:

. nuitable for use at higher frequencies, such as thoe~

"__'tmployed in mobile telephones, but mey be used for

10

lower frequencies ag well. The present invention alio

relates to a mobile telephone incorporating an. impr ved

_antenna.

In the prior art, a large variety of entenna

systems have been employed, depending on the freque;cy

=employed, and the physical constraints on the antenﬁa

Fox low frequenoies, a 1ong wire or dipole is often .

uged..

- There is also known, for use at. low frequenci4u, o

'_an open-loop aeriel, a8 depicted in Fig. 1a in whic; an-

| 'open 1oop of wire is spaced from a ground plane by

insulators, Wlth one end being capacitively tuned. t.;

| ground, and the signal fed at a tap close to the otaer

20

25

:end. which is ehorted to ground. The circumference of

f:the loop is. approximately one quarter of the waveleigth

of the signal to be transmitted or received.

' This suffers from. the. disadwantege that compl ¢ x
tuning is- required to achieve a desired resonant -
frequency and impedance. Furthermore the antenna :@u

bulky due to the large insulators required to spact the

.5antenna from the- ground, to prevent breakdown of tlie

air It has been difficult to use this. antenna eu

-frequenoies above 100 MHz requiring specialized
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‘anten
'There
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arge vari ety 'of antenna systens have be np%ﬂ#ﬁﬁni_zrmi;
ency_enployed and the physical constrlmetﬂﬁ;thanEg—]
guencies, -a long wire or dlpole S ofteq]usediﬁﬁ&Aczn

for use at Iom1frequeEC|es ' - '

manufacturing techniques..

Another type of antenna, ueed for higher

frequencies, such as in portable television receivets,

is a simple open-loop aerial, where the ‘loop. _f'lﬂ g

circumference is approximately equal to the wavelen{rf.j-

of the signal.’ Inuthie_oace, there is no ground pline

E andtthogloop is normally=mounted'with-ite piane'
| vertical' ‘This is illuatrated in Fig. 1b.

For use in mobile telephones, where the -

_frequenciee are approximately 9oo MHz, and the aeri;l o

muet be - compact, a short rubber rod with a helical .
w1nding. such as illustrated in Fig lc, is generaliy '

used Because it ie necessary to make such an aerLr

'tcompact. the aerial usually cannot be an optimum leagth -
-for the wavelength uned, and ie therefore inefficin1t.__-
-Furthermore, the aerial radiatee uniformly, so in a -

mobile telephone an. appreciable amount of" energy gxne
direotly into the user. '

. The present invention oeeks to’ provide a novel

'antenna,_which can. be made compact, can. be coupled to a
variety of transmisaion lines, and is generally mo

-efficient than a conventional;antenna.of the same

dimensions
The preeent invention providea an antenna de*ice

comprieing an electrically conductive ¢losed loop

_epaced ahcve a ground plane, with two connection p)inte '
"spaced around the loop for: connection to a radio-.'

,frequency tranemitter or receiver. B {f

g
Preferably the circumference of the loop ie e

'between one half and three quarterl of the deairen"
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._an—opeﬁ—+eep—ae++f&——as ‘depicted in Fig. la in which an open Ioop cf %&%e.

g:cap
,Other
-1s a
' transn1tted or

S aced fron1a round plane by insulators, with one. end

cedy ground, -and. the S|gnal fed at a tap

ch-is shorted to ground. " The .circunferieg ' :

e quarter. of the mavelepgth of the S|gnal to be T
recelved This suffers fromthe di sadvant age t hat conplex

- aignal wavelength Typically. the circumference is get
~ at about. £ive eighthe of the wavelength, or ‘less.

'However, this. may be reduced to abcut ‘a thixd or lecs
,of the free apace wavelength if a dielectric is df
' 'poeitioned between the loop and ground plane. In

. addition, the size. depends on the arrangement used

. eatching the antenna to-a tranemiseion 1line.

| ‘10

The shape of the loop ie preferably eubetanti.lly .

circular. but other ehapee such as equares, hexagor~

'trianglee etc may be employed. Furthermore. the naape

. may be chosen to achieve a desired radiation patte: i,

e g by uling irregular shapes o e : :;f
_ The loop is preferably planar. with the planu of ;
the loop euhotantially parallel to the ground .plana. .

When the- tranemiesion line is connected direu:ly

i_to the loop, ‘the two connection poznts are preferanly

spaced. between 2. 5° and 90° apart (when the loop ir.a

'circle), typically 35° to 50°, or about 45°' In s: me

"circumetancee, however. the epacing can be 120° or

.20

-larger, depending on the arrangement for matching éhe

.:'tranemieeion line to the loop.

An advantage of the preeent invention is tha‘ the -

d impedance and reeonant frequency of the antenna cad be -

:adjusted by varying the epacing of the loop from tue_.:
,_ground plene, and/or by altering the dielectric |

3 material and/or by changing the circumference of te

o .._30:_

loop' This ‘may eimplify coupling to a tranemieeion

| line. | ~The impedance and/or resonant frequency and/or
: the bandwidth and/or the efficiency can be adjuettd by -
varying the poeition of the connection pointe '

ReéeiyEd'Time'f"IZSVApr.16517..'_;.'j'.Bmini'Time' ._'28,Ap;.15;33 .
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Furthe more the antenna is bulky due to-the

;:rqus he antenna from'the ground, to prevent IHbUId
_ ?L; m difficult .to use this antenna at frequen Ag%9

9:20 MEWBURN ELLIS +44 17 ' - {
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frequency and

zed

v I
MNHz - |'

4

Tbe epace between the loop and the ground plane :

fﬁicould be ‘filled: with air, but preferably ineludee a
”,dielectrie having a higher relative permittivity, “df
?g.highar hreakdown voltage than air If a dielectric {3?

used, the overall dimeneiona of the antenna may. be

.-reduced relative to the- dimenszons of an antenna warh .

an a:r dielectric The reduotion in size 15 dependunt'
on aeveral factors: including the velocity factor .
(relative permittivity) of the dieleetrio and the

.dimeneions of the antenna

More preferably, the epace between loop and t@e

ground plane ineludea two. dielectrics of differing |
permittivitiea, and preferably the dielectrie with heft o

higher permittivity is oloser to: the loop The

_dielectric adjaoent -the 1oop praferably has a relative _
lpermittivity of at leaat 2, and may be glaaa-fibre
" board having a. permittivity of. approximately 5. 4. ,'rhe |

dioleetric adjaoant the ground plane can be air, W&1Ch

is found to give good radiation efficiency. Otherg

' dieleetrice, .such as PTFE or polyamide, having low i

relative permittivitiee (preferably less than abou% 2)
may be used._f ' ' . B

The overall apacing between the 1oop and the

fground plane can vary, ‘but ‘is preferably made quitz
'emall For use at frequenciea from about 800 MHz-5200

MKz. it is preferably less than 1 cm, more prefera:ly

leaa than 5 mm, preferably about 2. to 3.5 mm, SO that a

-'/

ompact aerial can ba formed

. 'The antenna device nay be formed on a doubla

aided:printed-cireuit.board, With one side forminn the _.'

' Received_Timg 28.ipr.16;i7l' | ,' Priﬁt ije”, 28, Ap: 16138
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.,f{¥++—2—ﬂﬁﬂﬂ%ae%ﬂ++ﬁg t echni ques. Anot her type of antenna, used. forohfgher
A requenci es, such as in portable television receivers,

e ——ad

Fﬂwmhere the Ioop 5 C|rcunference is i ﬁ £ EEN o
“lrﬁliﬁﬁﬂﬁ‘ﬁﬂi e o R |
.ground plane. the loop being £ormed on, the other. eide,
and the board serving as. the dielectric ‘In this wqy,
a very compact and eaey to manufacture antenna devige
__may be formed. _,' |
:;i"s '. R More advantageously, the antenna way compriee two _
| pieces of printed eircuit. board, each’ comprieing a
' substrate having an upper conductive 1ayer maintained -"-l
- epaced apart and eubetantially parallel the upper
. conductive layer of the uppermost board forming the
= iio:f_loop, and the upper conductive layer of the lower -
B printed circuit board forming the ground plane. wﬁrn R
'thie arrangement, the epace between the 1oop and tha In
ground plane includes the. subetrate of the uppermoﬂ..u'
| board and the -ailr between the. boards B This-
is. arrangement ie found to give good radiation efficiwicy. -
| '_ Preferably, eaid two printed circuit boards. ere T'd
| maintained epaced apart by at . leaet one epacer Ttie
arrangement allows paramatere, auch as resonant

frequency to be ad:usted eimply by varying the

P
.

- 20. thickneee of said at least one epacer.__ _
R The at least one spacer preferably has a emanl;:.
'area compared to the’ area of the loop, preferably ‘o.
lmore than 10% of the area of the loop, and pretara:ly .
.. is not poeitioned adjacent a voltage maximum point
| 25' ﬂthe loop | o ’
| - As an alternative to the above argument, a
eubetantially continnoue ‘sheet of dielectric of lbwmr
permittivity than. the eubetrate of the uppermoet toard
may: be ueed as a spacer, the thickneae of the spauer

':;7'-30'- being gselected as required. ‘Foxr example the upp«rmoet ”

_uRgcéfved Tine 28 Apr 16:17 . beht’Time ._ 28, Apr. 16:37
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of thé—efgﬂak;—Lanth_case there is no ground plane and t he oop
mounted with its plane vertical. This is illustrat et

&@em&ephones where the 10 frequencies ar¢ &piSr %’kﬁﬁﬁ‘t’/&? BEEN
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i al nust be conpact, a short rubber rodwth BEREACER]

; necessary to nmake such an aeri al

- eircuit board may -have a. glaes fibre substrate, and the'
't_sheet may’ be formed £rom.PTFB or polyamide. Thia ~§

'ta arrangement, which: does not require air between tbe.

10

3 boards. may produce a more rigid antenna.

“As mentioned above, the antenna may be formed on

a printed circuit board In addition to aubetantia;iy

rigid aubstrates, auch as glale £ibre or SRBP.

'tlaxible-aubatrata, such as.acetate ornpolyethylene may

be ‘used. . ‘Such boards are commonly referredlto'in'”he
art a8 - "flexi-boarde“, and the term printed c:l.rcu.::.tf3
board as uaad in this epecification. ie intended tea

':;: encompass all euch variante, the eseential requiremant

C 1§

20

25

30 |

is that the board.comprilee a conductive (e. g.
metallieed) track on an insulating eubstrate. - S
| -_.I:-the_printed circuit bcard-ie flexible, it ray

be more readily mounted on'a'lurface-which poeeeea A

".degree cf curvature, such as a vehicle Windecreen

In a development of the inventicn, a further'ﬁoop -
may be. opaced below the - ground plane. "_The £urthep R

1oop preferably incorporatee a reliatance, of typitnlly' |

'leas than 100 Q. This can increaae the ratio of the -

faignal given ‘above the ground plane to the signal leen. .
'below the grcund plane. Thia development of the

'invention incorporating a loop below the ground plimne
may be. formed on a multi layer printed circuit board,
or on a plurality of spaced boarda . -:-'i_@%f_
Antenna devices acoording to the present
invention may be used ovar a very wide range of
_fraquenciea. by aelecting the dimenaiona appropria:ely

;for the frequency employod . However. the antenna

_ Received Tine 28 Apr 16217 O Print Time 28 Apr.16:37
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-cdﬁﬁéEf“The~aer|al -usual I'y cannot: ‘be an optinumlength 15 for th

. radi cedsO i'n a nobile tel-ephone an appreC|ab;-nﬁﬁﬁyﬁgnﬂASBEEN
ener Iy into the user..The present invention ERLMYER de

mvﬁ,g&&gmj and js therefore inefficient. Furthernof§ _toe ou:'. o

L& no na, which can be nade . cgppact “¢an ‘be coup ed to a
:;varlety of transnlsS|on I|nes and i's gen aIIy nmore - :

 device is preferably employed at !requencies above roo -
'tiMKz up to several tens ‘of GHz. Particularly, it may'bei
- used at . frequencies of around 800-1200 MHz, as used in
- mobile telephone eyetems .At such:frequencies,'the'"_
_dst' loop may be. formed on a first printed circuit board of
| about 2 mm thickness or’ less, spaced about 2 mm f£rotr:
second circuit board forming the. ground plane, the
assembly being about 6 mm thick or. less and having
sidee of about § cm or less, to produoe a very compaet :-.}
10 ,antenna e _ _ |
S : Another advantage the present invention provxues
:is that a. substantially vertically polarised signal cann
ﬁ_ be generated £rom a. horizontally mounted planar antenna':"
deVice "The radiation pattern of the horizontally
) lS:' mounted device can. be likened to that of a vertically
| imounted half-wave dipole | |
| Previously, it has been necessary to have a f-
vertically protruding antenna in order. to produoe e
vertically-polarised signal. This has many
:'onl- disadvantagee; fer example, when mounted on a vehivLe,
- a protruding aerial ig’ conspicuoue, causee aerodynamie
: drag, and 1s prone. to vandalism.
. The bandwidth of the antenna can be altered Y
, altering the thickness of the loop in a radial
i; ~§5 -direction D _ L "=§
. Aecording to a development of the invention._
additional conductive portions may be. attached art;nd
. -the circumferenee of the loop._' These may be
l positioned so as to act as tuned notch filters, tx-

30. reduce the antenna efficiency at selected trequencies,_'

| Receivgd:ijé 28 Apr 16:17 . {. PfiniiTime . 28LApf§16;37
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present

;.|nvent|on provi des an antenna.device 25 - conprising-an el

toyHasHearReglateaop spaced ‘above-a ground plane, with tw E;'iy.{ JAS BEEN §
_ p0| n HM“J nd thé l-oop for connection to a radio- friequency ACED
tran elver Preferably the chrcunference of the Ioop is

er to tune the antenna to a particular tranamisaiOn
: The antenna device may be ‘coupled to known
| tranemiasion linea, in a variety of waye. a preferakle
'shd-method being to connect an unbalanced coaxial line
| directly to the ‘two connection pointe, with the outer
ground connector also connected to the ground plane | .
o Alternatively, a balanced line may eimply be connecLed e .
| to the two connection pointc (neither .of the connection _
10 points being connected directly to the ground planes.
.'5_Aa further alternativee, other known means of feediwg
“e_-an antenna may ‘be used. in particular capacitorc and/or.u
'.inductors may be uaed to couple the antenna device..o a
'transmiesion line of .a given impedance. '
"gilst - A preferred arrangement for coupling the antnnna
N device to a. (coaxial) 1ine is. to provide a 'Pe
subetantially arcuate conductor stub in the plane &t
" the loop, outeida and . eubatantially parallel . to a'
'_portion of the loop, said conductor stub having a
20 'tonnection point along its 1ength joined to a firat
.connection point of the loop and to the ground plaxe, :
the ocuter conductor ‘of the- coaxial line being conn«nted
to an end of said conductor stub, and the centre '
conductor of gaid coaxial line baing connected to he
25 cecond connection point of the loop. | i
| The length and thickneee of aaid conductor n ub,
its spacing from the loop, and the point of joiniu;gto
'_the loop are selected to give the desired inpedare and.
capacitance to match the loop to the. coaxial line at a

:-'BO _'desired frequency. In addition, the langth of exnweed

CReceived Tine 8 Apr1B:1T Print Time 26 hpitit:37
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ne hal f.and three quarters of - the desired. .[err] 3 signal

Di gl the circunference is set at about fi V?H.lg g_‘rEéJ'SHRA BE[—lN

ll

T

@

.central conductor of the tranemieaion line ia adjueted

. to provide a desired reactance for matching the

tranemiesion 1ine to. the loop. The poeitionc of the

'connection points are approximetely 90° apart,

connection points around the loop are also veried o

obtein_the desired impedance and_reaonant frequency.
With this arrangement,.the connection points ire

preferably spaced 60°-120° apart.  More preferably the

'-:rypically being epaced 70°-110° apart. This.may make

- 10

the characteristics of the loop relatively insensitive

. to. manufacturing tolerances in pocitioning of the

. 15

20

25

connection pointn _

‘The effective electrical length of the loop me\s.
be altered (shortened) by forming -a short circuit f:om;
a point on the loop to a portion of the conductor stub.

If the loop ie formed on a printed circuit bodrd .

the conductor stub may advantagecuely be formed on “ne

- ‘same board

- coaxial cable) is connected (e. g. soldered) directl: to - .

Advantageously, the tran-mieeion line (e.g.

the eurface of the. 1loop. - This avoids the need for _
extra conductive portions eround the 1oop which. may -

alter its characterietice, -and allowe the position 2E.

the - connection pointe to be ad:ueted relatively eaeély

According to a: development of the 1nvention,

- means can be prov:ded for varying the length of thc

aelectrically conductive lcop. Typically, this can te.

. achieved by providing a non-closed loop, in which eech

o 3oc

end is connected to a Joining portion. comprieing a.

conductive part. The two conductive parte, optionally

30
s
i

Received Time - 2BMpr16:07  Print Time 28 Apr 16:37 |



28 APR, "95

However, this may be reduced to about a third or
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| ess of the free space

oaTTu

prdﬂ&ﬁkﬂﬂﬁp

tHeBleqt NE si ze depends on the arrangenent us d?ﬂSéiMﬁitMﬁ%ﬁﬁEN .
ransm ssion I'ine. The shape of the l'oop

ular, ‘but ot her shapes uch as squares,

be enpl oyed. Further' re, the shape ToT:

o eubetantially parallel, may be joined at any of & .

' number of placee along their length, eo that the total

length of conductive loop is varied.
Generally, the resistance of the electrically

i conductive cloged loop ie made low, ‘typically 1eee than

7; development, the reeietance cf the loop can be _ _'*:

15

: .increaeed, typically by ineerting & reeietor (of

- 10 i*typically from 300 9 - eoo n) in the loop at a joining |

1U

A N Thie reducee reeietance loeeea, and increases the'

_;'Q factor of the antenna However, according to anogher _

pcrtion. to: produce a wide band antenna device,_havrng o

a low Q.

According to a further development of the

.invention, one or more conductive loopl which are

'either greater in circumference, or (more typically)

":.emaller in circumference than the-loop of the baeic

~ with the baeic antenna '100p . A(1f that loop is itself

25

30

'gain or directivity._

planar), or may be located above the baeic loop, ox%
more typically between the baeic loop and ‘the ground
plane Theee can act to alter the directional pat:ern
of the. radiation, and can be ueed to achieve greater
Preferably, where the baeic antenna device ir

formed as a loop on a printed circuit board, the

fadditional loop or loops may be formed on the same

' surface as the basic antenna loop.

