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The present inwention relates to an antenna - ';'d v ['
Tl

. nuitable for use at higher frequencies, such as thout

"__'employed in mobile telephones, but mey be ueed for

10

20

25

lower frequencies ag well. The present invention alio

relates to a mobile telephone inoorporating an. impr ved

_antenna.

In the prior art, a large variety of entenne

sy-tems have been employed, depending on the freque;cy

=employed, and the physical constraints on the antenﬁa

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

uged..

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

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

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

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

| ground and the signal fed at a tap close to the otaer
‘end, which is shorted to ground. The circumference of

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

of the signal to be transmitted or received.

' This suffere 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 em

-frequencies above 100 MHz requiring speoialized
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manufacturing techniques..

Another type of antenna, ueed for higher
frequencies, such as in portable television receivets,
ie a simple open-loop aerial, where the ‘loop. _f'lﬂ .
.circumference is approximately equal to the wavelen{rf.j-

of the signal. In. this oa-e, there ie ‘no_ground plnne-

- and the loop is normally mounted w1th ite plane
| vertical fThig ie illuatrated in Fig.,lb.

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 generally '

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 nowsl
'antenna,,which oan_be madeucompact,.cannbe couplec:tO'a '
_Variety”of-tranemiseionllines,iand.ie_generallv mb;n
-efficientlthan 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 ff
Preferably the circumference of the loop ie it

'between one half and three quarterl of the deairen"

CReselved Tine - 26 Kor16:07 . Print Time 28 Apr 15:38
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j aignal wavelength Typically. the circumference is aet

'However, this. may be reduced to about ‘a thixd or laes
,of the free spaca wawelength if a dielectric is df

' 'positioned between the 1ocp and ground plane. In

. addition, the size. depends on the arrangement used

s natching the antenna to-a transmission 1line.

| ‘10

.20

o .._30:_

The shape of the loop ie preferably subetanti.lly ; |
circular. but other shapes luch as squares, hexagor~
'triangles etc may be employed. Furthermore. the nnape

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

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

When the- transmiesion line is connected direcily

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

"circumstances, however. the spacing can be 120° or |

-larger, depending on the arrangement for matching éhe

:'transmission line to the loop.

An advantage o£ the present invention is tha‘ the -

' impedance and resonant frequency of the antenna caa be -

:adjusted by varying the spacing o! the loop from tue_.:

,_ground plane, and/or by altering the dielectric
3 material and/or by changing the circumference of te

' 1oop' This ‘may eimplify coupling to a transmission

line. | ~The impedance and/or resonant frequency and/or

: the bandwidth and/or the efficiency can be adjusttd by -

varying the poeition of the connection pointe

Becelved Time  28.Aor 1817, Print Time 28 Mp:iB:38
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The epace between the loop and the ground plane s

*ﬁicould be ‘filled: with air, but preferably includee a
”,dielectric having a higher relative permittivity, a%F
?g.higher hreakdown voltage than air If a dielectric {3?

used, the overall dimeneione of the antenna may. be

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

an air dielectric The reduction in eize 15 dependent'
on aeveral factors: including the velocity factor .

(relative permittivity) of the dielectric and the

.dimeneions of the antenna

More preferahly, the epace between loop and t@e

ground plane includee two. dielectrice of differing

permittivitiea, and preferably the dielectric with he"z -
higher permittivity is cloeer to: the loop The |

_dielectric adjacent -the 1oop preferably has a relative _
lpermittivity of at leaet 2, and may be glaae-fibre
" board having a. permittivity of. approximately 5. 4. ,'rhe |

dielectric adjaoent the ground plane can be air, W&1Ch

is found to give good radiation efficiency. Otherg

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

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

The overall apacing between the 1oop and the

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

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

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

. 10

-'/

compact aerial can ba formed
. 'The antenna device nay be formed on a doubla

eided:printed-circuit.board, w;th one eide forminm the _.'

' Received_Timg 28.ipr.16;i7l' | ,' Priﬁt ije”, 28, Ap: 16138
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.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. are 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-. L
permittivity than. the eubetrate of the uppermoet toard
may: be ueed as a spacer, the thickneae of the spauer

Y being selected as required. "For example the upplrmost :

_uRgcéfved Tine 28 Apr 16:17 . beht’Time ._ 28, Apr. 16:37
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't_sheet may’ be formed Erom.PTFB or polyamide. Thia ~§

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

10

- boards. may produce a more rigid antenna.