: According to ancther aepect of the invention one

*or more capacitore can be inserted in the loop

(connected in eeriee) This. allowe a wider bandwidth

¥
-a

Rgbgiyed'Time_m .iZBQApr?16517".:-.,';-Bfinf_Time' 'i"28.ipr.iﬁ:37,
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: .subs"ﬁlaﬂ{eét&iaiBeeﬁaépadcédel to the ground plane: 15 . V\he[hTHm?bPﬁrT HA
t
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a invention, ‘the antenna device of the preeent invention :'

10

.15

r
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. may_De chosen to achieve a desired radfation pattern, e;gj-b§2%giﬁgr@q2

‘|rregular shapes. The loop is preferably planar, with the

ally- [err] to[err], or, about [err]. In sone
ta be attained, and if these are ‘insexted in a loop of

"irregular ehape, 2 compact antenna. dev;ce hav;ng a'

: given directional pattern can be achieved. TYplC&lLY,-

in an antenna devzce for use with eignale of the’

frequenciea employed in mobile telephonoe, the.

. capacitor, or capacitore will each have capacitance in

the range of about 0.03-14 PF. o e

N

According to yet another aepect of the present

'may ‘be ueed to drive other antenna array eyeteme wh‘ch'

are otherwise difficult to couple to a ltandard

'transmieeion 1ine

The antenna device of the praaent invention m&;

- -be uaed in phaeed arraya, or. in passive arraye.

The preeent .invention. aleo providea a mobile.

! .

1f: telephone incorporating such an antenna. device. fThn_

' antenna device can be mounted 8o that the ground-pline
ia between the user and. the loop.. In this way, the '
user may be ehielded from the radiation by the grouzd

plane, with Lthe overall size remaining very small. It

-hae been euggaated that radiation frcm mobile telepnone

- . -antennae- can have dieadvantageous .affects on a ueez,

13

30

 but it has not hitherto been possible to proVide a |
emall efficient antonne device for a mobile teleph'ne o

IWhlch enablee the user to be shielded

Embodimente of the preeent invention will now be .

deecribed, by way of example,_with reference to the.

'following drawinge in which:

Figa. la-1c illustrate. examplee of prior art

antennae;

Received Tine  28.Apr16:07 . Print Time  28kps 16:37
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QC|rcunEtances —however, the spacing can be [err] or 20 larger, depen |ng
ﬁé Laf natchlng the transm ssion |ine to thdp .

on-t r

--.ad'valﬁfe ﬁ'e& Q}? sent invention is that the inpedance and| ARET HAS BEEN
}frequ I enna can be adjusted by varying the spadi.ng. OFE?HQCFBOD
_fron1t

_ plane -and/.or by altﬁélng the dielectric mterral
iand/pr by changlng the circunference of t o :

- Fig. 2 is a schematic diagram of a first
embodiment of the preaent invention,
_ Fig. 3 is a plan view of a prefarred embodimert
of the present invention, ' .
_e 5 o Fig 4 is a side view of the embodiment of Fig. -
_ Pig. 5 ehows echematioally alternative wayo oi
' 'coupling an antenna device of the preoent invention to
P tranemiseion lines; o
' ~f10 ' o Fig 6 shows schematically an alternative
J nmbodiment.: . . - |
Fig. 7 ehows schematically developmente of thﬁ
invention in which diotortion ringe ara present to
g ' alter the field pattern; :
s Fig..a shows approximate plots of tield patte‘nx
o =;obtained in the present invention, o _
Fige. 9a and . 9b are polar plots ehowing radiation
patterne obtained with the embodiment of Figs 3 and 4;
: and‘_' _ : ' o :
20 Fige.,loa'end_ibb areﬁcomparative.polar_plotg:3'.
| . showing polar plote-obtained witn-the.conventionalf'"
~ antenna of Fig. lc. L | | .m |
As ehown in Fig. 2 an embodiment of the preeexa'
o ' : invention compriees a loop 1. typically circular, g
.-tlzs.. spaced above a ground plane 2 by a dielectric 3. Twe
B .1oop 1 15 conductive, and is typically made of copter.
The ground plane 2 ie aleo.conductive, and is also. -
' -typically made of copper. The ground plane 2 is
P proferably formed ag.a oontinuous conductive sheet,
o 30
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loep——?hrs*nay’“*npllfy coupling to a transnission ljine. The |npedance

and/ or an%m‘ggguency and/ or the bandwi dt h and/ or the efki
adj'lﬁf e?ii“ T\I l arying the p05|t|on of - the connection p0| tRHIS SI—:EE!EHA]S BEEN

: - REPLACED ~
13 _
but, for example, a mesh or'other'arrangement may e
| used.. Differing arrangements of ground planes are wnll -
| known in the art. - |
| The antenna device is typically couplad to a
'ﬂ,SL .coaxial transmission line 5. The central conductor s
'”__of the coaxial cable 5 is connected to the loop at 8"
-'connection point 10, and the outer conductive sheath '
is connected to the loop at a second connection poi:L
' 11 spaced apart from the first connection point 10 Ly
710 - .an. angle @. The angle a« is typically 45°. The seccnd .
| connection point 11 is also oonnected to the ground
plane 2. . The coaxial cable has an onter insulating
'i sheath.s; end_anainnerldislectric sheath Q'hetween ;he'r'~
central conductor-s and-outer3conductive sheath 7. 'J “
jiss: . The dielectric material ‘may be, for example,
o PTFE, glass fibre board SRBP. ABS plastics, cerami's,
;or other suitable materials It is also possible 1=r
the space between the condnctive loop and the gromai
' plane to contain air However. the dimensions may he 3
' 20 raduced, and.the maximum ‘power transmitted increastd if
B .a-snitable'dielsctricais chosen . | ﬂ._'
At higher frequencies, e g above 1 Gaz, .-??’”r
'rdielectric losses can becomo significant, and the .
material of the dielectric needs to be selected
25 'appropriatsly. It has been found that PTFE and
ceramics materiale are particularly suitable for vse
.uat higher frequencies, e.g. around ‘2 GHz,
The thioknese of the ground plane should be
sufficient to ensure low resistivity. to- minimise

“ “-~3o--;resistive lossss. It ie desirable to ksep ths condnctor__

Received Tine 28 Apr.16:7 - - Print Time 28 Ay 16:37
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--4'The space- een—t-he | oop and the ground plane could be fillediwmth alr
but m@@g@tﬂdﬁn I udes ‘a dielectric having a hi gher rel ati

__and voltage than.air. If a dielectric is 5 E@E&SQEEEHNQBEEN
over m’
.of an

of the antenna may -be reduced rel ative t¢ the BERBAGEDNS
' frequencieo the current flows mainly near the surfaoe

.‘_‘_..

an air dlelectrlc Thelgeductlon in S|ze TS dependernt

thiokness emall to reduce weight, and because at high f

'of the conductor. Preferably, the thickness is less
: than 1cm, and more typically it is less than lmm, e. g.
5 formed as a. conductive copper (or silver or - gold) la&er.
‘on-a printed circuit board ' .
: Referring to Figs. 3 and 4, a preferred
embodiment for use in mobile telephone oommunicatione
_ at a frequency of approximately 800 MHz is describec _
10 In this embodiment, ‘printed. eircuit ‘boards are used to
'i . form the loop and ground plane. the 1oop 1-is formes aﬁ_f'
a printed circuit board substrate 3a whieh is spaced
above ‘the ground plans 2 comprising a conductive oopper
_ --sheet on a circuit board substrate to 1eav1ng an ai:
. 15 gap 3b. The air gap. 3b. is maintained by spacers
o 13a,13b eandwiched between the subltrate 3a and the
'_.ground plane 2. |
_ The assembly il held together by a suitable kxown
_ -.} fixing means, such as adhesive (e g cyano-acrylate or
'}'20' axternal clips It is important that the fixing means
' does not affect the chsracteristice of the antenna,ﬁor
' that any effect is: compensated for For example._
o adhesive may affect the dielectric propertiee, or’ miy
'=contain moisture which is eonductive. Likewiee. U ofﬂ'
"-'25.1 oonduotive clips may alter the antenna characteriet.co
'“ significantly.- 'f ' ” o | |
‘As can most clearly be seen from Fig 3,.an.
arcuate conductive stub 15 19 is formed from a pieee of
- traok substantially parallel to a portion of the lgop |
-;_30 _11, and_joined to the.loop l_at_a.connection point 11;by

| Receiyed'Timé' : ZB.Apfqiﬁ:IT }b ;'. Pfjni Time 28.Apr.15:36 |
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,on_geneLaL_Lag_ng_Lgplud|ng t he veIOC|ty factor (relative pern1tt|V|§ ? of
Pthe dlelectrlc and the 10 di-nensi ons of - the- ant enna. Mbr e == =

Heer RepRceand the ground plane includes two diel ec] rTHIS SHEET HAS BEEN
dlf '
per H

"!! 'H& m,lm |t|es and preferably the dielectric witf) the RERIACED
_prefera Iy as | S

oser. to the Ioop The 15 dlelectrlc adj
el ative E

| S a joining portion 16. A joint 17, which may comprjse
'f}:-the same material -as the conductive sheath 7 of the
| ooaxial cable 5, ia soldered to. the conductive stub
o 15,19 and to the ground plane 2.- The central conductor
'5;-'6 of the: coaxial cable 5 is eoldered to the loop. 1 ef a
"Q connection point 10.- The. outer conductive sheath 7 of
| the cahle 5 is soldered to a. portion 15.0f the |
'h_ conductive stub. 15, 19. The other portion 19 of the .
_ etub 15, 19 is ehaped so as to match the cable to tht
io'u 1oop at. the deeired resonant frequency '
g The eide of the antenna to which the tranemiaslon_
-line ie coupled may be varied, for example if . an. ar?ay
- of antennae, as deecribed below, is employed
| Referring to the orientation of the antemna ehpwn 3
nils Fig 3, a eecond antenna may: be mounted to the righ
| the antenna shown with its. coax;al cable connected
,mirror-faehion, to. the left of the 1oop '
| Matching is carried out experimentally. The ‘)op
-1 ie elightly nmaller than would be required if th~
- zd  transmission line were connected directly to the
” connection.pointe, which givee the loop a alight s
(capacitative) reactance at the resonant frequency.
The length of the arm 19" ie then adjuated
experimentally £o obtain the optimum (inductive)
25 reactance, g0 that the currente £lowing in the looi
' subetantially eymmetrical, and maximum radiated finld
'1e obtained for a given input eignal.
| ' For uee at approximately 850" MHz, a loop radiua
- of about 19 mm was used, with a copper track width of |
.';.'éu. 1.5-mm,_ The -stub portion 15,19 had an overall lenqth 1'

,Receive&fTimg]-j 28.Apr.16:17 .' 'Print.Time | 28,Ap;_!6;35 ,
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fpeT“‘LL'VIIy of at least 2, and may belglassgflbre board hayﬁ%ETA"lwmz

per Yl aﬂggOX|natel 5. 4. . '

; et Has Begn R d y. The dielectric adjacen'

_pI aﬁ@iiﬁﬁ“m l@l ch is found to give good radiation eff J@ﬁ&ﬁim S BEEN
m f

fper ch as PTFE or polya having | ow'r el &t

: erably |ess than, :
:_spaC|ng betmeen the | o A aboﬁg 2) may be used.  The: overall

of ab ou 0:432 - tﬁ%rmed from an arcuate portion of tr.uck
_ having a width of 4 mm and a radius of curvature 8 of
c_*approximately-zaumm _ The' width j of the joining
-'portion 16 wal 5 mm. The overall Width w of the
5 substrate 3a was 45 mm, and the overall height h was’%l '
~mm approximate with the spacings a and b of the edgt ofi-
the loop from the edge of the substrate being
: approximately 2 mm. This was: mounted on a ground
. plane 2 approximately 5 .cm wzde by 6 cm tall. .
'l-103c' - _The portion of csntral conductor 6 of the coaiial_;
o cable 5 exposed outside the outer sheath 7 was B
apprcximately 15 mm long. This length was selected Lo
' give best matching of the cable 5 to the antenna. @1thi
| ~ this arrangement it was found that it was not necesﬁaryf.
'Jep 15 to couple the central conductor € to the connectior
L point 10 v;a a capacitor as in a conventional v mat,n
arrangement | '
The subltrate 3a was glass fibre cirouit boaxi, .
hav;ng a relative permitt:v;ty of 5. 4, approximatelx :
7.20T '1 2 mm thick The spacers 13a 13b were formed fron
strips. of glass £ibre board. To adjust the resonant
frequency, for example to resonate in a’ different band, |
'_.the thickness of the spacers 13a 13b was altered by a .
o small amount ?or use at 835 MHzZ, each spacer has |
25 thickness of approximately 1.08 mm, and for 910 MHT,
B each spacer was 1.30 mm thick - |
' Thus in this embodiment, & small increase in the '
- spacing of the ground plane and loop caused an increase
-in resonant frequency. o - : : '.-fﬁf

- 30 Al of ‘the above parameters were determined

Received Time - 28, Apr.16:17 - Print Tine . 28 Apr 16:36



-;28;APR.

95 -

7;ground pldne carm-vary, but is preferably made quite 25 ' small. . For
m ﬁﬁm about 800 MHz-1200 MHz, it is preferably |less. than 1 cm

;'frﬂﬂﬁﬁn?

- 15

207

.30

§:26 MEWBURN ELLIS +44 1742409339 o N297T P 20/42:

s than 5 mm preferably about 2 to 3.5 1 Ogihiixat AS BEEN
be foormed. The antenna devi ce- may be forggg&gaéglﬂ&gﬁhgﬁ

d CIrCUIt board with oqs S|de forn1ng th

. experimentelly by trial and error. It was found that )
parameters such as impedanoe and resonant frequency -

- were relatively ineeneitive to emall variatione (t 5 mm

or so) in the looation of the oonneotion point 10 OT of

wp the length of the portion 15 of the oonduotive etub
/15,19, 'This permits variation due to manufacturing _
E toletanoee.to he;aocommodated.' It was found thet thef_ .

__dimeneions of'the poition 19fof'the oonduotive'stub

15,19 are reletively oritioal in determining regonart

yfrequency and eliminating epurioue reeonenoee.

, Ae ‘the angle ais reduoed, the efficiency- tende
to drop, and as o ie increeeed, the ueable bandwidth ie
found to deoreeee Experimentalry 90° is- found to b

' optimum with the ahove dimenEions, and a 50 9 ooeximl
cable. c '

It was poeeible to ehorten the effective o

_ eleotrical size of the antenna by ehort-oi:cuiting @ .

point ‘on the oonductive etub 19 to a point on the 1oop f_"

1. Preferably said point on the loop 1 is - . -§%..:_'

'eubltentially adjacent said: point on the oonductive;

etub 19 to. which it is ehort—oircuited © For exampl-2,

in the embodiment depioted in Fig. 3, eaid pointe uve .

~ located respeotively on the loop 1 and on the
--oonductive stub 19, eaoh being a.few.mm. to .the left of

the joining portion 16 _

' rigs. 5 and 10, described below, show typical
results obtained with the above embodiment and wzth a.
conventional antenna, in whioh the oonwentional antenna
was driven &t a higher power.

. For use -at. 1ower frequenoies, a lerger loop is

o Received Time  2BApr16:17 o Print Tine 28 hp 16:3
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'[érr]

. boangis SiRkHabHecARefIf2E diel ectric. Ln this way, a very conp easy_ 10

deV|ce may . be forned L . “‘H%SSHEETHA°BEEN
. T PEPLACED

' nanuf

'11_ 10

5 ground plane, the | oop being formed on the ot her. side, and the

P a————

8

i used and for use at. higher frequencies, a emaller lnop
:*ie used. “In general, the loop circumference 18 ﬂ |
T typically a little over. one-half of the effective #&”
e-wavelength employed up to about three quarters of the :
'~wavelength employed. waever, the precise size will

'depend on the dielectric ueed and the matching

".,_arrangement, and may be determined by trial and error.

o As can be seen £rom - the above embodiment. the

B _circumference of the loop may be approximately one

third of the free space wavelength

e
03
-

It is. generally found that the inpedance =

L increases as the angle o between the connection poin:s_

10, 11. increases As the angle o becomee emall, the

L eificiency tends tor drop, the antenna- behavxng like &

. 15',.'.

20

- 25 .

30

~ decrease the resonant frequency.' However, with

nhort eircuit..
' Increasing the spacing between the conductive L

loop 1 and the ground plane 2 is. found to decrease The :'

impedance of the antenna, ‘and generally ‘tends to.

certain arrangements, an opposite effect is obtainee
| Increasing the loop 1 circumference is found to -

eecrease the resonant frequency, but doee not -

:.substantially affect the impedance if the: same rela1ive

proportions are maintained . _
Inserting a dielectric 3 3a,3b hav;ng a highe*
relative permittiv;ty between the -loop and the ground

'_plane tends to decrease the impedance, and also.to 3

. decrease the resonant freguency

The bandwidth is dependent on the above

parametere, which- are eelected in oombination to ohtain

O Reseived Tine 28 Apr16:07  Print Tine 28 Apr 16:36
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More--advant.ageously, the antenna may conprise two pieces of .

_22% CIrCUIt boarg each conprising a substrate havi ng a r

_ tained spaced apart and substantial I'y aT

| eebsﬂseﬂmneessw
upper

1'tﬁ2 yer of .t he upper nost boar-d forn1ng the 1 | OREPLACED

f'ground plane

e | ayer of. the | ower- Er
VVth this arrangenent the

inted circuit boar~a——|—e+—ﬂ+-|+g—-t—-i+e—-—-———~
pace betmeen the | oop and the '

a desired value.

- Thus, the epacing of the connection pointe 10, 11,

h,rhe epacing of the 1oop 1 and the ground plane 7, the

.dielectric material 3,3a, 3b, and the overall

' o.rcumference of the loop" l may be altered to achlevs a

 desired impedance and resonant frequency “The

"'parametere are adjueted empirically while meeeuring

: voltage etanding wave ratio while tranemitting a eignal |

."f.'of the desired frequency, and monitoring tranemitted

: _.10..-.

15

‘fleld etrength until deeired characterietice are _;5...

obtained, folloWing the above -general rulee.
N It hal ‘been found that attaching an extra o
conductive portion to:the loop; so.-that the loop is not -

fsymmetrical altere the properties of the. antenna . For

example, it can cauee ‘the loop to. reject certain

-.-frequencree, end behave a- a crude notch filter

Although the ‘antenna ie preferably planar, it may - |

- be formed: as a flexible etructure, for example

20

25

compri-ing one or more flexible circuit boaxrds. It is

found that mounting the antenna with a slight degzea of'

-"urvature, euch ae that typical of a vehicle

windecreen, does not.. euhetantially affect itl :

.characterietice. Thue an. antenne -for a vehicle

windecreen may be formed as a flexible, preferably
eelf-adheeive, “sticker" '

-When mounted in a vehicle, it ie found thnt en

-array of antennae, typically 2 or 4, may give bettsxr -

_ resulta than a single antenna The antennae may nhare-'

a0

a common ‘ground plane 2, and the array is typically

eubetantially planar, although it may be flexible w8

;leceived Time fiJZB,Apr.lﬁfl7 ~ Print Time - 28lAp}.16:36
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ound pl ane-includes

'QF, the substrate of the uppernost board and the air
" bet ween the boards. This.15 . arr angenent Is-found to glverynan_.ﬁn_LL;".

efflmissmeyﬂastethé ladad y, said two pr| nted circuit boards ar@ TRBEHEETGAS BEEN |

s ace
,'sgch 3‘“ Mlﬂlll east one spacer. This arrangenent all olls par BERLAGED
)

equency to be adjusted sinply b
t hi ckness sal d at |east .one spacer - 20 Pty by Vary'ng*TTEffﬁ

_described aboye - The. antennae ‘may be co-linear, the
) array'forming a etrip., Many arrangements of - eignah
| combinere/divider- are known in the art for couplin;
'plurality of antennae to a lingle transmission lina.
5 A preferred arrangement of power diViding meane whi. sh
d'_ results in a compact antenna ie to prov;de a etrip Line
mounted above a ground plane, the strip line being |
electrically one half of the wavelength employed
antennae. or further combinere in the case of more than
'.16, two antennae, are coupled one to each end of the et'lp
line, and the tranamieaion line is connected to the
centre. If- this arrangement is employed, the striy -
line may utilise the eame ground plane 2 as the
. ntennae. | [ :
.'.'iSi "9 In particular, the ground plane 2 ‘may .be forned
o as one side. of 8 double-eided circuit board, the strip
line being formed on the. other eide. Coaxial cable may
be' attached to the ende of. the atrip line, and |
connected to the antennae ae deecribed previouely
:;éb' _Altarnatively through hole plating may be ‘employed.: the
| -7antenna array being. formed as.a multi layer eandwich .
,comprieing (eequentially) loop, ground plane, etriﬂ )
.line, w1th a through connectipn from the loop.to- the
etrip 1ine This may: reeult in a very compact
25 _arrangement . Howevexr it ie found that this ..ﬁll
arrangement requiree a: fair degree of trial and er%ﬂ'.
‘to.obtain the best results. as the antenna ' |
characterietice can. be affected hy mutual couplinq. and
coupling to the power dividing means. As an

20 yalternative which is slightly lese ‘compact, but Wthh

- R'ece_ived'.Time. |28 Apr.16:17 - Print Time 28 hpr;16:36
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The at | east one spacer preferably has a snall area conpared M the g&%?cﬁ

t he The &1H&Q% b) no more than 10%.of the-area of: the | oop
-prefe |t|oned adj acent ‘a vol t age maxi:num poi nj
Ioop l tive to the above argunent, a substantiallff

Sheet o -of 1 owner. pern1ttIV|ty t-han the substrate-4—~
'uppernnst board 21

~ . may be slmpler to align. the strip 1ine may be formad
o as ‘a separate double-aided board wounted below the
. antennae ground plane, the strzp line facing away from _
-'the antennae | | |
S . When an array of antennae is employed the R
| 'orlentatlons and/or phaaes of the indiv:dual antennae .
may be ohosen to p:ovide a desired polarizatlon S
pattern, e g. a quasi circular polarisation. ‘The
.'f_.desired pattern is obtained hy tr;al and erxox, in n
. lO-'.aocordanoe wzth known techn;ques for driving phased
~.arrays of antennae.ﬂ .
As shown sohematically 1n F;g. Sa, an antenna
jdevice of . the present inwention can be coupled to a
: balaneed tranamiseion l;ne 26,27. - The two: wires 26, 27
H_15 of. the trannmiaaion line are connected. via respect‘
B oapacitora 28,29 to connection points 10, 11 apaoed
around the loop. anh oapaoxtor ie chosen to matoh the |
fimpedance_of the.transmiaalon_line to-that of the
.'»-antenna“using'standard teohniques - As discussed ahove;
'-2o:h_the impedance. of the antenna 1tself can be altered Lo
| feimpley matching toa transmission line of a. given |
-impedanne The eapaoxtore would be of the order ox
" about 10 pF for frequenoiea of the order of about L
| "GHz. The 1oop can be conneoted to the ground. plane:
: _zé at a voltage minimum poznt by a conneotor 20. -:ﬁ
R As. shown in Fig 5b a 7 feed may be employed, in
_:which thc oantzal conductor 6 of ‘a coaxial cable & is
ooupled to a conneot;on point 10 ‘on the loop 1visg a
oapacitor 24. The sheath 7 is oonneoted to the gﬁound

o '30 :plane 2, ag is a. further conneotion point 11 on the

Received Tine 28 Abr16:17- . Print Mime 28 Apbip:3g
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_'fgé'he gqu as a spacer, the thickness of the spacer 30 'eﬁnq'sefggggd-as
. require el ' yoar '

"l

L

For exanpl e the uppernost: [err] .circuit boanqds ' -
0| This Shdet Hds BeaUeplhdedit €, ,_and t he s_hee"t may be formed from PT 1ET§%Y%&{%§@§§§EEN B

i,

22
loop 1. _
. Alternatively, as ehown sohematically in Fig. 5o,

anw feed may be. employed in whioh the oentral

conductor 6 of a ooaxial oable 5 is coupled to the

E conneotion point lo on.the. loop 1 via a oapaoitor 24,

“'-_and also to the grounded oonneotion point 11 on the

‘10

ring via a further oapaoitor 25.

: Other known meano of feeding antennae may be ;

.i

iemployed In a development of the invention, as srawn

eohematioally in Fig €, a oonduotive loop 1 is fozmed

haV1ng two parallel inwardly extending portions 21,22,

"'_*Theee ‘axe bridged by a connection portion 23 at a gre-

15

- .28

30

‘Received Tjne-j'-f28nkpf.15:17 - Print Time 28hApr.lﬁ:35'

determined point along their length. The advantags of a

this arrangement 15 that the location of the oonne:tion‘
'point 23 can be- varied relatively easily. For example,
the loop 1 and inwardly extending portions 21, 22 may be__.F

: formed as copper. traoks on a printed oirouit board. and |

the connection portion 23 may be formed as a bridga

- after mannfaoturing ‘the printed circuit board. Itm-f

antenna may be coupled to a tranemisaion line by ssy of -

_the methods prev;ously dieoussed

As a- further alternative, the oonneotion po: ion

_23 shown in Pig.: 6 may be replaced by a resietance~

typioally haVing a re-istanoe of 300 0-600 n to giye a_
relatively wide band aerial It is found that thL
reeietanoe of the 1oop is inoreased, the reeonanoﬁ

becomes leee aharp It is also neoeesary to re—aﬁjust

'tthe impedanoe of the 1oop, e.g. by varying the

-circumferential spaoing of the oonneotion pointe 10,11,

As shown - schematically in. Fig. 7a a diltort!on '
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_arrangenent.__whi ch does not requir . | |
.”Ute rigid antenna. 5 quire air between the boards, my produce a

w2977 »,26/42

- As nmentioned ab
éldslmemmplabedboard ove, the antenn

on

I'n addition to substantiall OQ Ef E\%EN
'SUCh or SRB ally rig
_ polye I’!L i{g}j m P, -a flexible substrate, 5
_ "11exi -boards"

‘such as &
- alter the field pattern of the antenna There may ne

used. Such boar ds .are’ comonl
y -referred to i n
and the tern1pr|nﬁﬁh circuit the .

.¥ing 30 may be included inside the antenna loop 1, =2

~ one or several rings 30, and these may be located
_inside, or outside the antenna loop 1
5 In the development shown schematically in Fig
7b, the distcrtion ring 30 may be formed as a loop
having parallel inwardly -extending porticns 31,32
_30ined by a bridge 33, Thus, in a similar way te thﬂ .
| embodiment shown in Fig. 4, the. overall length of txe‘
' io, -distortion rings may- be. altcred Importantly, a.
o resistance may ‘be used as the bridge a3 completing she
loop 30. N o
. Fig aa is a sketch giving an indication of tna.
-polar diagram obtained £rom a single loop antenna '
i§~ device of. the present invention . Axis 55 repreeents
' 'distance in a radial direction, and- axis 56 reprenvr*s
'vertical distance, with the ground plane horizonta. .
1'and the centre of the loop lying at the intersectimn of
the axes. .As.can be seen. the curve 50, which is
io 'approximate half power envelope, has & similar sha:e to
that cbtained’ £rom a hali-wave vertical dipole ' '
In Fig. Bb, the curve 50 obtained £rom a siu\le |
'-'single-lccp antenna device ot the present inventi%i ‘is
' .shown on the same axes-as the curve 51 obtained fv anl
ﬁzs - antenna device haVing an inner distortion ring, ae
| - ghown in Fig. 7a.’ ' . '
' In a development of the present inventicn, i
5'locp, similar to that illustrated in Fig. S may. bf
_-emplcyed in which the connection portion 23 is

330..'substituted by”a,capacitor. There may be one or nore

Tt
F
!
s
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vari ants;

wi ndscr een.

.. 20.. _

30

ITGQUirenent i s that the board conft = nj .
al lised) track. on an insulating 'substﬂa“i'g ;EAQN;BEENJ
e, it may be nore ¥=£££££§Q=Qﬁ '

_ such as a vehicle
on, a further '

capecitors located around the lcop

it board is flexible
ess a degree of curvature,
In a developnent of -t he’ |nve

£:29 MEWBURN ELLIS +44 17 2409339
beard, - -as-used in thi.s specification,
t he essenti al.

i

W2977. 2, 21/42

IS |ntended to enconpass aII such

I'oop

Thie'reeulte'in5

” fwzde band antenna, whose characterietice may be altpred

‘10

'phono“

by adjusting ‘the value of the capacitor(e) and/or the

length oE the intervening connection portions..

.In use, it has been found that the results

obtained with an antenna device of the preeent

rconventionally used in mobile telephones

‘invention are generelly better than those cbtained With

- a helicel ‘wound aerial, as illustrated in Fig. lc, as

1t was fcund

‘that in places where it was not- poseible to obtain

satiefactory operation of a mobile telephone ueing a

conventional aerial, reoeption was made poseible by

eubstituting the oonventional aerial with an antenna

device of the present invention.

Furthermore, the antenna radiates preferentially

. in a. direction away from the ground plene

Thie allows

the antenna to be fitted to a mobile telephone 80 Lnat o

:in use, the preferred direction of radiation is away

from the body, a8 demonstrated by the results obtalned

Fig. 9a ehows the radiation pattern obtained trom -

the above described embodiment of Figs. 3 and 4 when

vertically mounted and fed With a signal of -15.8 dBm ‘

at. 840 MHz. The centre of the graph correeponds to: e
- field strength of -30 dBuV/m,_measured at 3m from rhe
25

antenna, and each coneecutive outer ring corresponte to

'5 dB greater eignal etrength than the previoue ring.

- Pig. 9b shows the correeponding pattern obta:ued
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*With the _same antenna mounted on a Motorola “‘"Fliﬂ

Fige. 10a and. lOb show the corresponding results
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paced-below the ground pl ane. The further 20 | oQp rEferava

'|ncorporates a resistance, of typically less than 100 [err]-;ﬁ]s%

—

) =

i ndhh @mmdblax¢f ‘the signal given above -the ground pl-afe t A BFEN
__glve

—.i'nco

ound pl.ane. This devel opment of the inven ;sﬂ
) nultl-layer prlnted circuit board, or on2§ pIuraIlty of . spaced boards

op bel ow.t he ground plane 25 may be formed on a-
1 obtained with a conventienal helical antenna when fud

- with a atronger signal of -7. s ‘dBm.
| " As will be appreciated, the antenna of the _
o present invention can be put to a variety of usee, ﬁhej'
:1eS 2 characteristics being chosen for each: particular -
| application in aecordance with the. general taachingn of

the above description.
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Antenna ccordrngrto the present i nventi on may be used over VEery

MAdﬁs ange of frequen sel ecting the di mensions. approprlately 30
Ii fi Repj gjnp }'mm'rm’mﬂrm"!t he ant enna [ er r] . |
. - "THIS SHEET HAS BEEN
' ' ' ' : 'REPLACED

| saa:ue'-

4. An antennarcomprieing an electrically conductive7
" closed loop spaced above a ground plane, the loop
_,having first and second connection points epaced arcund

5 the loop for coupling the loop to a tranemieeion lino.

. 2;_ An antenna according to claim 1 . wherein the luop
is substantially planar, the plane of the loop beino..
parallel to the ground plane R

'3.j Angantenna according-tc claim 2 wherein.at le:st

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

4, 5 An antenna according to claim 3 wherein said
=_printed circuit boaxrd is rigid.

5. - An. antenna according to any one: of. claima 1=3
wherein a firet dlelectric layer having a higher
15 relative permittivity than. air ig provided between the |
o loop and the ground plane. '

6. iiAn'antenna according'to'clain-s wherein'a econd.
dielectric layer or an-air space having a lower
_ ralative permittivity than said first dielectric l:yer
tzo is provrded between the loop and the ground plane

7. an antenna according to claim 6 wherein the Lirst

_dielectric layer is adjacent the loop and the secc::d

- dielectric layer or air apace is ad:aoent the groun“'

f:Received'Time - 28;Apr.15;17 ~ o Print Time 28:ADE-16:35
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enpl o '
tens*of GHz. Particula ye equenci es above 100 MHz - |
rly, up t-0 severa

NHZ Tishe it may .
-may" b2t of AL laged| ephone \ W mﬂ“‘ﬂ“]‘?“c' es of around 800-1200 -
) eSS, spa M|&Hllu pr| nt Ed requenci es, the 5 1 OOp .

oarsd bf abo
pl ane, fron1a second CIFSUIt board fg£ 2! nmth'Ckness ar .

_1; 1S SHE
" "REPLACED -

: _pla_"ne. :

8. An entenna according to any one of the preceding
"nlaime wherein cne of aaid firet and second connect::n

i- pointe is connected to the ground plane

5 9. _Anfantenna according to any one of the preceding
claima.conpriaing a. further conductive portion o

connected to the 1oop

:10;' An antenna according to claim 9 wherein laid-
.further conductive portion is connected to one of szid

10 firet.and -econd connection pointa

ii. | An'antenna according to claim 10 arranged for
-"onnection to a coaxial tranemias;on line having a
central condnctor and an outer conductor, wherein Lae
o first connection point is arranged for connection ks .
'.1-715- reaid central conductor. and eaid further conductiv«
| _ : portion comprieee a etrip adjacent .to-the outeide c£-a
'*-._portion of. the 1oop, eaid etrip compriaing a firet arm
- jportion arranged for connection to eaid outer cond\ttor;
of - the tranamieaion 1line,. & eecond arm portion i arrtuged |
20 _to provide a reactance to match said tranemieeion tine .
| to the loop, _and a joining portion, connected to the
eecond connection point of the loop and to the groind _.5

‘plane, Joining aaid firet and second arm portiona

12, tenna according to any one of the preceding |

‘25 claime wherein eaid first and eecond connection pcinte.
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This S @@enqie % antenna. Anot her advant age the present
| nventl e haﬂﬁaﬁ m, vertically polarised signal can
be gen ori z 3 '%Ianar ant enna devi

radi ation t he horlzontaFIy 1? nDunted devi ce caafTH¥$§HEEraE§gEE;T

that of a vertlcally
' o ,are spaced between 30° and 150° apart arcund the locr

. i3. " An antenna acccrding to claim 12 wherein said
,'_connection points are spaced between 60° and 130°'
: apart ' o '

5 14, An antenna acccrding to any one of the preceding
. claims adapted for use at frequencing above . 600 MHz,
wherein the diameter ‘of the loop is 8cm or less. |

i8. An antenna acccrding tc any one of the preceding B
claims adapted and arranged for use in mobile telephone f

- 10 .communications.'

"16;f An antenna according tc any one cf claims 1 to 3

or 5 to 1s, wherein the antenna is flexible.

-17,', An antenna according to any one cf the preceding
claime adapted and arranged for mounting on a vehirle

15 fWLBdSCIBGB. :

18 An antenna srray comprising a plurality of

antennae according to any onhe of the preceding clalms. -

19., An antenna array according to claim 18 compzising
ccmbining means for coupling at least two of said

'fzo*g.plurality of antennae to a single transmisaion lire.