“As mentioned above, the antenna may be formed on

a printed circuit board In addition to eubetantially

rigid aubatratee, auch as glala £ibre or SRBP.

'tlexible substrate. such as. acetate or polyethylene may

be used.i Such hoards are commonly referred to in the
art a8 - "flexi-boarda“, and tho term printed circu.::.tf3
board as ueed in this apecification. ie intended tea

':;: encompasa all such variante, the eseential requiremant

C 1§

20

25

30 |

ie that the board.comprilea a conductive (e. g.
metallieed) track on an inaulating aubstrate. - S
-_.Ig-the_printed circuit board-ia flexible, it ray

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

".degree of curvature, such as a vehicle Windecreen

In a development of the invention, a further'ﬁoop -
may be. opaced below the ‘ground plane. ) The further
1oop preferably incorporatee .a reliatance, of typifnlly' |

'leas than 100 Q. This can increaae the ratio of tle ;
feignal given ‘above the ground plane to the signal leen. ]
:below the ground plane. Thio 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 epaced boarda . -_-~[_¢%,_
Antenna devices acoording to the present

invention may be used ovar a very wide range of

_froquenciee. by selecting the dimenaions appropriately

;for the frequency employed ' However. the antenna

- Received Tinig - 28 Apr. 16:17 - '-'.-Prin't Time. . 28 ip‘l’.-lﬁ‘:é?'
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 device ie preferably employed at !requencies above ioo -

. MHz up to eeveral tene ‘of GHz. ‘Particularly, it maylbei

10

- used at . frequeneiee of around aoo 1200 MHz, as used in
'mebile telephone eyeteme At eueh frequencies. the "

loop may be. formed on a firet printed circuit board of
about 2 mm thickness or’ lees, spaced about 2 mm f£rotr:

eecond eircuit_bqard_forming.the.ground_plane. the
assembly being-about~6 nmhthiek or. laee:andlhaving

eides of about § cm or leee, to produce a very eompaet :-.}

:antenna

- Another advantage the present invention prOVlu@B

:is that a subetantially vertioally polarised signal oanp

ﬁ_ be generated £rom a. horizontally mounted planar antenna':"

.20

.28

deVice "The radiation pattern of the horizontally

mounted device can. be likened to that of a vertically

imounted half-wave dipole

Previously, it has been neoeeeary to have a f
vertically protruding antenna in order. to produoe e
vertically-polarieed eignal. Thie hae many

-dieadvantagee; for exemple. when mounted on a vehivLe,
' Ea protruding aerial is” eonepieuous, caueee aerodynamio

: drag, and ie prone. to vandalism.

he bandwidth of the antenna ean be altered Y

, altering the thiekneee of the loop in a radial

direction :;f

Aeeording to a development of the invention..
additional eonduetive portione may be. attaehed aru;nd

. -the cireumferenee of the loop._' These may be
o positioned eo as to act as tuned notch filters, tx-
30

reduca the antenna effieienoy at eelected trequenciee,_'

Beceived Time 28 A U807 Print Time o 28 Aped16:3]
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er to tune the antenna to a particular tranamisciOn

LS

8

_T~line;!

The antenna device may be ‘coupled to known

transmicsion linee, in a variety of wayc. a preferakle

'-method being to. connect an unbalanced coaxial line

directly to the ‘two connection pointa, with the outerx

ground connector also connected to the ground plane

o Alternatively, a balanced line may aimply be connecLed

10

to the two connection pointc (neither .of the connection .

- points being connected directly to the ground planei.

'7_Ae further alternativee, other known means - -of feediwg

"h_-an antenna may ‘be ueed. in particular capacitorc and/or h

' inductors may be uaed to couple the antenna device..o a

- '..'15.'

transmission line of . a given impedance
A preferred arrangement for coupling the antnnna
device to a. (coaxial) line ie to provide a '

subetantially arcuate conductor etub in the plane G

" the loop, outeide and . eubatantially parallel . to a

'_portion of the loop. said conductor stub having a

.20

'tonnection point along ics length joined to a firet

.connection point of the loop and to the ground plaxe, :

25

the ocuter conductor ‘of the- coaxial line being conn«nted
to an end of sald conductor stub, and the centre '

conductor of gaid coaxial line baing connected to he

A
K
4

cecond connection point of the loop. o i
The length and thickneee of aaid conductor n ub,
its spacing ‘£rom the loop, and the point of joiniuggto

'_the loop are selected to give the deaired iMpedance and.