~.30. An antenna array according to claim 18 wherein

7~said ccmbing neans comprises a conductive strip a:aced

Reoeived Time BAIBT  Printtime g hp: 15:35



- eUATR, 3 giol MEWBURN ELLIS +44 1734 2409339 w2977 ¢, 32/42
LedLha++*mave‘ﬂTﬁﬁ’é——Pﬁevreﬂﬁ+y—~++-has been necessary to have .a

vertl Eggnmde &ntenna in ord ertically- polarlsed :
Si gﬂal 2(?. di sadvant mi !‘EI!! when nounted on a
veh1c|e\ aerlal S cons rodynani c drag, and

I's pron I|sn1 The bandmndth of thg ant enna can be S BEEN
THIS SHEET HA

below eaid ground plane

REPLACED

21. A mobile telephone comprising an- antenna
'__according to any one of claime 1 to 16. _

22. A mobile telephone according to claim 21 arranged'

:5.-_eo that in use the ground plane of the antenna is _d

| positioned between the loop and the user. of the mobile__
'__telephone '

23,  Use of an antenna according to any-one of. claime'
| ':1 to 17 in mobile telephone communicationo B

10' 24, An antenna comprising an electrically conductive'--;
o euhstantially cloeed 1oop spaced above a ground plana,i,'-
the loop having £irst and second connection pointa -
-d._-spaced around the loop for connection to a transmieEion_y
_ line, the 1oop having at leaet one discontinuity at
15 which'a capacitor is connected in. series with the
-,remainder of the loop '

25, An antenna according to claim 24 in'which at
1eaet one of said firet and aecond connection poinia is
epaced away from aaid discontinuity around the

20 .circumferenoe of. the loop

Received Tine 26 Apr 16:11 Print Mme 28 Ap: 16:35
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' aI tzér“rlnag ?%e t'hl ckness G

of the loop i.n a radial 25 di rection. According to
- a development of the invention, additional

conductive portions may -be
: tTHﬂhed}ﬁym&mmeaaQ C|rcunference of the [oo
Ml

p: These may..he 109|t|oned S0 f.f
'lmmﬁlmmnr notch fil ters to 30 Treduce the a_nt_eran@

ELEEPNRY RN
REPLACED

An antenna comprzces a closed loop (1) spaced.
above a ground plane (2). Two connection poin:efor
5 (10, ,11) spaced around the 1oop (1) -axre provide(l) i
| coupl:ng to a tranamisszon lina (s) . The loop
'have one or more extra conductive portioal_
(11,15,16, 19) jc:ned to 1t to alter ics - . .uitaale |
| -character:st:cs The antenna is particular y
- mobile telephones at frequencies of the
”10.: o u’:£lzoo MHz - 900 MHz, in which- application the
' a:::j:na may be mounted £to prOV1de directiona:he 1°cp
transmiasion of power ‘away from the user. *.

y be formed on a printed circuit board

15 Fig. 3
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ant enna.devi ce may be coupled t.o knomn transnlsS|on I|nes

a preferable
This Sheet Has Been Rei

llll

9

“Figla

w2077

[err] 8 or to tune the antenna to a particular transn1sS|on I|ne

e

THIS SHEET HAS BEEN
REPLACED
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5 rmet hod Being to conneet--an unbal anced coaxial |ine d| rect |y k2971 ne, 35}@2
connecti on kis SHe& Ha¥BdefR{ Gegout er ground connector al so connec :

ground plane ., a. bal anced |i-ne may ‘sinply be con

two connecti mg’my’ Eher of the connection 10 points bgin

connected direc round plane).. As further alternativ

kngyvn neans of feedl ng an antenna may- bg,ysed in particular capamtors"’"““"““
and/ or. : _
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i nductors may be used to coupl e the antenna device to a- transm.ssion line.

of a giv A preferred arrangenent .f II%&J@EEN |
%he .of the | oop, outside and substgntial By Lt

~ant enfta ﬂiﬁysrﬁ&}fapgt% axj aI) l'ine is to provide a substan i BB
{conductor

to a port sai'd conductor stub havi ng a 20 ‘C‘onnectlon
point- alo oi ned - to a f3[r93t _ . : : -
¢

_._.'_R'_e_r:'eive_d Time 28.:Abr. 16:17 - Print Time 28._Apr-‘§_r_16:34 .



. gs 9:32 MEWBURN ELLIS +44 17142409330 - W2ari P, 3(/4c
CO”?‘%é\f 'oft"poi Nt“of the | oop and-to the ground plane, the outer conductor |

- of the—ceaeﬂﬁl——l-l_ne_be‘ng -connected to an end. of said cond ,

‘the cefmsrsgeeplg lélCtOI’ of sai d coaxial |ine being connected {{orHiBesHEETHAS BEEN

' second of the loop. ‘The I ength and thickngss of RERLACED

_conduct m paC| ng fromthe | oop, and the point of=FeFmrAg to tne
I oop ar give the desired |rrpedance and ) R _

&l9

F,ig jbf
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he | oop to the coaxial line at a 30
_'frequencyf—r—n—erddTTTFrT the length of exposed “[err] 9
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esired reactance for matching the transn1ssron line to the

[err] apart 6]@|s nay make

he connection points around the
obtai n the desired i npédance ‘and resonant f

“this aﬂmah donnect i on points are preferably sp
‘Mor e pr nnectlon points- are approxi mately [
typlcall .
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10 #E g%aracterlstlcs of the loop relatively insensitive to

- manuf acturing tol erances in positioning of the connection 1] ' I
effecLLMe_eLeePFhmﬁ—ﬁTrﬁth of the loop may -be altered (sja&Hg%§a§§R éSBEEN

conducto ntageously be forned on the

formn pﬁngénr hdedfrom 15  a point on the loop to dlportic
\Iﬁ S

conduct “H““B Ioop Is formed on a-printed ci rcwt board, the
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o sar2§ M)(ga Q? Acﬁig%t ageous ‘YBURNthe transrﬁ ssion line (e.g. 20 : coaxial cable)
'is - connected (e.g. sol dered) directly to the.surface of the =11 AS BEEN
av0| ds _t he need for extra conhductive portions around the |o pTW% RAED '

lztd cs, and al l ows the position of the cdnnect RS
: to be m, Hl'aﬂl vely: eaS| by. 8?5 - - According to a devel opnent - of
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neans can rovi ded for varying the length of the electrically’
HEET HAS BEEN |

| oop. Typi cal.l. _this—can he achi eved by . prOV|d|ng a non-cl
" " REPLACED |

99

whi ch-e end is ¢ de@¢d to a joining portion conpr|5|nu
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1. An antenna comprising an electrically conductive

5 closed loop spaced_above a ground plane, characterised in
that the loop has first and second connection points
spaced apart 30°-150° around the ldop for coupling the

loop to a transmission line.

10 2. An antenna according to claim 1 wherein the loop is
substantially planar, the plane of the loop being

paréllel to the ground plane.

3. An antenna according to claim 2 wherein at least the

15 loop is formed on a printed circuit board.

4, An antenna according to claim 3 wherein said printed

circuit board is rigid.

20 5. An antenna according to any one of claims 1-3
wherein a first dielectric'layer having a higher relative
permittivity than air is provided between the loop and

the ground plane.

25 6. An antenna according to claim 5 wherein a second
dielectric layer or an air space having a lower relative
. permittivity than said first dielectric layer is provided

between the loop and the ground plane.
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(of 10 typ

I I\I\Y\ ’) I I\I I'\I I"
. o pprihon. 3t Abodus:
a w de band ant ermatdevi c&, having a |l o Accordlng to ajlf ér

devel opment of the invention, one or nore conductive |oops which are
7. An antenna according to.claim 6 wherein the first

dielectric layer is adjacent the loop and the second

dielectric layer or air spacé is adjacent the ground

plane.
5
8. An antenna'accbrding to any one of the precéding
claims wherein one of said first and second connection
points ié connected to the ground plane.
10 9. .An antenna accordiqg to any one of the preceding

-claims comprising a further conductive portion connected

to the loop.

10. An antenna according to claim 9 wherein said further
15 conductive portion is connected to one of said first and

- second connection points.

11. An antenna according to ciaim 10 arranged for
connection to a coaxial transmission 1ine-having a

20 central conductor and an outer conductor, wherein the
first connection point is arranged for connection to said
central conductor, and said further conductive portion
comprises a strip adjacent to the outside Sf a portion of
the loop, said strip comprising a first arm portion

25 arranged for connection to said outer conductor of the
transmission line, a second arm portion arranged to
provide a reactance to match said transmission line to
the loop, an@ a joining portion, connected to the second

connection point of the loop and to the ground plane,

"This Sheet Has Been Reilaced
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12.. An antenna according to any one of the preceding

claims wherein the loop is substantially circular.

13. An antenna accordlng to claim 12 wherein said

connection points are spaced between 60° and 120° apart.

14. An antenna according to eny one of fhe preceding
10 claims adapted for use at frequencing above 600 MHZ,
wherein the diameter of the loop is 8cm or less.
.
15.. An antenna éccording to any one of the preceding
claims adapted and arranged for use in mobile telephone

-15 communications.

16. An antenna according to any one of claims 1 to 3 or

5 to 15, wherein the antenna is flexible.

20 17. An antenna according to any one of the preceding
claims adapted and arranged for mounting on a vehicle

windscreen.

18. An antenna according to any one of the preceding
25 claims wherein the spacing between the loop and the

ground plane is lcm or less.

19. An antenna array comprising a plurality of antennae

according to any one of the preceding claims.

heet Has Been Replaced
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gain or directivity. Preferably
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another aspect” of the Tnvention, one orliyéacapacitors
the | oop 30 (connected in serles). Thi s7al lows a w der

REPLAPEMENT SHEET

b botso.and SR

20.. An antenna array according to claim 19 comprising

combining means for coupling at least two of said

plurality of antennae to a Single_transmission line.

5 21. An antenna array according to claim 20 wherein said

combining means comprises a conductive strip spaced below

said ground plane.

22. A mobile telephone comprising an aﬁtenna éccording

10 to any one of claimé 1 to 18.

23. A mobile telephone according to claim 22 arranged so
that in use the ground plane of the antenna is positioned
between the loop and the user of the mobile telephone.

15 | |
24. Use of an antenna according to any one of claims 1

to 18 in mobile telephone communications.

25. An antenna comprising an electrically conductive

20 closed loop spach_above a ground plane, the loop having
first and second connection points spaced around the loop
for coupling the 1oop.to a coaxial transmission line
having a central conductor and an outer conductor,
wherein the first connection point is arranged for

25 connection to said central conductor, and a further
conductive portion comprising.a strip is provided
adjacent the outside of a portion of the loop, the strip
comprising a first arm portion arranged for connection to

the outer conductor of the transmission line, a second

T'ns Sheet Has Been Rep
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10

arm portion arranged to provide a reacténce.to match:' said
transmission line to the loop, and a joining portion
connected to the second connection point of the loop and
to the ground plane, and joining said first and second

arm portions.

26. A mobile telephone having an antenna comprising an
electricaliy conductivé closed loop spaced above a ground
pléne, the loop having first and second connection points
spaced around the loop for coupling the loop to a
transmission line, arranged so that in use the ground
plane of the antenna is positioned between the loop and a

user of the mobile telephone.

" This Sheet Has Been
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i n, an- ant enna ‘devi ce for use with si
in nobi | e tel ephones, the capacitor,
capaci tance in the range of about O.

: . yet a
aspect of the present invention, the angﬁnna devi ce of thd| patese

i nvention 10 may be used to drive other Tantenna array sy

otherw se difficult to  5a4Rhfk ‘el Hif'MOBILE TELEPHONE
ABSTRACT

An antenna comprises a.closed loop (1) spaced
above a groundlplane (2). Two connection points
5 (10,11) spaced around the loop (1) are provided for
-lcoupling to a transmission line (5). The loop (1) may
have one or more extra conductive portions
(11,15,16,19) joined to it to alter its
characteristics. | The antenna is particularly suitable
10 for use in mobile telephones at frequencies of the
order of 800 MHZ - 900 MHz, in which application the
antenna may be mounted to provide directional.
transmission of power away from the user. The loop

may be formed on a printed circuit boaxrd.

15 Fig. 3
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ant enna deV|ce can be nount ed so that the ground plane I s betweem the user
and the loop. In this way, the user may lbe shielded fromthe radiation by

t he ground

10

15

20

25

ANTENNA DEVICE AND MOBILE TELEPHONE

The present invention relates to an antenna
device for use in radio frequency communication. The
antenna device of the present invention is particularly
suitable for use at higher frequencies, such as those
employed in mobile telephones, but may be used for
lower frequencies as well. The present invention also
relates to a mobile telephone incorporating an improved
antenna.

In the prior art, a large variety of antenna
systems have been employed, depending on the frequency
employed, and the physical constraints on the antenna.
For low frequencies, a long wiie or dipole is -often
used. |

There is also known, ‘for use at low frequencies,

‘an open-loop aerial, as depicted in Fig. la in which an

open loop of wire is spaced from a ground plane by
inéulators, with one end being capacitively tuned to
ground, and the signal fed at a tap close to the other
end, which is shorted to ground. The circumference of
the loop is approximately one quarter of the wavelength
of the.signal to be transmitted or received.

This suffers from the disadvantage that complex
tuning is required to achieve a desired resonant
fréquency and impedance. Furthermore the antenna is

bulky due to the large insulators required to space the

antenna from the ground, to prevent breakdown of the

air. It has been difficult to use this antenna at

frequencies above 100 MHz requiring speéialized'
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manufacturing techniques.

Another type of antenna, used for higher
frequencies, such as in portable television receivers,
is a simple open-loop aerial, where the loop
circumference is approximately equal to the wavelength
of the signal. 1In this case, there is no ground plane
and the loop is normally mounted with its plane
vertical. This is illustrated in Fig. 1b.

For use in mobile telephones, where the
frequencies are approximately 900 MHz, and the aerial
must be'compact, a short rubber rod with a helical
winding, such as illustrated in Fig. 1c, is generally
used. Because it is necessary to make such an aerial
compact, the aerial usually cannot be an optimum length
for the wavelength used, and is therefore ineificient.
Furthermore, the aerial radiates uniformly, so in a
mobile telephone an appreciable amount of energy goes
directly into the user.

The present invention seeks to provide a novel
antenna, which can be made compact, can be coupled to a
variety of transmission lines, and is generally more
efficient than a conventional antenna of the same
dimensions.

The present~invention provides an antenna device
comprising an eiectrically conductive closed loop
spaced above a'ground plane, with two connection points
spaced around the loop for conngction to a radio-
frequency transmitter or receiver.

Preferably the circumference of the loop is

between one half and three quarters of the desired
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signal wavelength. Typically, the circumference is set
at about five eighths of the wavelength, or less.
However, this may be reduced to about a third or less
of the free-space wavelength if a dielectric is

5 positioned between the loop and ground plane. In
addition, the size depends on the arrangement used for
matching the antenna to a transmission line.

The shape of the loop is preferably substantially

circular, but other shapes such as squares, hexagons,

10 triangles etc. maf be employed. Furthermore, the shape
may be chosen to achieve a desired radiation pattern,
e.g. by using irregﬁlar shapes.

The loop is preferably planar, with the plane of
the loop substantially parallel to the ground .plane.

15 When the-tiansmission line is connected directly
to the loop, the two connection points are ‘preferably
spaced between 2.5° and 90° apart (when the loop is a
circle), typically 35° to 50°, or about 45°. In some
circumstances, however,.the spacing can be 120° or

20 larger, depending-on the arrangement: for matching the
transmission line to the 1oopf o

An advantage of the present invention is that the
impedance and resonant fregquency of the antenna can be
adjusted by varying the spacing of the loop from the

25 ground plane, and/or by.altering the dielectric
material and/or by changing the circumference of the
loop. This may simplify coupling to a transmission
line. The impedance and/or resoﬁant frequency and/or
the bandwidth and/or the efficiency can be adjusted by

30 varying the position of the connection points.
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The space between the loop and the ground plane
could be filled with air, but preferably includes a
dielectric having a higher relative permittivity, and
higher breakdown voltage than air. If a dielectric is
used, the overall dimensions of the antenna may be
reduced relative to the dimensions of an antenna with
an air dielectric. The reduction in size is dependent
on several factors including the velocity factor
(relative permittivity) of the dielectric and the
dimensions of the antenna.

More preferably, the space between loop and the
ground plane inc;udes two dielectrics of differing
permittivities, and preferably the dielectric with the
higher permittivity is closer to the loop. The
dielectric adjacent the loop preferably has a relative
permittivity of at least 2, and may be glass-fibre
board having a permittivity of approximately 5.4. The
dielectric adjacent the ground plane can be air, which -
is found to give good radiation efficiency. Other
dielectrics, .such as PTFE or polyamide, having low
relative permittivities (preferably less than about 2)
may be used.

?he'overall spacing between the loop and the
ground plane can vary, but is preferably made quité
small. For use at frequenciés from about 800 MHz-1200
MHz, it is preferably less than 1 cm, more preferably
less than 5 mm, preferably about 2 to 3.5 mm, so that a
compact aerial can be formed.

The antenna device may be formed on a double-

sided printed circuit board, with one side forming the
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ground plane, the loop being formed on the other side,
and the board serving as the dielectric. In this way,
a very compact and easy to manufacture antenna device
may be formed.

More advantageously, the antenna may comprise two
pieces of printed circuit board, each comprising a
substrate having an upper conductive layer maintained
spaced apart and substantially parallel, the upper
conductive layer of the uppermost board forming the
loop, and the upper conductive layer of the lower
printed circuit board forming the ground plane. With

this arrangement,.the space between the loop and the

~ground plane includes the substrate of the uppermost

board and the air between the boards. This:
arrangement is found to give good radiation efficiency.

Preferably, said two printed circuit boards are
maintained spaced apart by at least one spacer.. This
arrangement allows parameters, such as resonant
frequency to be adjusted simply by varying the
thickness of said at least one.spacer.

The at least one spacer preferably has a small

‘area compared to the area of the loop, preferably no

more than 10% of the area of the loop, and preferably

"~ is not positioned adjacent a voltage maximum point of

the loop.

As an alternative to the above argument, a
substantially éontinuous sheet of dielectric of lower
permittivity than the substrate of the uppermost board
may be used as a spacer,.the thickness of the spacer

being selected as required. For example the uppermost
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circuit board may have a glass fibre substrate, and the
sheet may be formed from PTFE or polyamide. This
arrangement, which does not require air between the
boards, may produce a more rigid antenna.

As mentioned above, the antenna may be formed on
a printed circuit board. In addition to substantially
rigid substrates, such as glass-fibre or SRBP, a
flexible substrate, such as acetate or polyethylene may
be used. Such boards are commonly referred to in the
art as "flexi-boards", and the term printed circuit
board, as used in this specification, is intended to
encompass all such variants; the essential requirement

is that the board comprises a conductive (e.g.

- metallised) track on an insulating substrate.

If the printed circuit board is flexible, it may
be more readily mounted on a surface which possess a
degree of curvature, such as a vehiéle windscreen.

In a development of the invention, a further loop
may be spaced below the ground plane. The further
loop preferably inéorporates.a resistance, of typically
less than 100 Q. This can increase the ratio of the
signal given above the ground plane to the signal given
below the ground plane. This development of the
invention incorporating a loop below the ground plane
may be formed on a multi-layer printed circuit board,
or on a plurality of spaced boards.

Antenna devices according to the present
invention may be used over a very wide range of
frequencies, by selecting the dimensions appropriately

for the frequency employed. However, the antenna
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device is preferably employed at frequencies above 100
. MHz up to several tens of GHz. Particularly, it may be
used at frequencies of around 800-1200 MHz, as used in
mobile telephone systems. At such frequencies, the
loop may be formed on a first priﬁted circuit board of
about 2 mm thickness or less, spaced about 2 mm from a
second circuit board forming the ground plane, the
assembly being about 6 mm thick or less and having
gides of about 6 cm or less, to produce a very compact
antenna.

Another advantage the present invention provides
is that a substantially vertically polarised signal can
be generated 'from a horizontally mounted planar antenna
device. The radiation pattern. of the horizontally . -
mounted device can be likened to that of a vertically
mounted half-wave dipole.

Previously, it has been necessary to have a-
vertically protruding antenna in order.to produce a,
vertically-polarised signal. -This has many
disadvantages;. for .example, when mounted on a vehicle,
a protruding aerial is conspicuous, ‘causeg aerodynamic
drag, and is prone to vandalism.

The bandwidth of the antenna can be altered by
altering the thickneés of the loop in a radial
direction.

According to a development of the invention,
additional conductive portions may be attached around
-the circumference of the loop. These may be
positioned so as to act as tuned notch filters, to

reduce the antenna efficiency at selected frequencies,
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Oor to tune the antenna to a particular transmission
line.

The antenna device may be coﬁpled to known
transmission lines, in a variety of ways, a preferable
method being to connect an unbalanced coaxial line
directly to the two connection points, with the outer
ground connector also connec£ed to the ground plane.
Alternatively, a balanced line may simply be connected
to the two connection points (neither-of the connection

points being connected directly to the ground plane).

- As further alternatives; other known means of ‘feeding

an antenna may be used, in particular .capacitors. and/or
inductors may be used to couple-the-anﬁenna device to a
transmission line of a given impedance.

A preferred arrangement for coupling- the antenna
device to a (coaxial) line is to provide a
substantially arcuate conductor stub in the plane of
the loop, outside and substantially parallel to a
portion of the loop, said conductor stub having a
connection point along its length joined to a first
connection point of the léop and to the ground plane,
the outer conductor of the coaxial line being connected
to an end of said conductor stub, and the centre
conductor of said coaxial line being connected to the
seéond connectioﬁ point of the loop.

The length and thickness of said conductor stub,
its spacing from the loop, -and the point of joining to
the loop are seledted to give the desired impedance and.
capacitance to match the loop to the.coaxial line at a

desired frequency. - In addition, the length of exposed .
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sheath 8, and an inner_ dielectric sheath 9 between the
central conductor.of the transmission line is adjusted

to provide a desired reactance for matching the
transmission line to the loop. The positions of the
connection points around the loop'are also varied to
obtain the desired impedance and resonant frequency.

With this arrangément, the connection points are
preferably spaced 60°~120° apart. More preferably the
connection points are approximately 90° apart,
typically being spaced 70°-110° apart. This.may make
the characteristics of the loop relatively insensitive
to manufacturing tolerances in positioning of the
connection points.

The effective electrical length of the .loop may
be altered (shortened) by forming alshort circuit f£rom
a point on the loop to a portion of the conductor stub.

If the loop is formed on a printed circuit board, .
the conductor stub may advantageously be formed on the
same board.

Advantageously, the transmission -line (e.gqg.
coaxial cable) is commected (e.g. soldered) directly to
the surface of the loop. This avoids the need for
extra conductive portions around the loop which.may
alter its chafacteristibs, and allows the position of.
the connection points to be adjusted relatively easily.

According to a development of the invention,
means can be provided for varying the length of the
electrically conductive loop. Typically, this can be
achieved by providing a non-closed loop, in which each
end is connected to a.joining'portion-comprising.a-

conductive part. The two conductive parts, optionally
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substantially parallel, may be joined at any of a
number of places along their length, so that the total'
length of conductive loop is varied.

Generally, the resistance of the electrically
cbnductive closed loop is made low, typically less than
1 Q. This reduces resistance losses, and_increases.the
Q factof of the antenna. However, according to another
development, the resistance of the loop can be
increased, typically by inserting a resistor (of
typically from 300 Q - 600 Q) in the loop at a joining
portion, to-produce a wide band antenna device, having
a low Q. |

According to a further development of the

invention, one or more conductive loops which are

‘either greater in circumference, or (more typically)

.smaller in circumference than the loop of the basic

antenna device may be employed. These may be co-planar

with the basic antenna loop (if that loop is itself

‘planar), or may be located above the basic loop, or

more typically between the basic loop and the ground
plane. These can act to alter the directional pattern
of the radiation, and can be.used to achieve greater
gain or directivity.

Preferably, where the basic antenna device is

. formed as a loop on a printed circuit board, the

additional loop or loops may be formed on the same
surface as the basic antenna loop.

According to another aspect of the invention, one

‘'Or more capacitors can be inserted in the loop

(connected in series). This alloWs a wider bandwidth
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Qé@éfgéd, and if these are inserted in a loop of
irregular shape, a compact antenna device having a
given directional pattern can be achieved. Typically,
in an antenna device for use with signals of the
frequencies employed in mobile telephones, the
capacitor, or capacitors will each have capacitance in
the range of about 0.03-14 pF.

According to yet another aspect of the present
invention, the antenna device of the present invention
may be used to driwve other antenna array systems which
are otherwise difficult to couple to a standaxrd
transmission line.

The antenna device of the present invention may -
be used in phased arrays, .or in passive-arrays.

The. present .invention also.provides a mobile.
telephone incorporating such an antenna device. The
antenna device can be mounted  so that the ground-plane
is -between:the user and the loop. In this way, the
user may be shielded from the radiation by the ground
plane, With.the overall size remaining very small. It

has been suggested that radiation from mobile telephone

. -antennae. can have disadvantageous effects on a user,

but it"has not hitherto been possible to provide a
small efficient -antenna device for a mobile telephone
which enables the user to be shielded.

Embodiments of the present invention will now be
described, by way of example; with reference to the
following drawings in which: |

Figs. la-lc illustrate examples of .prior art

antennae;
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Fig. 2 is a schematic diagram of a first
embodiment of the present invention;

Fig. 3 is a plan view of a preferred embodiment
of the present invention;

5 Fig. 4 is a side view of the embodiment of Fig.
3;

Fig. 5 shows schematically alternative ways of
coupling an antenna device of the present invention to
transmission lines;

10 Fig. 6 shows schematically an alternative
embodiment ;

Fig. 7 shows schematically developments of the .
invention in which distortion rings are present to
alter the field pattern;

15 Fig. 8 shows approximate plots of field patterns
obtained 'in the present invention;

Figs. 9a and 9b are polar plots showing radiation
patterns obtained with the embodiment of Figs. 3 and 4;
and |

20 . Figs. 10a and 10b are comparative polar plots
. showing polar plots obtained with the conventional
antenna of Fig. 1lc.

As shown in Fig. 2 an embodiment of the present
invention comprises a loop 1, typically circular,

25 spaced above a ground plane 2 by a dielectric 3. The
loop 1 is conductive, and is typically made of copper.
The ground plane 2 is also conductive, and is also
typically made of copper. The ground plane 2 is
preferably formed as a continuous conductive sheet,

30
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Or example, a mesh, or other arrangement may be
used. - Differing arrangements of ground planes are well
known in the art.

The antenna device is typically coupled to a
coaxial transmission line 5. The central conductor §
of the coaxial cable 5 is connected to the loop at a
connection point 10, and the outer conductive sheath 7

is connected to the loop at a second connection point

- 11 spaced apart from the first connection point 10 by

an angle «. The angle « is typically 45°. The second -
connection point 11 is also connected to the ground
plane 2. The coaxial cable has an outer insulating
sheath 8, and an inner dielectric sheath 9 between the
central conductor-6 and outer conductive sheath 7.

-The dielectric material may be, for example,
PTFE, glass fibre board, SRBP, ABS plastics, ceramics,
or other suitable materials. It is also possible for
the space between the conductive loop and the ground
plane to contain air. However, the dimensions may be
reduced, and the maximum power transmitted increased if
a suitable dielectric is chosen.

At higher frequencies, e.g. above 1 GHz,
dielectric losses can become significant, and the
material of the dielectric needs to be selected
appropriately. It has been found that PTFE and
ceramics materials are particularly suitable for use
at higher frequencies, e.g. around-z GHz.

The thickness of the ground plane should be

sufficient to ensure low resistivity, to minimise

.resistive losses. It is desirable to keep the conductor
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suitable knowglckness small to reduce wei
: ght, and because at high
frequencies the current flows mainly near the surface
of the conductor. Preferably, the thickness is less
than lcm, and more typically it is less than 1mm, e.g.
5 formed as a conductive copper (or silver or gold) layer
on a printed circuit boafd.

Referring to Figs. 3 and 4, a preferred
embodiment for use in mobile telephone communications
at a frequency of approiimately 800 MHz is described.

10 In this embodiment, printed circuit boards are used to
form the loop and ground plane: the loop 1 is formed on
a printed circuit board substrate 3a which is spaced
above the ground plane 2 comprising a conductive copper
sheet on a circuit board substrate to leaving an air

15 gap 3b. The air gap 3b is maintained by spacers
13a,13b sandwiched between the substrate 3a and the
ground plane 2. |

-The assembly is held together by a suitable known
fixing means, such as adhesive (e.g. cyano-acrylate) or

20 external clips. It is important that the fixing means
does not affect the characteristics of the antenna, or
that any effect is compensated for. For example,
adhesive may affect theldielectric properties, or may
contain moisture which is conductive.. Likewise, use of

25 conductive clips may alter the antenna characteristics
significantly.

As can most clearly be seen from Fig. 3, an
arcuate conductive stub 15,19 is formed from a piece of
track substantially parallel to a portion of the loop

30 1, and joined to the loop 1 at a connection point 11 by
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a joining portion 16. A joint 17, which may comprise
the same material as the conductive sheath 7 of the
coaxial cable 5, is soldered to the conductive stub
15,19 and to the ground plane 2. The central conductor
6 of the coaxial cable 5 is soldered to the loop 1 at a
connection point 10. The outer conductive sheath 7 of
the cable 5 is soldered to a portion 15 of the
conductive stub 15,19. The other portion 19 of .the
stub 15,19 is shaped so as to match the cable to the
loop at the desired resonant frequeﬁcy.

The side of the antenna to which the transmission

line is coupled may be varied, for example if an array

of antennae, as described below, is employed.
Referring to the orientation of the antenna shown.in.
Fig. 3, a second antenna may be- mounted to -the right of
the antenna shown with its coaxial cable connected,
mirror-fashion, to the left of the loop.

Matching is carried out experimentally. The loop
1l is slightly smaller than would be required if the .
transmission 1ine-wére connected directly to the -
connection points, which gives the loop a slight
(capacitative) reactance at the resonant frequency.
The length of the arm 19 is then adjusted
experimentally to obtain the optimum (inductive)
reactance, so that the currents flowing in the loop are
substantially symmetrical, and maximum radiated field
is obtained for a given input -signal.

For use at approximately 850 MHz, a loop radius
of about 19 mm was used,'with a copper track width of

1.5 mm. The stub portion 15,19 had an overall length 1
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of about 32 mm, formed from an arcuate portion of track
having a width of 4 mm and a radius of curvature S of
approximately 23 mm. The width j of the joining
portion 16 was 5 mm. The overall width w of the
5 substrate 3a was 45 mm, and the overall height h was 51
mm approximate with the spacings a and b of the edge of
the loop from the edge of the substrate being
approximately 2 mm. This was mounted on a ground
plane 2 approximately S cm wide by 6 cm tall.
io0 - The portion of central conductor 6 of the coaxial
cable 5 exposed outside the outer sheath_7 was
approximafely 15 mm long. This length was selected to
give best matching of the cable § to the antenna. With
this arrangement it was found that it was not necessary
15 to couple the central conductor 6 to the connection
point 10 via a capacitor as in a conventional v match
arrangement.
The substrate 3a was glass fibre circuit board,
having a relativg permittivity of 5.4, approximately
20 1.2 mm thick. The spacers 13a,13b were formed from -
strips of glass fibre board. To adjust the resonant
frequency, for example to resonate in a different band,
the thickness of the spacers 13a,13b was altered by a
small amount. For use at 835 MHz, each spacer has a
25 thickness of approximately 1.08 mm, and for 910 MHz,
" each spacer was 1.30 mm thick.
Thus in this embodiment, a small increase in the
spacing of the ground plane and loop caused an increase
in resonant frequehcy.

30 All of the above parameters were determined
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-conductl
5 1is soldered to the loop 1 at a connection point

6 of the coaxl
10. The outer conductlve sheath 7 of thk7cable 5 is soldered to a portion

15 of the . experimentally by trial and error. It was found that

parameters such as impedance and resonant frequency -

were relatively insensitive to small variationé (+ 5 mm

or so) in the location of the connection point 10 or of

5 the length of the portion 15 of the conductive stub

15,19. This permits variation due to manufacturing
tolerances to be ébcommodatedp It was found that the
dimensions of the portion 19 of the conductive stub
15,19 are relatively critical in determining resonant

. 10 frequency and eliminating spurious resonances.

As the angle a is reduced, the efficiency tends
to drop, and as o is increased, the usable bandwidth is
found to decrease.. Experimentally 20° is found to be
optimum with the above. dimensions, and a 50.9 coaxial

15 cable.

It was possible to shorten_the-effective
electrical size of the antenna by short-circuiting a
point on the conductive stub 19 to-a .point on the loop
1. Preferably said point on the loop 1 is

20 “substantially adjacent said point on the cdnductive
stub 19 to which it is short-circuited. - For example,
in the .embodiment depicted in Fig. 3, .said points are
located respectively on the loop 1 and on the

. conductive stub 19, each being a few.-mm to .the left. of

25 the joining portion 16.

Figs. 9 and 10, described beloﬁ, show typical
results obtained with the above embodiment and with a .
conventional antenna, in which the conventional antenna.
was driven at o higher power.

30 - - For use at lower frequencies, a larger loop is
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used, and for use at higher frequencies, a smaller loop
is used. In.general,.the loop circumference is
typically a little over one-half of the effective
wavelength employed, up to abouﬁ three-quarters of the
wavelength employed. However, the precise size will
depend on the dielectric-used and the matching
arrangement, and méy be determined by trial and error.
As can be seen from the above embodiment, the
circumference of the loop may be approximately one
third of the free space wavelength.

It is generally found that the impedance
increases as the angle a between the connection points
10,11 increases. As the 'angle o becomes small, the
efficiency tends to drop, the .antenna behaving like a
short circuit.

" Increasing the spacing between the conductive
loop 1 and thé ground plane 2 is found to decrease the
impedance of the antenna, and generally tends to
decrease the resonant frequency. However, with
certain arrangements, an opposite effect is obtained.

Increasing the loop 1l circumference is found to
decrease. the resonant frequency, but does not -
substantially affect the impedance if the- same relative

 proportions are maintained.

Inserting a dielectric 3,3a,3b having a higher
relative permittivity between the loop and the ground
plane tends to decrease the impedance, and also.to
decfease the resonant frequency.

The bandwidth is dependent on the above

parameters, which are selected in combination to obtain
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connected directly to the connection points, which gives the toop a srirgnt
(capacitative) reactance at the resonant9frequency. The length of the arm

19 is then adjusted
a desired value.

Thus, the spacing of the connection points 10,11,
the spacing of the loop 1 and the ground plane 7, the
dielectric material 3,3a,3b, and the overall

5 circumference of the loop 1 may be altered to achieve a
désired impedance and resonant frequency. The
parameters are adjusted empirically while measuring
voltage standing wave ratio while transmitting a signal
of the desired frequency, and monitoring transmitted

10 field strength until desired characteristics are
obtained, - following the above general rules.

It has been found that attaching an extia
conductive portion to-the loop, so.that the loop.is not
symmetrical alters the properties. of theuantenna.n  For

15 example, it can cause the loop to. reject certain. |
-frequencies, and behave as a crude notch filter.

Although the antenna is preferably planar, it may
be. formed.as a flexible structure, for example
comprising one or more flexible circuit boards. It is

20 found that mounting the antenna with a slight degree of
curvature, suéh as' that typical of a vehicle
windscreen, does not substantially affect its
characteristics. “Thus an antenna for a vehicle
windscreen may be formed as a flexible, prefeiably

25 self-adhesive, "sticker".

When mounted in a vehicle, it is found that an
rarray of antennae, typically 2 or 4, may give better
‘results than a single antenna. The antennae may share
a common ground plane 2, and the array is typically

30 substantially planar, although it may be flexible as
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described above. The antennae may be co-linear, the
array forming a strip. Many arrangements -of signal
combiners/dividers are known in the art for coupling a
plurality of antennae to a single transmission line.

A preferred arrangement of power dividing means which
results in a compact antenna is to provide a strip line
mounted above a ground plane, the strip line being
electrically one half of the wavelength employed. Two
antennae, or further combine;s in the case of more than
two antennae,  are coupled one to each end of the .strip
line, and the transmission line is connected to the

centre. If this arrangement is employed, the strip-

~line may utilise the same ground plane 2 as the

antennae.
In particular, the ground plane 2 may.be formed

as one side of a double-sided circuit board, the strip

‘line being formed on the other side. Coaxial cable may

be attached to the ends of the strip line, and

connected to the antennae as described previously.
Alternatively through-hole plating may be employed, the
antenna array being formed as a multi-layer sandwich
comprising (séquentially) loop, ground plane, strip
line, with a through connection from the loop.to .the
strip line. This may result in a very .compact
arrangement. However it is found that this
arrangement requires a -fair degree of trial and error
to obtain the best results as the antenna
characteristics can be affected by mutual coupling, and
coupling to the power dividing means. As an

alternative which is slightly less compact, but which
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may be simpler to align, the strip line may be formed
as a separate double-sided board mounted below the
antennae ground plane, the strip line facing away from
the antennae.

5 When an array of antennae is employed, the
orientations and/or phases of the individual antennae
may be chosen to provide a desired polarization

_pattern, e.g. a quasi circular polarisation. The
desired pattern is obtained by trial and error, in
10 accordance with known techniques for driving phased
arrays of-anpennae.
- As ‘shown schematically'in Fig. 5a,.an antenna
device of the present invention can be coupled to a
balanced transmission line 26,27. The two wires 26,27
‘15 of the transmission line are connected via respective:
capacitors 28,29 to connection points 10,11 spaced
around the loop. Each capacitor is chosen to match the
impedance of the transmission line to-that of the
antenna using standard techniques. As discussed above,
20 the impedance of the antenna itself can be altered to -
.simplify matching to a transmission line of a given
impedance. The capacitors would be of the order of -
about 10 pF for frequencies of the order of about 1
GHz. The loop can be connected to the groﬁnd plaﬁe 2
25 at a voltage minimum point by a connector 20.

As shown in Fig.  5b a ¢ feed may Be employed, in
which the central. conductor 6 of a coaxial cable 5 is
coupled to a connection point 10 on the loop 1 via a

.capacitor 24. The shéath 7 is connected to the ground

30 plane 2, as is a further connection point 11 on the
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conductor 6 of the coaxial cable 5 exp@2ed outside the outer sheath 7 was

apprOX|nater 15 mmlong. This I ength was selected to
loop 1.