._-39 |

capacitance to match the loop to the. coaxial line at a

'desired frequency. In addition, the length of exﬂweed

CReceived Tine 8 Apr1B:1T Print Time 26 hpitit:37
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. to provide a decired reactance for matching the
tranemiosion 1ine to. the loop. The poeitionc of the

connection points around the loop are also varied o

obtein the desired impedance and resonant frequency
With thie 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 tolerancee in pocitioning of the

. 15

20

25

connection pointc _
‘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 is: formed on a printed circuit bodrd

the conductor stub may advantageouely be formed on “ne-

- ‘same board

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

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

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

alter its characterictice, -and allowe the poeition 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 the
aelectrically conductive loop. Typically, this can te.
' achieved by providing a non-closed loop, in which eech

end is connected to a Jolning portion. comprieing a.

conductive part. The two conductive parte, optionally

ik

Received Tine B A8AT Priet Time  26Apr 16:37 |
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o eubstantially parallel, may be joined at any of & .

' number of places along their length, so that the total

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

i conductive cloged loop is made low, ‘typically 1ess than

A N Thie reduoee resistance 1osses, and increases the'

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

7; development, the resietance of the loop can be _ _'*:

: .increased, typically by inserting & resistor (of

15

portion._to produce a wide band antenna device, havtng .
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 basic

._ antenna device may be employed ' These may be co-planarlﬁ

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

25

30

planar), or may be located above the basic 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 used to achieve greater
'gain or directivity._ ' _ ;
Preferably, where thc basic 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 ancthsr aepect of the invention one
*or more capacitors can be inserted in the loop

(connected in eeriee) This. allows a wider bandwidth

¥
-a

Reseived Tine 26 Apr.16:17 . print Tiee 28 Ape 6337
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ta be attained, and if these are insorted in a loop of

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

: given directional pattern can be achieved. TypicalLy,-

in an antenna devzce for use with signals of the’

frequencias employed in mobile telephones, the.

. capacitor, or capacitors will each have capacitance in

the range of about 0.03-14 PF. S \i~

N

Aecording to yet another aspect of the present

a invention, ‘the antenna device of the present invention :'

'may ‘be used to drive other antenna array systems wh‘ch'

are otherwise difficult to couple to a standard
'transmission line ' '

The antenna device of the present invention m&y

L -;-he used in phased arrays, or. in passive arrays.
.15

ii: telephone incorporating such an antenna. device. fThe_

The present .invention. also provides a mobile.

! .

' antenna device can be mounted 8o that the ground-pline

| is between the user- and the loop. . In this way, the

user may be shielded from the radiation by the grouzd

plane, with Lthe overall size remaining very small. It

-has been suggested that radiation from mobile telepaone

- . -antennae- can have disadvantageous .affects on a usez,

 but it has not hitherto been possible to provide a

13

30

small efficient antenna device for a. mobile teleph'ne o
IWhlch 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-1c illustrate. examples of prior art

antennae;

Received Time 26 A 16:7 . Print Time 28 Ap: 16:37
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embodiment of the preaent invention,

: Fig. 2 ie a eohematic diagram of a first

Fig. 3 is a plan view of a preferred embodimert
of the present invention, o .
_e 5 o Fig 4 is a side view of the embodiment of Fig. -
o Pig. 5 ehows eohematioally alternative wayo ot
' 'coupling an antenna device of the preoent invention to
- tranemieeion lines; - o o |
| ~t10 o Fig 6 shows sohematioally an alternative
e nmbodiment.: . . | -
Fig. 7 ehowe sohematically developmente of thﬁ
invention in which dietortion ringe are present to
S alter the field pattern; ' :
s Fig. 8 ehows approximate plots of tield pattern;
o ';obtained 4n the. present invention, _ ” _
| Fige. 9a and . 9b are polar plots ehowing radiation
patterne obtained with the embodiment of Figs 3 and 4;
| and o
20 Figs. 10a and lob are comparative polar plots:
| .ehowing polar plote obtained with the conventional
~ antenna of Fig. lc. - | g
As ehown in Fig. 2 an embodiment of the preeexa'
o ': invention oomprieee a loop 1. typicelly oiroular,__ '
'.d'zs'. spaced above a ground plane 2 by a dielectric 3. Twe
| .1oop 1 15 oonduotive, and ie typically made of oopter.
The ground plane 2 i- aleo -conductiva, and is also.
' -typically made of copper. The ground plane 2 is
preferably.gormed ag a2 continuous conductive sbeet,