Alternatively, as shown schematically in Fig. Sc,
an w feed may be employed, in which the central
‘conductor 6 of a coaxial cable 5 is coupled to the

5 connection point 10 on the loop 1 via a capacitor 24,
and-alsq-to the grbunded connection point 11 on the
ring via a further capacitor 25.
Other known means of feeding antennae may be
employed. 1In a development of the invention, as shown
10 schematically in Fig. 6, a conductive loop 1 is formed
having two parallel inwardly extending portions 21,22.
These are bridged by a connection portion 23 at a pre-
' aetermined point along their length. The advantage of
this arrangement is that the location of the connection
15 point 23 can be varied relatively easily. For example,
the loop 1 and inwardly extending portions 21,22 may be
formed as copper tracks on a printed circuit board, and
the connection portion 23 may be formed as a bridge
after manufacturing the printed circuit_beard. The
20 antenna may be coupled to a transmission line by any of
the methods previcusly discussed.

As a further alternative, the connection portion
23 shown in Fig. 6 may be replaced by.a resistance,
typieally having a resistance of 300 Q-600 Q to give a

25 relatively-wide band aerial. It is.found that the
resistance of the loop is increased, the resonance
becomes less sharp. It is also necessary to re-adjust
the'impedance of the loop, e.qg. 5& varying the
circumferential spacing of the comnection points 10,11.

30 As shown schematically in Fig. 7a a distortion
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' ring 30 may be included inside the antenna loop 1, to
alter the field pattern of the antenna. There may be
one or several rings 30, and these may be located
inside, or outside the antenna loop 1.
5 In the development shown schematically in Fig.
7b, the distortion ring 30 may be formed as a loop
having parallel inwardly extending portions 31,32
" joined by a bridge 33. Thus, in a similaf-way to the .
embodiment shown in Fig. 4, the overall length of the
- 10 distortion rings may be altered. Importantly, a
resiétance may .be used as the bridge 33 completing the
loop 30.
Fig. 8a is a sketch-giving an indication  of the.
polar diagram obtained from a single loop antenna. .
15_ device of the present invention. . Axis 55 represents
. distance in a radial direction, and-axis 56 represents. ..
vertical distance, with the ground plane horizontal,
and the centre of the loop lying at the intersection of
the axes. .As.'can be-éeen, the curve 50, which is an -
'20 ‘approximate half power envelope, has a similar shape to-
that obtained from a half-wave vertical dipole.
In Fig. 8b, the curve 50 obtained from a simple
single-loop antenna device of the present invention is
shown on the same axes-as the curve 51 obtained for an
25 antenna device having an inner distortion ring, as
shown in Fig. 7a.
In a development of the present invention, a
loop, similar to that illustrated in Fig. 6 may be

employed, in which the connection portion 23 is

30 substituted by a capacitor. There may be one or more
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t hi cknes roximately 1.08 mm and for 910 MHz, each .
mm t hick. Thus in this enbodinment, a sn®d| increase in the spacing of the

ground plane and | oop caused an increase
capacitors located around the loop. This results in a

wide band antenna, whose-characteristics may be altered
by adjusting the value of the capacitor(s) and/or the -
length of the intervening connection portions.

5 In use, it has been found that the results
obtained with an antenna device of the present
invention are generally better than those obtained with
a helical wound aerial, as illustrated in Fig. 1c, as
conventionally used. in mobile telephones. It was found

10 that in places where it was not possible.to obtain
-satisfactory operation of a mobile telephone using a
conventional aerial, reception was made possible by
substituting the conventional aerial with.ah-antenna
device of the present invention.
i5 . Furthermore, the antehna radiates preferentially
*"in a direction away from. the ground plane. This allows
the antenna to be fitted to a mobile telephone so that
in use, the preferred direction of radiation is away
from the body,.as demonstrated by the results obtained:.
20 ' Fig. 95 shows the radiation pattern obtained from
the above described embodiment of Figs. 3 and 4 when
-vertically mounted and fed with a signal of -15.8 dBm
at 840 MHz. The centre of the graph corresponds to a
field sﬁrength of -30 dBuv/m, measured at 3m from the
25 antenna, and each consecutive outer ring corresponds to
5 dB greater signal strength than the previous ring.
Fig. 9b shows the.correqun@ing pattern obtained
with the same antenna mounted on a Motorola ™ "Flip
phone“;

30 Figs. 10a and 10b show the corresponding results
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_ 25
obtained with a conventional helical antenna when fed .
with a stronger signal of -7.6 dBm.
As will be appreciated, the antenna of the
present invention can be put to a variety of uses, the’
5 characteristics being chosen for each particular
application in accordance with the general teachings of

the above description.
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1. An antenna comprising an_electricaliy conductive
closed loop spaced above a ground plane, ‘the loop
having first and second connection points spaced around

5 the loop for coupling the loop to a transmission line.

2. An antenna according to claim 1 wherein the loop
is substantially planar, the plane of the loop being

parallel to the ground plane.

3. An antenna according to claim 2 wherein at least

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

4, An antenna according to claim 3 wherein said

printed circuit board is rigid.

5. An. antenna according, K to any one of.claims 1-3
wherein a first dielectric layer hawving a higher .
15 relative permittivity than air is provided between the

loop and the ground plane.

6. _ An antenna according to claim 5 wherein a second
dielectric layer or an air space having a lower
relative permittivity than said first dielectric layer

.20 is provided between the loop and the ground plane.

7. An antenna according to claim 6 wherein the first
dielectric'layer is adjacent the loop and the second

dielectric layer or air space is adjacent the. ground
reet Has Been Replaced
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plane.

8. An antenna according to any one of the preceding
claims wherein one of said first and second connectibn

points is connected to the ground plane.
9. An antenna according to any one of the preceding
claims comprising a further conductive portion

connected to the loop.

10. An antenna according to claim 9 wherein said

further conductive portion is connected to one of said

first and second connection points.

11. An antenna according to claim 10 .arranged for.
connection to a coaxial tfansmission line having a
central conductor and an outer conductor, wherein the -
first connection point is arranged for connection to
said central conductor, and said further conductive
portion comprises a strip adjacent .to -the outside of ‘a
portion of. the loop, said strip comprising a first arm
portion arranged for connection to said outer conductor
of the"transmission line, a second arm portion arranged
to provide a reactance to match said transmission line .
to the loop, and a joining portion, connected to the
second connection point of the loop and to the ground

plane, joining said first and second arm portions.

12. An antenna according to any one of the preceding

claims wherein said first and second connection p01nts
" This § Sheet Has Been R

[
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13. An antenna according to claim 12 wherein said
connection points are spaced between 60° and 120°
apart.

5 14. An antenna according to any one of the preceding
claims adapted for use at frequencing above 600 MHz,

wherein the diameter of the loop is 8cm or less.

15. An antenna according to any one of the preceding
claims adapted and arranged for use in mobile. telephone

10 communications.

"16. An antenna according to any one of -claims 1 to 3

or 5 to 15, wherein the antenna is flexible.

17. An antenna accbrding to any. one of the preceding
claims adapted and arranged for mounting on a vehicle

15 windscreen.

18 An antenna array comprising a plurality of

antennae according to any one of the preceding claims.

19. An antenna array according to claim 18 comprising
combining means for coupling at least two of said

.20 plurality of antennae to a single transmission line.

20. An antenna array according to claim 18 wherein

said combing. means comprises a conductive strip spaced
eet Has Been Replaced

Wi




hF?gs 9 and 10, —deseribed bel ow, show typical results obt | RERLAGEMENT, BHEET

th a conventional antenna, in whicljf the cqrfe
m ﬂ'ﬂg’ ﬂmﬁ power. 30 For use #t° ?qurggmm

THIS SHEET HAS BEENJ
REPLACED

."above enbodi
uantenna was
frequenci es,

10

15

20

29

-1

below said ground plane.

21. A mobile telephone comprising an antenna

according to any one of claims 1 to 16.

22, A mobile telephone according to claim 21 arranged
so that in use the ground plane of the antenna is
positioned between the loop and the user of the mobile

telephone.

23. Use' of an antenna according to any one of claims

1 to 17 in mobile telephone communications.

24. An antenna comprising an electrically conductive
substantially closed loop spaced.above a ground plane,

the loop having first and second connection points

spaced around the loop for connection to a transmission -

line, the loop having at. least ‘one discontinuity at
which a capacitor is connected in series with the

remainder of the loop.

25. An. antenna according to claim 24 in which at
least one of said first and second connection points is
spaced away from said discontinuity around the

circumference of the loop.

—_—
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ANTENNA DEVICE AND MOBILE TELEPHONE

ABSTRACT

-~
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An antenna comprises a closed loop (1) spaced

above a ground plane (2). Two connection points

5 (10,11) spaced around the loop (1) are provided for

coupling to a transmission line (5). The loop (1) may
have one or more extra conductive portions
(11,15,16,19) joined to it to alter its
characteristics. The antenna is particularly suitable

10 for use in mobile telephones at frequencies of the

order of 800 MHz - 900 MHz, in which application the

antenna may be mounted to provide directional

transmission of power away from the user. The loop

may be formed on a printed circuit board.

15 Fig. 3
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ANTENNA DEVICE AND MOBILE TELEPHONE

The present invention relates to an antenna

device for use in radio frequency communication The

antenna device of the present invention is particularly

suitable for use at higher frequencies, such as those

employed. in mobile telephones, but may be used for

lower frequencies as well. The present invention also

relates to a mobile telephone incorporating an improved
antenna.

10 In the prior art, a large variety of antenna

systems have been employed, depending on the frequency

employed, and the physical constraints on the antenna.
For low frequencies, a long wire or dipole is often
used.

15 There is also known, ‘for use at low frequencies,

an open-loop aerial, as depicted in Fig. 1a in which an
open loop of wire is spaced from a ground plane by
insulators, with one end being capacitively tuned to

ground, and the signal fed at a tap close to the other
20 end, which is shorted to ground. The circumference of

the loop is approximately one quarter of the wavelength

of the signal to be transmitted or received.

This suffers from the disadvantage that complex

tuning is required to achieve a desired resonant

25 frequency'and impedance. Furthermore the antenna is

bulky due to the large insulators required to space the
antenna from the ground, to prevent breakdown of the
air. It has been difficult to use this antenna at

freguencies abéve 100 MHz requiring specialized



| i ne being forned on the other side. Coaxial cable may be attached to the
‘ends of the strip line,

and. connected to the antennae:- &&;Ge&gpred____mﬁ
previously. 20

Al ternatively through-hole plating nﬁyvhe;@ﬁ@bqweqmifﬁ
antenna array being forned as a nmulti-Ilayer sandw ch gonpri sing

(sequentially) loop, ground plane, strip line, wth ajftdutoUgh ¢ONNE&H. 1 ¢
fromthe loop to the strip line. This may result in anay;é&&é%@

manufacturing techniques.

Another type of antenna, used for higher

frequencies, such as in portable television receivers,

is a simple open-loop aerial, where the loop

circumference is approximately equal to the wavelength

of the signal. In this case, there is no ground plane

and the loop is normally mounted with its plane

vextical. This is illustrated in Fig. 1b.

For use in mobile telephones, where the

10 frequencies are approximately 900 MHz, and the aerial

must be compact, a short rubber rod with a helical

winding, such as illustrated in Fig. 1lc, is generally

used. Because it is necessary to make such an aerial

compact, the aerial usually cannot be an optimum length
15 for the wavelength used, and is therefore inefficient.
Furthermore, the aerial radiates uniformly, so in a

mobile telephone an appreciable amount of energy goes

directly into the user.

The present invention seeks to provide a novel
20 antenna, which can be made compact,_can be coupled to a
‘ variety of transmission lines, and is generally more
efficient than a conventional antenna of the same

dimensions.

The present invention provides an antenna device

25 comprising an electrically conductive closed loop

spaced above a ground plane, with two connection points
spaced around the loop for connection to a radio-
frequency transmitter or receiver.

'Preferably the circumference of the loop is

30 between one half and three gquarters of the desired



25 arrangenent .

fair degree of trial and error to obtain the best
characteristics can be affected by mutual coupling,

an rﬁqgmﬂ1§pﬁxrfﬁe—~
power dividing means. As an 30 alternative which isg BEFgiNeEYENESHEET

conpact, but which
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However it is found that this arrangenent requires a
results as the antenna

3

signal wavelength. Typically, the circumference is set

at about five eighths of the wavelength, or less.
Howéver, this may be reduced to about a third or less
of the free-space wavelength if a dielectric is
positioned between the loop and ground plane. In

addition, the size depends on the arrangement used for

matching the antenna to a transmission line.

The shape of the loop is preferably substantially
circular, but other shapes such as squares, hexagons,

triangles etc. may be employed. Furthermore, the shape

may be chosen to achieve a desired radiation pattern,
e.g. by using irregular shapes.

The loop is preferably planar, with the plane of
the loop substantially parallel to the ground .plane.

When the transmission line is connected directly
to the loop, the two connectiqn points are preferably
spaced between 2.5° and 90° apart (when the loop is a
circle), typically 35° to 50°, or about 45°. In some

circumstances, however, the spacing can be 120° or

larger, depending-on the arrangement- for matching the

transmission line to the.loop. -

An advantage of the present invention is that the
impedance and resonant frequeﬂcy of the antenna can be
adjusted by varying the spacing of the loop from the
ground plane, and/or by altering the dielectric
material and/or by changing the circumference of the
loop. This may simﬁlify coupling to a transmission
line. The impedance and/or resonant frequency and/of

the bandwidth and/or the efficiency can be adjusted by

varying the position of the connection points.



_lerr] 21 may be sinpler to align, the strip.line may be forned as a
separ at e doubl e-si ded board nounted bel ow t he ant ennae

strip line facing away fromthe antennae. 5 Whe
antennae i s enpl oyed, the
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The space between the loop and the ground plane
could be filled with air, but preferablylincludes a

dielectric having a higher relative permittivity, and

higher breakdown voltage than air. If a dielectric is

used, the overall dimensions of the antenna may be
reduced relative to the dimensions of an antenna. with

an air dielectric. The reduction in size is dependent

on several factors including the velocity factor

(relative permittivity) of the dielectric and the

10 dimensions of the antenna.

More preferabiy, the space between loop and the

ground plane includes two dielectrics of differing

permittivities, and preferably the dielectric with the

higher permittivity is closer .to the loop. The
15 dielectric adjacent the loop preferably has a relative

permittivity of at least 2, and may be glass-fibre

board having a permittivity of approximately S5.4. The

dielectric adjacent the ground plane can be air, which
is found to give good radiation efficiency. Other

20 dielectrics, .such as PTFE or polyamide, having low

relative permittivities (preferably less than about 2)
may be used.l
The overall spacing between the 106p and the
ground plane can Qary, but is preferably made quite
25 small. For use at frequencies from about 800 MHz-1200
MHz, it is preferably less than 1 cm, more preferably
less than 5 mm, preferably about 2 to 3.5 mm, so that a

compact aerial can be formed.

The antenna device may be formed on a double-

30 sided printed circuit board, with one side forming the



orientations and/or phases of the individual antennae may be chosen to
“provide a desired polarization pattern, e.g. a quasi circular polarisation.

The desired pattern is obtained by trial
known techni ques for driving phased arrays of antennae.

schematically in Fig. 5a, an antenna device of the presgnt
coupled to a
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and error, in 18=
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ground plane, the loop being formed on the other side,

and the board serving as the dielectric. 1In this way,

a very compact and easy to manufacture antenna device
may. be formed.

More advantageously, the antenna may comprise two
pieces of printed circuit bﬁard,'each comprising a
substrate having an upper conductive layer maintained
spaced apart and substantially parallel, the upper
conductive layer of the uppermost board forming the
loop, and the upper conductive layer of the lower
printed circuit board forming'the ground plane. With
this arrangement, the space between the loop and the
ground plane includes the substrate of the uppermost

board and thé air between the boards. This

arrangement is found to give good radiation efficiency.
Preferably, said two printed circuit boards are
maintained spaced apart by at 1eést one spacer. This
arrangement éllows parameters, such as resonant .
frequency to be adjusted simply by varying the

thickness of said at least one spacer. '
The at least one spacer preferably has a small
area compared to the area of the loop, preferably no
more than 10% of the area of the loop, and preferably
is not positioned adjacent a voltage maximum point of
the loop.
As an alternative to the above argument, a

sﬁbstantially continuous sheet of dielectric of lower

permittivity than the substrate of the uppermost board

may be used as a spacer, the thickness of the Spacer‘

being selected as required. For example the uppermost



bal anced transm ssion |ine 26,27f-The two wires 26,27 15

“transm ssion |line are connected via respective capacitor EEPQQCEMENTSHEET
connection points 10,11 spaced around the | oop. Each capgcito

r toﬁ
match the inpedance of the transnmission line to that of {he “an?éiﬁ@nﬁiﬁﬁb
standard techni ques. As discussed above, 20 t he |npedanc§=8F‘FﬁE—aﬂt%ﬂﬂ

itself can be altered to sinplify matchinggto a transm ssion line of a
gi ven

circuit board may have a glass fibre substrate, and the -
sheet may be formed from PTFE or polyamide. This
arrangement, which does not require air between the
boards, wmay produce a more rigid antenna.

As mentioned above, the antenna may be formed on

a printed circuit board. In addition to substantially

rigid substrates, such as glass-fibre or SRBP, a

flexible substrate, suéh as acetate or polyethylene may

be used. Such boards are commonly referred to in the

10 art as "flexi-boards", and the term printed circuit

board, as used in this specification, is intended to
encompass all such variants; the essential requirement
is that the board comprises a conductive (e.q.

metallised) track on an insulating substrate.

15 If the printed circuit board is flexible, it may
be more readily mounted on a surface which possess a

degree of curvature, such as a vehicle windscreen.

In a development of the invention, a further loop

may be spaced below the ground plane. The further

20 loop prefefably incorporates..a resistance, of typically

less than 100 Q. This can increase the ratio of the
signal given above the ground plané to the signal given
below the gréund plane. This devélopment of the
invention incorporating a loop below the ground plane
25 may be formed on a multi-layer printed circuit board,
~or on a plurality of spaced boards.
Antenna devices adqor&ing to the present
invention may be used over a very wide range of

frequencies, by selecting the dimensions appropriately

30 for the frequency employed. However, the antenna



| npedance. The capacitors would be of the order of about 10 pF for

frequencies of the order of about 1 GHz. The | oop can be co}
ground pl ane 2 25 at a vol tage m ni mum poi nt by a connect
in Fig. 5b a [err] feed may be enpl oyed, in which the centr
cable 5 is coupled to a connection point 10 o
24. The sheath 7 is connected LP t he ground

of a coaxi al
a capacitor
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- mobile telephone systems.
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device is preferably employed at frequencies above 100

MHz up to several tens of GHz. Particularly, it may be

used at frequencies of around 800-1200 MHz, as used in
At such frequencies, the
loop may be formed on a first printed circuit board of
about 2 mm thickness or less, spaced about 2 mm from a
second circuit board forming the ground plane, the
assembly being about 6 mm thick or less'and having
sides of about 6 cm or less, to produce a very compact
antenna.

Another advantage the present invention provides
is that a substantially vertically poiarised signal can
be generated ‘from a horizontally mounted planar antenna
device. The radiation pattern of the horizontally
mounted device can be.-likened to that of a vertically
mounted half-wave dipole.

Previously, it has been necessary to have a-
vertically protrudlng antenna in order. to produce a
vertically- polarlsed signal. -This has many
disadvantages; for-example, when mounted on a vehicle,
a protruding aerial is conspicuous, ‘causes aerodynamic

drag, and is proné to vandalism.

The bandwidth of the antenna can be altered by
altering the thiékness of the loop in a radial
direction.

According to a develoﬁment of the invention,
additional conductive portions may be attached around
the circumference of the loop. These may be

positioned so as to act as tuned notch filters, to

reduce the antenna efficiency at selected frequencies,

7

| 00p.l.V|a ...... _.



30 plane 2, as is a further connection point 11 on the
"Alternatively, as shown schematically in Fig. 5c, an [err] J.€e - 1VA
enpl oyed, in which the central B ACERENT SHEET
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or to tune the antenna to a particular transmission
1ihe.

The antenna device may.be coupled to known
transmission lines, in a variety of ways, a preferable
method being to connect an unbalanced coaxial line
directly to the two connection points, with the outer
ground connector also connected to the ground plane.
Alternatively, a balanced line may simbly be connected
to the two connection points (neither-of the connection
10

points being connected directly to the ground plane).

As further alternatives, other known means of ‘feeding

an antenna may be used, in particular .capacitors and/or

inductors may be used to couple the antenna device to a

transmission line of a given impedance.

15 A preferred arrangement for coupling the antenna

device to a (coaxial) line is to provide a
substantially arcuate conductor stub in the plane of
the lobp, outside and substantially paraliel to a
portion of the loop, said conductor stub having a
20 connection point along its length joined to a first
connection point of the loop and to the ground plane,
the outer conductor of the coaxial line being connected
to an end of said conductor stub, and the centre
conductor of said coaxial line being connectéa.to the
25 second connection point of the loop.

The length and thickness of said conductor stub,
its spacing from the loop, and the point of joining to
the loop are selected to give the desired inipedance and.
capacitance to match the loop to the.coaxial line at a

30 desired frequency. In addition, the length of exposed .



conductor 6 of a coaxi al
on the loop 1 via a capacitor

CONTECEoR—Porn
11 on the ring via a further capacitor 25. Cther known rﬁ%%@ﬁ&FWQN%ﬁHEﬁT T
ant ennae nmay be enpl oyed. F

ion,
schematically in Fig. 6, a conductive loop 1 is fornmed haV|ng tmn para ??7
I nwardly extendi ng portions 21, 22.
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cable 5 is coupled to the 5 connection point 10

24, and al so to the grounfe

In a devel opment of the inven

o e
central conductor. of the transmission line is adjusted

to provide a desired reactance for matching the

transmission line to the loop. The positions of the

connection points around the loop are also varied to
obtain the desired impedance and resonant frequency.

With this arrangement, the connection points are

preferably spaced 60°-120° apart. More preferably the

connection points are approximately 90° apart,
typically being spaced 70°-110° apart. This. may make
the characteristics of the loop relatively insensitive

to manufacturing tolerances in positioning of the

connection points.

The effective electrical length of the loop may
be altéred (shortened) by forming a éhort circuit from
a point'on the loop tb a portion of the conductor stub.

If the loop is formed on a printed circuit. board,
the conductor stub may advantageodsly be formed on the
same board.

Advantageously, the transmission line (e.g.

coaxial cable) is connected (e.g. soldered) directly to

the surface of the loop. This avoids the need for

extra conductive portions around the loop which.may
alter its characteristics, and éllowé the position of.
the connection points to be adjusted relatively easily.
' According to a development of the iﬁvenﬁion,

means can be provided for var?ihg the length of the
electrically.conductive loqp. Typically, this can be
achieved by providing a-nbn-clésed loop, in which each
end is connected to a.joining- portlon comprising a -

conductive part. The two conductive parts, optlonally



These are bridged by a connection portion 23 at a pre-I-AM
*along their length. The advantage of this arrangenent i ,
of the connection 15 poi nt 23 can be vari.ed relatlvelw easily.

exanpl e, the loop 1 and inwardly extending portions 21/ ZQamayZlﬂa‘Ver o
copper tracks on a printed circuit board, and t he connee%FGn

[]]
be formed as a bridge after nanufacturlng EEF printed circuit board. The

substantially parallel, may be joined at any of a

number of places along their length, so that the total

length of conductive loop is varied.

Generally, the resistance of the electrically

conductive closed loop is made low, typically less than

1 Q. This reduces resistance losses, and increases the

Q.factor of the antenna. However, according to another

development, the resistance of the loop -can be

incréased, typically by inserting a resistor (of

10 typically from 300 Q@ - 600 Q) in the loop at a joining

portion, to produce a wide band antenna device, having
a low Q.

According to a further development of the

invention, one or more conductive loops which are

15 either greater in circumference, or (more typically)

smaller in circumference than the loop of the basic

antenna device may be employed. These may be co-planar

with the basic antenna loop (if that loop is itself

planar), or may be located above the basic loop, or

20 more typically between the basic loop and the ground

plane. These can act to alter the directional pattern

of the radiation, and can be used to achieve greater
gain or directivity.

Preferably, where the basic antenna device is

25 formed as a loop on a printed circuit board, the

additional loop or loops may be formed on the same

surface as the basic antenna loop.

According to another aspect of the invention, one
or more capacitors can be inserted in the loop

30 (connected in series). This allows a wider bandwidth



20 antenna may be coupled to a transm ssion |ine by any

Tt T
‘previ ously discussed. As a further alternative, the conne f%%i§8 ﬁﬁ%?%ﬁ?ET
shown in Fig. 6 nmay be replaced by a resistance, typicall Bg%ﬁh@ MAY 1997
resistance of [err] to give a 25 relatively wide band a M 1 e W RS
found that the resistance of the loop is increased,

. t he resonance becone
| ess sharp. It is also necessary to re-adjjust

to be attained, and if these are inserted in a loop of
irregular shape, a compact antenna device having a
given directional pattetn can be achieved. Typically,
in an antenna device for use with signals of the
frequencies employed in mobile telephones, the

capacitor, -or capacitors will each have capacitance in

the range of about 0.03-14 pF.

According to yet another aspect of the present
invention, the antenna device of the present invention
10 may be used to drive other antenna array systems which

are otherwise difficult to couple to a standaxd

transmission line.

The antenna device of the present invention may-
be used in phased arrays, or ih passive arrays.

.15 The. present invention also.provides a mobile.
_telephoﬁe iricorporating such an antenna device. The
antenna device can be mounted  so that the ground-plane
is-between.fhe user and. the lqdp. In this way, the
user may be shielded from the radiation by the ground
20 plane, with the overall size remaining very small. LIt
has been suggested that radiation from mobile ﬁelephone
antennae can have disadvantageous effects on a ﬁse#,

but it has not hitherto been possible to provide a

small efficient -antenna device for a mobile telephone

25 which enables the user to be shiel@ed.

Embodiments of the present invention will now be
described, by way of example, with reference to the

following drawings in which:

Figs. la-1lc illustrate exawples of prior art
30 antennae;



t he i npedance of the |oop, e.g. by varying the circunferential spacing of
*the connection points 10,11. 30 As shown schematical Ly Lo Eig—>Za—a
di stortion [err] 23 | REPLACEMENT SHEET
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Fig. 2 is a schematic diagram of a first

embodiment of the present invention;

Fig. 3 is a plan view of a preferred embodiment

of the present invention;

Fig. 4 is a side view of the embodiment of Fig.
3;

Fig. 5 shows schematically alternative ways of
coupling an antenna device of the present invention to .
transmission lines;

10 Fig. 6 shows schematically an alternative

embodiment ;

Fig. 7 shows schematically developments of the
invention in which distortion rings are present to
alter the field pattern;

15 Fig. 8 shows approximate plots of field patterns

obtained in the present invention;

Figs. 9a and 9b are polar plots showing radiation

patterns obtained with the embodiment of Figs. 3 and 4;

and

20 Figs. 10a and 10b are comparative polar plots

showing polar plots obtained with the conventional

antenna of Fig. 1c.

As shown in Fig. 2 an embodiment of the present
invention compriseé a loop 1, typically dircular,

25 spaced above a ground plane 2 by a dielectric 3. The

loop 1 is conductive, and is typically made of copper.
The ground plane 2 is also conductive, and is also

typically made of copper. The ground plane 2 is

preferably formed as a continuous conductive sheet,
30



ring 30 may be included inside the antenna | oop 1, to_altér the field
"pattern of the antenna. There nmay be one or several rings 30, and these may

be located inside, or outside the antenna loop 1. 5 T the

devel opment shown schematically in Fig. 7b, the distortio 3%3H§Q§M5N£§Hﬁ£T

formed as a | oop having parallel inwardly extending portipns 31, 32,}0i
by a bridge 33. Thus, in a simlar way tegsthe {dbum.%”S"MAﬁjggﬁn_

but, for example, a mesh, or other arrangement may be

used. Differing arrangements of ground planes are well
known in the art. '

The antenna device is typically coupled to a

5 coaxial transmission line 5. The central conductor 6

of the coaxial cable S is connected to the loop at a

connection point 10, and the outer conductive sheath 7
is connected to the loop at a second connection point
11 spaced apart from-the_first connection point 10 by

10 an angle a. .The angle o is typically 45°. The second

connection point 11 is also connected to the ground

plane 2. The coaxial cable has an outer insulating

sheath 8, and an inner dielectric sheath 9 between the

central conductor -6 and outer conductive sheath 7.

15 The dielectric wmaterial may be, for example,

PTFE, glass fibre board, SRBP, ABS plastics, ceramics,

or other suitable materials. It is also possible for

the space between the conductive loop and the ground
plane to contain air. However, the dimensions may be
20 reduced, and the maximum power ﬁransmitted increased if

a suitable dielectric is chosen.

At higher frequencies, e.g. above 1 GHz,
dielectric losses can become significant, and the
naterial of thé_dielectric needs to be selected

25 appropriately. It has been found that PTFE and
ceramics wmaterials are particularly suitable for use
at higher frequencies, e.g. around 2 GHz.

The thickness of the ground plane should be
sufficient to ensure low resistivity, to minimise

30 resistive losses. It is desirable to keep the conductor




enbodi mrent shown in Fig. 4, the overall length.of the 10

di stortion rings
may be altered. Inportantly, a resistance may be used a§™

conpleting the loop 30. Fig. 8a is a sketch giving an in i BERGASTE EﬁgEET
pol ar di agram obtained froma single loop antenna 15  dgvice xfo W 1997

present invention. Axis 55 represents distance in a radwqﬁﬂﬁf gction; and
axis 56 represents 14 )

thickness small to reduce weight, and because at high
frequencies the current flows mainly near the surface
of the conductor. Preferably, the thickness is less

than lcm, and more typically it is less than -lmm, e.g.

5 formed as a conductive copper (or silver or gold) layer
on a printed circuit board.

Referring to Figs. 3 and 4, a preferred
embodiment for use in mobile telephone communications
at. a frequency of approximately 800 MHz is described.

10

In this embodiment, printed circuit boards are used to
form the loop and ground plane: the loop 1 is formed on
a printed c¢ircuit board substrate 3a which is spaced
above the ground plane 2 comprising a conductive copper
sheet on a circuit board substrate to leaving an air

15 gap 3b. The air gap 3b is maintained by spacers
13a,13b sandwiched between the substrate 3a and the

ground plane 2.

The assembly is held together by a suitable known

fixing means, such as adhesive (e.g. cyano-acrylate) or

20 external clips. It is important that the fixing means

does not affect the characteristics of the antenna, or

that any effect is compensated for. For example,
adhesive may affect the dielectric properties, or may

contain moisture which is conductive. Likewise, use of

25 conductive clips may alter the antenna characteristics
significantly.

As can most clearly be seen from Fig. 3; an
arcuate conductive stub 15,19 is formed from a piece of
track substantially parallel to a portion of the loop

30

1, and joined to the loop 1 at a. connection point 11 by




vertical distance, with the ground plane horizontal, he centre of the
~loop lying at the intersection of the axes. As.can b @%@ﬂﬁ }Q@Ncgﬁ
which is an 20 approxi mate hal f power envel ope, has sim agg
that obtained froma half-wave vertical dipole. In Fi ?“8h 0

I's shown on the sanme axes as the curve 51 qptalned for an

a joining portion 16. A joint 17, which mdy comprise

the same material as the conductive sheath 7 of the

coaxial cable 5, is soldered to the conductive stub

15,19 and to the ground plane 2. The central conductor

5 6 of the coaxial cable 5 is soldered to the loop 1 at a
connection point 10. The outer conductive sheath 7 of
the cable 5 is soldered to a portion 15 of the
conductive stub 15,19. The other portion 19 of the
stub 15,19 is shaped so as to match the cable to the

10

loop at the desired resonant frequency.

The side of the antenna to which the transwmission
line is coupled may be varied, for example if an array
of antennae, as described below, is ewployed.

Referring to the orientation of the anternna shown. in.
15 Fig; 3, a second gntenna may be mounted to the right of

the antenna shown with its coaxial cable connected,

mirror-fashion, to the left of the loop.

Matching is carried out experimentally. The loop

-1 .is slightly smaller than would be required if the .-

20 transmission line were connected directly to the
connection points, which gives the loop a slight
(capacitative) reactance at the resonant frequency.
The length of the arm 19 is then adjusted
eiperimentally to obtain the optimum (inductive)

25

reactance, so that the currents flowing in thé loop are
substantially symmeﬁriéal, and maximum radiated fieid
is obtained for a given input -signal.

For use at approximately 850 MHz, a loop radius
of about 19 mm was used, with a copper track width of

30 1.5 mm. The stub portion 15,19 had an overall length 1
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ant enna devi ce having an inner distortion ring, 1T F1gf Ta. 1
In a devel opnent of the present invention, a |oop, simlaf BEPHMHIMENT SHEET
illustrated in Fig. 6 nay be enpl oyed, in which the conne(

t
is 30 substituted by a capacitor. There nay be one or RHore&
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of about 32 mm, formed from an arcuate portion of track
having a width of 4 mm and a radius of curvature S of
approximately 23 mm. The width j of the joining
portion 16 was 5 mm. The overall width w of the
substrate 3a was 45 mm, and the overall heighf h was 51
mm approximate with the spacings a and b of the edge of
the loop from the edge of the substrate being
abproximately 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 coaxial

cable 5 exposed outside the outer sheath 7 was

approximately 15 mm long. This length was selected to

give best matching of the cable 5 to the antenna. With
this_arrangement it was found that it was not necessary
to couple the ceﬁtral conductor 6 to the connection.
point 10 via a capacitor as in a conventional ¥ match
arrangement.

' The substrate 3a was glass fibre circuit board,
having a relative permittivity of 5.4, approximately
1.2 mm thick. The spacers 13a,13b were formed'from
strips of glass fibre board. To adjust the resonant
frequency, for example to resonate in a differeﬁt band,
the thickness of the spacers 13a,13b was altered by a
small amount. For use at 835 MHz, each spacer has a
thickness of approximately 1.08 mm, and for 910 MHz,

each spacer was 1.30 mm thick.

Thus in this émbodiment, a small increase in the

" spacing of the ground plane and loop caused an increase

in resonant frequency.

All of the above parameters were determined
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in a w de band antenna, whose characteristics nay be alte
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connection portions.

s results
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experimentally by trial and error. It was found that
parameters such as impedance and resonant frequency
were relatively insensitive to small variations (+ 5 mm

or so) in the location of the connection point 10 or of

5 the length of the portion 15 of the conductive stub
15,19. This permits Qariation due to manufacturing
tolerances to be accommodated. It was found that the
dimensions of the portion 19 of the conductive stub
15,19 are relatively critical in determining resonant

10

frequency and eliminating spurious resonances.

As the angle o is reduced, the efficiency tends

to drop, and as o is increased, the usable bandwidth is

found to decrease. Experimentally 90° is found to be

optimum with the above dimensions, and a 50 Q coaxial
15 cable.

It was possible to shorten the-effective
‘electrical size of the antenna by short-circuiting a
point on the conductive stub 19 to 'a -point on the loop

1. Preferably said point on the loop 1 is

20 substantially adjacent said point on the conductive

~stub 19 to which it is short-circuited. For example,
in the embodiment depicted in Fig. 3, .said points are
located respectively on the loop 1 and on the

. conductive stub 19, each being a few-mm to:tﬁe left. of

25 the joining portion 16.
Figs. 9 and 10, described below, show typical
results obtained with the above embodiment and with a

conventional antenna, in which the conventional antenna
was driven at o higher power.

30 For use at lower frequencies, a larger loop is



5 In use, it has been found that the results obtai.ned with an
> ant enna devi ce of the present invention are generally b

. . ; Reb A2
obtained with a helical wound aerial, as illustrated in Lfg?Légiﬁg@?%ﬂ%Er
conventionally used in nobile telephones. It was found 1’091_3_?9@_;[; M

where it was not possible to obtain satisfactory operat ii‘eﬂ:-.ef:a:@dgl
t el ephone using a conventional aerial, req&ption was nmade possible by

used, and for use at higher frequencies, a smaller loop
is used. 1In ggneral, the loop circumference is
typically a little over one-half of the effective

wavelength employed, up to about three-quarters of the

5 wavelength employed. However, the precise size will

depend on the dielectric used and the matching
arrangément,land may be determined by trial and error.
As can be seen from the above embodiment, the
circumference of the loop may be approximately one

10 third of the free space wavelength.

It is generally found that the impedance
increases as the angle a between the connection pbints
10,11 increases. As the ‘angle o becomes small, the
efficiency tends to drop, the antenna behaving like a

15 short circuit.

Increasing the spacing between the conductive
loop 1 and the ground plane 2 is found to decrease the
impedance of the antenna, and generally tends to

_ decrease the resqnant'frequency. However, with
20 certain arrangewents, an opposite effect is obtained.
Incfeasing the loop -1 circumference is found to
decrease the resonant frequency, but does not
substantially affect the impedance if the- same relative

proportions are maintained.