S 30

CReceived Time 28 Aprf6:17  Print Tine 28 Ap- 16:37
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13
but. for example, a mesh or other arrangement may Y N
| used.. Differing arrangements of ground planes are well -
| known in the art. -
| The antenna device is typically coupled 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

10  an angle a. The angle a ig typically 45°. The seccnd .
| connection point 11 is also oonnected to the ground
.plane”z;l The coaxial cable has an outer insulatinc
.1 sheath 8, and an inner dielectric sheath 9 between nhe'f'f
central conductor 6 and outer conductive sheath 7. “
j15s: . The dielectric material ‘may be, for example,

o PTFE, glass fibre bosrd SRBP. ABS plastics, cerami'sn
,or other suitable materials It is also possible 1=r
the space between the conductive loop and the grcmai

' plane to contain air . However,: the dimensions may he 3
' 20 reduced, and.the maximum ‘power transmitted increasud if
B .a-suitabls'dielectricais chosen . | ﬂd_'
At higher frequencies, e g above 1 Gaz, .-??’”r
'rdielectric losses can become significant, and the .
material of the dielectric needs to be selected
25 'appropriatsly. It has been found that PTFE and
ceramics materials are particularly suitable for vse
.uat_higher frequencies, e.g. around ‘2 GHz. '
The thiokness of the ground plane should be
sufficient to ensure low resistivity. to- minimise

“ "~3e--;reaistive losses. It ie desirable to ksep ths conductor__

Received Time 20 Apr 16:47 . Print Time 28 Ap- 16:37
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thlcknees small to reduce wezght, and because at high f

' frequencies the current flowe mainly near the eurface
of the conductor. Preferably, the thickness is less
: than 1cm, and more typzcally it is less than lmm, e. g.

formed as a. conductive copper (or eilver or - gold) la&er.

‘on- a pr;nted circu1t board

: Referring to Fxge. 3 and 4, a preferred
embodlment for use in mobile telephone communicatione

at - a frequency of . approxrmately 800 MHz ie desorzbe:

In this embodzment, printed e;reuit boarde are uaed to

form the loop and ground plane. the loop 1is formes aﬁ_f'

a prlnted circurt board substrate 3a whaeh is epaced

. 15

above ‘the ground plane 2 comprieing a conductive copper

--eheet on a circuit board eubstrate to 1eav1ng an ai:

gap 3b.. The air gap 3b is maintained by spacers

| 13a,13b eandwiched between the eubltrate 3a and the

'_ ground plane 25

The assembly il held together by a eultahle kxown

.ﬂ f:x;ng means, euch as adhesive (e g cyeno-acrylate or

20

external cllps It is lmportant that the fixing means

doee not affect the cheracterietice of the antenna,ﬁor

" that" any effect is: compeneated for. For example._

- adhesive may affect the dielectr:c propertiee, or’ miy

30

'=eontain mo;eture which is conductive. Likewiee. ue- ofﬂ'

oonduotive clxpe may alter the antenna character;et.ce

s;gniflcantly.- 'f R R |
‘As can most clearly be seen from Fig 3,.an.

arcuate conductlve stub 15 19 Ls formed from a p:ete of

traok eubetantially parallel to a portion of the lgnp

_1, end jorned to the loop 1at a connectlon point 11 by

| Receiyed'Timé' : ZB.Apfqiﬁ:IT }d ;'. Prjni Time 28.Apr.15:36 |
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. a joining portion 16. A joint 17, which may comprjse

'f}:-the same material -as the conductive sheath 7 of the

ooaxial cable 5,_ie soldered to the conductive stub
15,19 and’ to the ground plane 2. The central conductor

. 6 of the coaxial cable -] ie soldered to the loop. 1 af a

'g connection point 10.- The. outer conductive cheath " of

the cahle 5 is soldered to a. portion 15.0f the

L conductive stub. 15, 19. - The other portion 19 of the |

10 ..

_ etub 15, 19 is ehaped so as to match the cable to th@

loop at the deeired resonant frequency
The aide of the antenna to which the transmission,

-line ie coupled may be varied. for example if . an. ar?ay

- of antennae, as deacribed below, is employed

18

a0

25

Referring to the orientation of the antemna shpwn 3
Fig 3, a eecond antenna may: be mounted to the righ

the antenna ehown with its . coaxial cable connected

xmirror-faehion, to. the left of the 1oop

Matching is carried out experimentally. The ‘)op

-1 ie elightly amaller than would be required if th~

tranemiesion line were connected directly to the :
connection.points, which givec the loop a alight s
(capacitative) reactance at the resonant frequency.
The length of the arm 19" ie then adjusted

experimentally £o obtain the optimum (inductive)

_ reactance, g0 that the currente £lowing in the looi

' subetantially eymmetrical, and maximum radiated finld

ie obtained for a given input signal.