25 Inserting a dielectric 3,3a,3b having a higher

.relative'permittivity between the loop and the grbund
plane tends to decrease thé iﬁpedance, and also.to
decrease the resonant frequency. '

The bandwidth is dependent on the above

30 parameters, which are selected in combination to obtain



substituting the conventional aerial with an antenna device of the present

“invention. 15 Furthernore, the antenna radi ate referentially in a
direction away fromthe ground plane. This allows the

to a nobile tel ephone so that in use, the preferred di
is away fromthe body, as denonstrated by the results !l
Fig. 9a shows the radiation pattern obtalngg from

L.' : 7.'_:'.': L
a desired value.
Thus, the spacing of the connection points 10,11

the spacing of the loop 1 and the groﬁnd plane 7, the

dielectric material 3,3a,3b, and the overall

5 circumference of the loop 1 may be altered to achieve a
desired impedance and resonant frequency. The
parameters are adjusted empirically while measuring
voltage standing wave ratio while tgansmitting a signal
of the desired frequency, and monitoring transmitted

10

field strength until desired characteristics are
obtained, following the above -general rules.
It has been found that attaching an extra

conductive portion .to the loop, so that the loop. is not

symmetrical alters the properties of the antenna. For

15 example, it can cause the loop to.reject certain

frequencies, and behave as a crude notch filter.

Although the antenna is preferably planar,'it may
be formed as é'flexible structure, for example

comprising one or more flexible circuit boards. It is -

20 found that mounting the antenna with a slight degree of

curvature, such as' that typical of a vehicle

windscreen, does not substantially affect its

characteristics.' Thus an antenna for a vehicle'

windscreen may be formed as a flexible, preferably

25 self-adhesive, "stickexr".

When mounted in a vehicle, it is found that an

-array of antennae, t?pically 2 or 4, way give better

results than a single antenna. The antennae may share

a common ground plane 2, and the.ar;ay is typiéally

30 substantially planar, although it may be flexible as



-t he above descri bed enbodi nent of Figs. 3 and 4 when vertically nount ed and
fed wwth a signal of -15.8 dBm at 840 MHz. The centre of—the—graph

corresponds to a field strength of -30 dB[err]V/m neasarggp 40 ﬁe

25 antenna, and each consecutive outer ring corresponds to greater

signal strength than the previous ring. Fig. 9b shows thebDeerr.espondi.ng.... .
pattern obtained with the sane antenna nnuabed on a thdFOTa:tfH+ﬂ~*ﬁﬁﬂ1r—”

described above. The antennae may be co-linear, the

array forming a strip. Many arrangements of signal

combiners/dividers are known'in the art for coupling a
plurality of antennae to a single transmission line.

A preferred arrangement of power dividing means which
results in a compact antenna is to provide a strip llne
mounted above a ground plane, the strip line being

electrically one half of the wavelength employed. Two

antennae, or further combiners in the case of more than

10 two antennae, are coupled one to each end of the .strip

line, and the transmission line is connected to the

centre. If this arrangement is employed, the strip

line may utilise the same ground plane 2 as the
antennae.

15 In particular; the ground plane 2 may .be formed

as one side of a double-sided circuit board, the strip

line being formed on the other side. Coaxial cable may

be attached to the ends of the strip line, and

connected to the antennae as described previouély.

20 Alternatively through;hole-plating may be employed, the

antenna array being formed as a multi-layer sandwich
comprising (sequentially) loop, ground plane, strip

line, with a through connection from the ldbp.to-the

strip line. This may result in a very compact

25 arrangement . However it is found that this
‘arrangement requires a fair degree of trial and error
to obtain the best results as the antenna
characteristics can be affected by mutual coupling, and
coupling to the power dividing means. As an

30 alternative which is sllghtly less compact, but which
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Figs. 10a and | ob show the correspondi results

21
may be simpler to align, the strip line may be formed
as a separate double-sided board mounted below the
antennae ground plane, Ehe strip line facing away from
the antennae.

When an array of antennae is employed, the
orientations and/dr phases of the individual antennae
may be chosen to prdvide a desired polarization
pattern, e.g. a quasi circular polarisation. The
désired pattern is obtained by trial and error, in
accordance with known techniques for driving phased
arrays of antennae. _

As shown schematically in Fig. 5a, an antenna

device of. -the present invention can be coupled to a

balanced transmission line 26,27.. The two wires 26,27

of the transmission line are connected via respective

capacitors 28,29 to connection points 10,11 spaced

around the loop. Each capacitor is chosen to match the

impedance of the transmission line to-that of the
antenna using standard techniques. As discussed above,
the impedance of the aﬁtenna itself can be altered to
simplify matching to a transmission line of.a given
impedance. The capacitors would be of the ordexr of
aboﬁt 10 éF for frequencies of the order of about 1
GHz. The loop can be connected to the ground plane 2
at a voltage minimum point by a connector 20.

As sﬁown in Fig. 5b a y feed may be employed, in
which the central. conductor 6 of a coaxial céble_s is
coupled to a coﬁnection point 16.on the loop 1 via a
capacitbr 24. The sheath 7 is connected to the ground

plane 2, as is a further comnection point 11 on the



with a stronger signal of -7.6 dBm As wll| be appreciated, the antenna of
- the present invention can be put to a variety of uses '

characteristics being chosen for each particul ar appllcr
wi th the general teachings of the above description.

22
loop 1.
_Alternatively, as shown schematically in Fig. 5c,
an w feed nay be employed, in which the central

conductor 6 of a coaxial cable 5 is coupled to the

5 connection point 10 on the loop 1 via a capacitor 24
and also to the grounded connection point 11 on the
rlng via a further capacitor 25.

. other known means of feeding antennae may be
employed. In a development of the invention, as shown
10

schematically in Fig. 6, a conductive loop 1 is formed
having two parallel inwardly extending portions 21,22.
These are bridged by a connection portion 23 at a pre-

determined point along their length. The advantage of

this arrangement is that the location of the connection

15 point 23 can be varied relatively easily. For example,

the loop 1 and inwardly extending portions 21,22 may be
formed as copper tracks on a printed circuit board, and
the connection portion 23 may be formed as a bridge
after manufacturing the printed circuit board. 'fhe

20 antenna may be coupled to a transmission line by any of

the methods previously discussed.:
As a further alternative, the connection'portion
23 shown in Fig. 6 may be replaced.by a resistance,
typically having a.resistance of 300 Q-600 Q to give a
25 relatively wide band aerial. It is found that the

resistance of the loop is increased, the resonance

becomes less sharp. It is also necessary to re-adjust

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

circumferential spaéing of the connection points 10,11.

30 As shown schematically in Fig. 7a a distortion
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that the loop has first and second connection points spycREPLAGEMENESHEET
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An ant enna conpr|5|ng an electrically
cl osed | oop spaced above a ground pl ane,
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ring 30 may be included inside the antenna loop 1

to

alter the field pattern of the antenna. There may be.

one or several rings. 30, and these may be located

inside, or outside the antenna loop 1.

In the development shown schematically in Fig.
7b, the distortion ring 30 may be formed as a loop

having parallel inwardly extending portions 31,32

joined by a bridge 33. Thué,-in a similar way to the .

embodiment shown in Fig. 4, the overall length of the

distortion rings may be altered. Importantly, a

resistance may be used as the bridge 33 completing the

loop 30.

Fig. 8a is a sketch giving an indication of the
polar diagram obtained from a single loop antenna

device of the present invention. Axis 55 represents

distance in a radial direction, and axis 56 represents.

vertical distance, with the ground plane horizontal,

and the centre of the loop iying at the intersection of

the axes. .As. can be seen, the curve 50, which is an -

approximate half power enﬁelope, has a similar shapg to
that obtained from a half-wave wvertical dipole.

In Fig. 8b, the curve 50 obtained from a simple
single-loop anteﬁna device of the present invention is

shown on the same axes -as the curve 51 obtained for an

antenna device having an inner distortion ring, as

shown in Fig. 7a.

In a development of the present invention, a

loop, 91m11ar to that illustrated in Fig. 6 may be

in which the connectlon portion 23 is

substituted by a capacitor. There may be one or more



10 2. An antenna according to claim1l wherein the

" planar, the plane of the |oop being parallel to the gr
antenna according to claim2 wherein at |east the 15

printed circuit board. 4. An antenna according to cl

oog.l
' _Eha_ wher e
printed circuit board is rigid. 20 5. An ant enna acdﬁFﬂTfﬁfﬁ%égé%$E%

clains 1-3
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capacitors located around the loop. This results in a

wide band antenna, whose characteristics may be altered
by adjusting the value of the capacitor(s) and/or the
length of the intervening connection portions.
In use, it has been found that the results

obtained with an antenna device of the present
generally better than those obtained with
a helical wound aerial, és illustrated in Fig. 1c, as
conventionally used in mobile telephones. It was found
that in places where it was not possible to obtain
satisfactory operation of a mobile telephone using a
conventional aerial, reception was made possibie by
substituting the conventional aerial with an antenna

device of the present invention.

Furthermore, the antenna radiates preferentially
in a direction away from the ground plane. This allows
the antenna to be fitted to a mobile telephone so that

in use, the preferred direction of radiation is away

. from the body, as‘demonStrated by the results obtained:

Fig. 9a shows the radiation pattern obtained from
the above desgribed embodiment of Figs. 3 and 4 when
verticaliy mounted and fed with a signal of -15.8 dBm
at 840 MHz. The centre of the graph corresponds to a
field strength of -30 dBuV/m, measured at 3m from the
antenmna, and each consecutive outer ring corresponds to
S dB greater signal strength than the previous ring.

Fig. 9b shows the corresponding pattern obtained

with the same antenna mounted on a Motorola ™ *Flip

phone".

Figs. 10a and 10b show the corresponding results

PHAGRMENS SHEEL,
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wherein a first dielectric |ayer having a higher relativ

EnPsHER
-air is provided between the |oop and the ground plane. 2 Q@&thk 'anfg%na
according to claim5 wherein a second dielectric |ayer or

hle S
having a lower relative permttivity than said first diel ﬁ%ﬁ@ﬁ/ﬁf%&? """

provi ded between the | oop and the ground pl ane.

25
obtained with a conventional helical antenna when fed
with a stronger signal of -7.6 dBm.
As Qill be appreciated, the antenna of the
present invention can be put to a variet? of uses, the-
characteristics being chosen for each particular

applicatibn in accordance with the general teachings of

the above description.
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An antenna according to claim6 wherein the first dielectric
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CLAIMS

1. An antenna comprising an electrically conductive

closed loop spaced above a ground plane, characterised in
that the loop has first and second connection points

spaced apart 30°-150° around the loop for coupling the

loop to a transmission line.

2. An antenna according to claim 1 wherein the loop is

substantially planar, the plane of the loop being
parallel to the ground plane.

3. An antenna according to claim 2 wherein at least the
loop is formed on a printed circuit board.
4. An

antenna according to claim 3 wherein said printed
circuit board is rigid.

5. An antenna according to any one of claims 1-3

wherein a first dielectric'layer having a higher relative

permittivity than air is provided between the loop and
the ground plane.

6. An antenna according to claim 5 wherein a second

dielectric layer or an air space having a lower relative

permittivity than said first dielectric layer is provided

between the loop and the ground plane.



8. An ant enna-according to _any one of ‘the precedi ng cl ains

“said first and cond connection points is connected to_L”“chpMENﬁﬁﬁﬁﬁJ
10 9. An a“iﬁ MMMto any one of the precediing cla
conprising a f

portion connected to the ?HE%}% 1937
ant enna accordi ng to cI aim9 wherein salq further 15 -
I's connected to one of said first and

7. An antenna according to claim 6 wherein the first
dielectric layer is adjacent the loop and the second

dielectric layer or air space is adjacent the ground
plane. '

8. An antenna according to any one of the preceding

claims wherein one of said first and second connection

points is connected to the ground plane.

10 9. An antenna according to any one of the breceding

claims comprising a further conductive portion connected
to the loop.

10. An antenna according to claim 9 wherein said further

15 conductive portion is connected to one of said first and

second connection points.

11.. An antenna according to claim 10 arranged for
connection to a coaxial transmission line having a _

.20 central conductor and an outer conductor, wherein the
first connection pdint is arranged for connection to said
central conductor, and said further conductive portion

comprises a strip adjacent to the outside of a portion of

the loop, said strip comprising a first arm portion
25 arranged for connection to said outer conductor of the

transmission line, a second arm portion arranged to
provide a reactance to match said transmission line to
the loop,

and a joining portion, connected to the second

connection point of the loop and to the ground plane,



second connech—r)ﬁ—pm—ﬁ{—s——l—l— An antenna according to 10 arranged for

" connection t m ssion |line having a 20 A e i
and an outer ﬂﬁm mg in the first connection [ IS - S R RE T T
connection to salc nductor and said furthern pgadu@ in '
conprises a strip adjacent to-the out5|de of a portion

OF—1 he " TR -.
strip conprising a first armportion 28

joining said first and second arm portions.

12. An antenna according to any one of the preceding

claims wherein the loop is substantially circular.

5
13. An antenna according to claim 12 wherein said
connection points are spaced between 60° and 120° apart
14. An antenna according to any one of the preceding
10

claims adapted for use at frequending above 600 MHZ,

wherein the diameter of the loop is 8cm or less.

15. An antenna accbrding to any one of the preceding

claims adapted and arranged for use in mobile telephone

15 communications.

16. An antenna according to -any one of claims 1 to 3 or
5 to 15, wherein the antenna is flexible.
20  17.

An antenna according to any one of the preceding

claims adapted and arranged for mounting on a vehicle
windscreen.

18. BAn antenna according to any one of the preceding

25 claims wherein the spacing between the loop and the

ground plane is lcm or less.

12. An antenna array comprising a plurality of antennae

according to any one of the preceding claims.



25 ar ranged fer—comnmeciion to said outer conductor
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20. An antenna array according to claim 19 comprising

combining means for coupling at least two of said

plurality of antennae to a single transmission line

21. An antenna array according to claim 20 wherein said

combining means comprises a conductive strip spaced below
said ground plane.

22. A mobile telephone comprising an antenna according

to any one of claims 1 to 18.

23. A mobile telephone according to claim 22 arranged so

that in use the ground plane of the antenna is positioned
between the loop and the user of the mobile telephone

24, Use of an antenna according to any one of claims 1

to 18 in mobile telephone communications.

25. An antenna comprising an electrically conductive

closed loop spaced above a ground plane, the loop having

- first and second connection pbints spaded around the loop

for coupling the loop to a coaxial transmission line
having a central conductor and an outer conductor,
wherein the first connection point is arranged for

connection to said central conductor, and a further

conductive portion comprising a strip is provided

adjacent the outside of a portion of the loop, the strip

comprising a first arm portion arranged for connection to

the outer conductor of the transmission line, a second



C .L M S * - [err] 28 joining said first and
- second arm portigns. 12. An antenna according to any the_pr

cl ai ms wherein tf'ﬂlu !mmn,ﬂ tially circular. 5.13REPLACEMERH QEE'I'
according to clai M' e

connection points
[err] and [err] apart.. '

- 30

arm portion arranged to provide a reactance to match said
transmission line to the loop, and a joining portion
connected to the second connection point of the loop and

to the ground plane, and joining said first and second

5 arm portions.

26. A mobile telephone having an antenna comprising an

electrically conductive closed loop spaced above a gréund
plane, the loop having first and second connection points
10 .'spaced around the loop for coupling the loop to a

transmission line, arranged so that in use the ground

plane of the antenna is positioned between the loop and a

user of the mobile éelephone.



14. An antenna according to any one of the preceding 10
- for use at frequencing above 600 MHZ, wherein the dianet

8cmor less. 15. An antenna according to any one of the
adapted and arranged for use in nobile tel ephone 15 C

An antenna according to any one of claims 1 to 3 or 5t
antenna is flexible. 31

__clains adapted

PReBLAt oy oy
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ANTENNA DEVICE AND MOBILE TELEPHONE

STRACT

An antenna comprises a closed loop (1) spaéed

above a ground plane (2). Two connection points

5 (10,11) spaced around the loop (1) are provided for
coupling to a transmiésion line (S). The loop (1) may
have one or more extra conductive portions
(11,15,16,19) joixied to it to alter its
characteristics. The antenna is particularly suitable

10

for use in mobile telephones at frequencies of the

order of 800 MHz - 900 MHz, in which application the

antenna may be mounted to provide directional

transmission of power away from the user. The loop

may be formed on a printed circuit board.

15 Fig. 3



20 17. An antenna according to any one of the preceding clains adapted
and arranged for nmounting on a vehicle w ndscreen. 18. An antenna accordi ng
to any one of the preceding 25 cl ai ms wherein the spaci ng between the
| oop and the ground plane is 1 cmor less. 19. An antenna
-a plurality of antennae according to any one of the preced RUAD

p y , g y p (RERUAD e ep T SHER:

19 Date 2.1) MAY

Fig.la.




[err] 29 20. An antenna array according to claim19 conprising comnbining

means for coupling at least two of said plurality of antennae to a single
transm ssion |ine.
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5 21. An antenna array according to claim20 wherein said conbining
means conprises a conductive strip spaced bel ow said ground plane. 22. A
nobi | e tel ephone conprising an antenna accordi ng 10 to_any one of clains
1 to 18. 23. A nobile tel ephone according to claim 22 a

use the ground plane of the antenna is positioned betwegn™t ‘eA(I;é‘éﬁNEﬁUEEhe
user of the nobile tel ephone. ., Da .2 0 MAY 1997
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Fig.5a.
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15 24. Use of an antenna according to any one of clainms 1 to 18 in nobile
‘t el ephone communi cations. 25. An antenna conprising an electrically
conductive 20 cl osed | oop spaced above a ground plane, the | oop having
first and second connection points spaced around the |oop for coupling the

| oop to a coaxi al
conduct or,

transm ssion |ine having a central CO@FEEE?K&-; AU
20 MAY'BQ?

1
i' Date fiuiiisemecireceeereeenns
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wherein the first connection point is arranged for 25 connection to said
central conductor, and a further conductive portion conprising a strip is
provi ded adj acent the outside of a portion of the |oop, the strip
conprising a first armportion arranged for connection to the outer
conductor of the transm ssi.on |ine, a second

5/9
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ortion arranged to provide a reactance

6/9

to match said -
connected to the

p

| line to the | oop, and a joining portion

nnection point of the |loop and to the ground pl ane, and j oi ning
d second 5 armportions
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26. A nobile tel ephone having an antenna conprising an electrically
conductive cl osed | oop spaced above a ground plane, the |oop having first

- and second connection points 10 spaced around the [ oop for coupling the

loop to a transnmission line, arranged so that in use the.ground plane of
the antenna is positioned between the [oop and a Userifkﬁ@ﬂﬁsﬁwgﬁﬁ%HEET

t el ephone. ! .
f; Date ZQMMW/

119
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