' For uee 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 lenqth l
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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

r_*approximately-zaumm _ The' width j of the joining
-'portion 16 wal 5 mm. The overall Width w of the

substrate 3a was 45 mm, -and the overall height h was . =1 '

. mm approximate with the spacings a and b of. the edg( of'-."

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.
~ The portion of csntral conductor 6 of the coaiial_;
cable 5 exposed outside the outer sheath 7 was |

apprcximately 15 mm long. This length was selected Lo

o give best matching of the cable 5 to the antenna @:th

15

20

- 30

~ this arrangement it was found that it was not necesﬁary'.

to couple the central conductor € to the connectior
point 10 Vla a capacitor as in a conventional Y mat,h
arrangement | ' '

The subltrate 3a was glass fibre cirouit boaxi, .

haVing a relative permittiVity of 5. 4, approximateix :

'1 2 mm thick. The spacers 13a, 13b. were formed froﬁ

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 For use at 835 MHZ, each spacer hae

: thickness of approximately 1 08 mm, and for 910 MHT,'

each spacer was 1.30 mm thick

Thus in this embodiment, a small increase in the '

B spacing of the ground plane and loop caused an incvease

-in resonant frequency. . T : . .:ﬁg

All of the above parameters were determined
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. experimentally by trial and exror. It was found that L
parameters such as impedance and resonant frequency -
f_.were relatively insensitive to small variationa (r 5 mm
| or so) in the location of the connection point 10 OT of
fh;sml the length of the portion 15 of the conductive etub
-15,19. ‘This. permits variation due to manufacturing '-_
N tolerancee to be: accommodated It was found that thef. ;
__dimenaions of the portion 19 of the conductive stub
15,19 are relatively critical in determining regonart
r;:;'io _yfrequency and eliminating spurioue reeonences.
' ~ s the angle a is reduced, the efficiency: tends
to drop, and as o is increaeed, the ueable bandwidth is
found to decreaee Experimentally 80° is found to b
- optimum with the above dimenaions, and a 50 9 coeximl
18 cable. _ ' | _
. It was possible to shorten the effective Y B
_ electrical size of the antemna by short-circuiting @ .
point on the conductive atub 19 to'a point on the loop _
: 1. Preferably aaid point on the loop 1is - . '§p._1"
fhzo” 'eubltantially adjacent eaid point on the conductive:
| etub 19 to. which it is short—circuitad © For exampl-2,
in the embodiment depicted in Fig. 3, said points uve :
~ 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 ' |
© - rigs. 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 &t a higher power.

. 30 o . For use at. 1ower frequencies, a larger loop is

o Received Time  28Apr16:17 - Print Tine 28, Ap: 16:36
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_iiused and for use at higher frequenciea. a omaller lnop

im used. “In general, the loop circumference is

3 typically a little over. one-half of the effective 5%i” _
--wavelength employed up to about three quarters of the _
'~wavelength employed. waever, the precise size will

'depend on the dielectric used 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 spaceﬁwavelensth.

e
03
-

It is. generally found that the impedance o

L increases as the angle o between the connection pointe_

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

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

. 15',.'.

~ decrease the resonant frequency.' However, with

20

- 25 .

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 arrangemente, an opposite effect is obtainen
| Increasing the loop 1 circumference is found to -

eecrease the resonant frequency, but doee not -

:.subetantially 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 grouﬂd

'_plane tends to decrease the impedance, and also. to"i

30

~ decrease the resonant freguency

The bandwidth ia dependent on the above

parameters, which- are eelected in oombination to ohtain

O Reseived Tine 28 Apr16:07  Print Tine 28 Apr 16:36
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a desired value

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

the spacing of the 1ocp 1 and the ground plane 7, the
.dielectric material 3,3a, 3b, end the cverall

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

 desired impedance and resonant frequency The

"'parametere are adjusted empirically while measuring

: voltage standing wave ratio while transmitting a signal

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

: _.10..-.

15

-field strength until desired characteristice are

obteined, follow:ng the sbcve -general rules. |
N It hal ‘been found that attaching an extra o
conductive porticn to:the loop; so.-that the locp is not -

fsymmetrical altere the properties of the. antenna . For

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

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

Although the ‘antenna is preferably planer, it mey':' |

- be formed: as a flexible structure, for example

20

25 .

a0

comprising one or more flexible circuit boaxrds. It is

found that mounting the antenna with a slight degrea of'
-"urveture, ‘such ‘as' that typical of a vehicle _ |
windscreen, does not.. suhetantially affect itl :

.characteristice. Thue an. antenna -for a vehicle

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

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

-array of entennae, typically 2 or 4, may give bettsxr -
_ results than a single antenna The antennae may ehere-'

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

ubstantially planar,_althcugh it may be flexible w8

;leceived Time fiJZB,Apr.lﬁfl7 ~ Print Time - 28lAp}.16:36
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_deeoribed above The antennae -may be co-linear, the

| array forming a atrip., Many arrangements of - eignah
| combinera/dividera are known in the art for couplin;
'plurality of antennae to a lingle transmission lina.
-5 A preferred arrangement of power dividing means whizh
"_ reeulte in a compact antenna ie to prov;de a atrip Line
mounted above a ground plane, the strip line being |
electrically one half of the wavelength omployed
antennae. or further combinere in the case of more uhan
".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 utiliae the eame ground plane 2 as the |
. ntennae. , D
.'.'iSi "9 In particular, the ground plane 2 ‘may .be forned
o as one side. of 8 double-sided circuit board, the strip
line being formed on the. other eide. Coaxial cable may
be attached to the ende of. thc atrip line, and ’
| connected to the antennae ae deecribed previouely
';éb' _Altcrnatively through hole plating may be ‘employed.: the
| -*antenna array heing formed as.a multi layer sandwich .
,comprieing (eequentially) loop, ground plane, etriﬂ “.
.line. w1th a through connectipn from the loop.to- the
atrip 1ine This may: result in a very compact
25 _arrangcment . Howevexr it ie found that this ..ﬁll
arrangement requirea a: fair degree of trial and er%ﬂ'.
€o.. obtain thc bcat resulte as the antenna , |
characterietice can. be affected hy mutual couplinq. and
coupling to the power dividing means. As an

20 _halternative which is slightly lesa ‘compact, but Wthh

- Recgived’Timg"f 28 Apr. 16:17 - Print Tine 28, Apr;16:36 -
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. as’a separate double-aided board mounted below the
. antennae ground plane, the etrzp line facing away from _

'the antennae

--When an array of antennae is employed the g'

'orlentatlons and/or phaees of the indiv:dual antennee .

may be chosen to p:ovide a desired polarizatlon '

pattern. e g. a quasi circular polariaat:on | The'

o ,desired pattern is obtained hy trial and errox, in ﬁ

10

15

28

- .30

.aeeordanee wzth known techn;ques for driving phaeed

_.arraya of antennae..

Ae shown schematically 1n F;g. Sa, an antenna

jdevioe of . the present inwention can be coupled to a

: balaneed tranemiseion l;ne 26 27. The two: wires 2( 27

of . the trannmiasion line are connected. via respect‘

B eapacitore 28,29 to connection points 10, 11 epaoed

around the loop. anh oapaoxtor is chosen to match the

fimpedance_of tne.transmiealon_line to-that of the
'»-antenna“ueing'etandard techniques. As discussed atove,
_the zmpedanoe of the antenna 1tse1f can be altered Lo
fsimpley matching toa transmission line of a. given |
-impedanne The eapaoxtore would be of the order ox
" about 10 pF for frequenoies of the order of about %
"GHz. The 1oop can be conneoted to the ground. plano' 

at a voltage minimum poznt by a conneotor 20. -:ﬁ
| As shown in Fig. 5b a ¥ feed may be employed, in

_:which the oentzal conductor 6 of ‘a coaxial cable & is

ooupled to a conneot;on point 10 on the loop 1 vis
eapacitor 24. The sheath 7 is oonnected to the gﬁound

:plane 2, ag is a. furtner conneotion point 11 on tha

Received Tine 28 Abr16:17- . Print Mime 28 Apbip:3g



28 ARCES 0128 MEWBURN ELLIS +44 1742409339 ~  ~ WQOTT P, 25/42

This Sheet Has Been Replac S - R ” THIS SHEET HAS BEEN ||

HIIIIHIIIIHIIIIII o e

22

loop 1. _
- Alternatively, as ehown sohematically in Fig. 5o,
anw feed may be. employed in whioh the: oentral _
conductor 6 of a ooaxial cable 5 is coupled to the
_5': conneetion point lo on.the. loop 1 via a oapaoitor 24,
“'-1and also to the grounded eonneotion point 11 on the
ring via a further oapaoitor 25. | |
: Other known mean- of feeding antennae may be ;
| .iemployed In a development of the invention, as sfawn
'lt,- eohematioally in Fig €, a oonduotive loop 1 is fozmed
o haV1ng two parallel inwardly extending portione 21,22,
"i_*Theee are bridged by a oonneotion portion 23 at a ;re-
determined point along their length. The advantags of _'”
this arrangement 1e that the location of the oonne:tion‘
15 'point 23 can be- varied relatively easily. For example, .;.
" the loop 1 and inwardly extending portions 21, 22 may be_u'-
: formed as copper. traoke on a printed oirouit board. and |
the eonnection portion 23 may be formed as a bridga
: after mannfaoturing the printed cirouit hoard Itm--
- 2b-' antenna may be ooupled to a tranemisaion line by ssy of -
| the methods prev;ously discussed. ' '
As a- further alternative, the oonneotion po: ion'
_23 shown in Pig.: 6 may be replaced by a resietancew- |
typioally having a re-ietanoe of 300 0-600 n to giye a
- . a5 relatively wide band aerial It is found that thL
' resistance of the 1oop is increaaed, the resonance:
becomes leee 8haxp. It is also neeeeeary to re—aﬁjustf
'tthe impedanoe of the 1oop, e.g. by varying the '
:circumferential spaeing of the oonneetion pointe 10,11,

'_h30 ) As shown - schematically in Fig. 7a a diltort!on '
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.¥ing 30 may be included inside the entenna loop 1, =2

- alter the field pattern of the antenna There may he

- 10

15

20

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

_inside, or outside the antenna loop 1

In the development shown schemetically in Fig
7b, the distcrticn ring 30 may be formed as a loop
having parallel inwardly -extending pcrtions 31,32

_3oined by a bridge 33, Thus, in a similar way te tﬂﬂ .
| embodiment shown in Fig. 4, the. overall length of txe‘

-distortion rings may be. altored Importantly, a,_

resistance may -be used as- the bridge a3 completing she
loop 30.

Fig aa is a sketch giving an indicetion of tua

-polar diagram obtained £rom a single ‘loop antenna

device of. the present inwention . Axis 55 repreeents

'distance in a radial direotion, and axis 56 reprenvrts
'verticel 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
'approximate half power enwelope, has & similar sha:e to

that obtained from a hali-wave vertical dipole

Fig. Bb, the curve 50 obtained from a siu\le o

'-'single-lccp antenna device ot the present inwenti%i is

- shown on the same axes a8 the curve 51 obtained f&'r an

~antenna device hav;ng an inner distortion ring, ae

' shown in Fig 7a."

In a development of the present inwenticn, i

5'loop, similar to that illustrated in Fig. s may. bf'
_-employed in which the connection portion 23 is

substituted by”a,capecitor. There may be one or nore .

4
¥
1

i
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capaCitore 1ocated around the lcop Thie'reeulte'in5
| ngde band antenna, whose characterietice may be altared

by adjueting ‘the value of the capacitor(e) and/or the
o 1ength oE the intervening connection portions.
-5 In use, it has been found that the resulte
B obtained : with an. antenna device of the preeent :
‘invention are generally better than those cbtained Wlth
- a helicel ‘wound aerial, as illustrated in Fig. lc, as
| rconwentionally used in mobile telephones It was found
‘10 p'that in places where it was not - poeeible to obtain
. eatiefectory operation of a mobile telephone ueing a
conventional aerial, reoeption was made poeeible by
eubetituting the oonventional aerial with an antenna
device of the present invention. |
31'15l *. | Furthermore, the antenna radiatee preferentially
8 . in . a. direction away from the ground plene Thie aliowe
the antenna to be fitted to a mobile telephone 8o Lnat o
:in uee, the preferred direction of radiation is away
from the body, a8 demonetrated by the results obtalned
B .szoﬂ' .~ Fig. %a ehows the radiation pattern obtained *rom -
| the above deecribed 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 correeponde to: a
field strength of -30 dBuV/m,_meaeured at 3m from rhe
'725" antenna, and each conlecutive outer ring correeponts to
N '5 dB greater eignal etrength than the previoue ring.
- Pig. 9b ehows the corresponding pattern obta:ued
*With ‘the same antenna mounted on a Motorola “‘"Fliﬂ |
'phono“ |

- 30 - Fige. 10a and. 10b ehow the correeponding reeulte

'Re,ce_'i_ve-d' Ti.me_'.' | 28.;-A_p.r. 16:17., = Print Time - 28, Ap-:-r 16:35
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B with a atronger signal of -7. s ‘dBm.

1

: obtained with a conventienal helical antenna when fud

25

© As will be appreciated, the antenna of the _
o present invention can be put to a variety of usea, ‘the'
:1eS g characteristics being chosen for each particular - .
application in aecordance with the general taachingﬂ of

the above description: o
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1. An antennarccmpricing an electrically conductive7

- closed loop spaced above a ground plane, the loop
_,having first and second connection points epaced around

the loop for coupling the loop to a tranemiaeion line.

. 2;_ An antenna according to claim 1 . wherein the luop

is substantially planar, the plane of the loop beino..

| parallel to the ground plane

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

10 .

the loop is formed on a printed circuit board.

4. An antenna according to claim 3 wherein said

e.printed circuit boaxrd is rigid.

15

20

5. - An. antenna according tc any one: of. claims 1=3
wherein a firet dlelectric layer having a higher
relative permittivity than. air ig provided between the |
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
is provzded between the loop and the ground plane

7. An antenna according to claim € wherein the ‘iret.

_dielectric layer is adjacent the loop and the seceid

- dielectric layer or air apace is ad:acent the grouu“'

f:Receivtd'Time - 28;Apr.15;17 ~ o Print Time 28:Apn-16:35
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s; An antenna according to any one of the preceding | B

"nlaime wherein cne of eaid firet and second conneot::n

i- pointe is connected to the ground plane

‘9, An antenna according to any one ‘of the preceding

claims oomprising a. further conductive portion o

ﬂonnected to the 1oop

;10;' An'antenna according to claim 9 wherein laid-

.furthericonductive portion is connected to one of sxid

firet.and_aecond connection_pointa

11. | An'antenna according to claim 10 arranged for

.~onnection to a coaxial transmiss;on line having a

central condnctor and an outer conductor, wherein Lae

first connection point is arranged for connection ks .

rsaid central conductor. and said further conductiv«

portion comprisee a etrip adjacent .to -the outaide c£-a

- _portion of. the 1oop, aaid strip compriaing a firet arm

20

+ portion arranged for connection to said outer condtctor

of - the transmiseion 1line,. & aecond arm portion i arrtuged

_to provide a reactance to match said tranamiaaion vine .

to the loop, _and a joining portion, connected to the

second connection point of the loop and to the 9r°1ﬂd _.‘d

‘plane, Joining aaid first and second arm portiona

12, An anten na according to any one of the preceding |

claims wnerein eaid first and second connection pcinta.
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are spaced between 30° and 150° apart around the 1oor

i3. ~ An antenna according to claim 12 wherein eaid

;'_connection points are epaced between 60° and 130°'

10

.15

20

: apart

i14. An antenna according to any one of the preceding
claime adapted for use at frequencing above . 600 ‘MHZ,
yherein_tne diameter_of.the.loop is 8cm or lesg.

i8. An antenna according to any one of the preceding B
claims adapted and arranged for use in mobile telephone_/

.communications. .

"16;f An antenna according to any one of claime 1 to 3

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

-17,', An antenna according to any one of tha preceding

claims adapted and arranged for mounting on a vehirle

fWLndscreen. :

18 An antenna srray comprising a plurality of

antennae according to any onhe of the preceding clalms. -

15. - An antenna array according to claim 18 compzieing"'

combining means for coupling at least two of eaid

;'plurality of antennae to a single tranemisaion lire.

~.30. An antenna array accordzng to claim 18 wherein
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21. A mobile telephone comprising an- antenna
'__according to any one of claime 1 to 16. -

22. A mobile telephone according tc claim 21 arranged'

:5.-_so that in use the ground plane of the. antcnna i _d

| positioned between the loop and tne 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 pointe -
-d._-spaced around the loop for connection to a transm;eexon_y
_ line, the 1oop having at leact onc diacontinuity at
15 which'a capacitor is connocted in. series with the

-,remainder of the loop

25, An antenna according to claim 24 in'which at
1east one of said firet and second connection poinis is
spaced away from aaid discontinuity around the

20 .circumference of. the loop
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