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Attorney Docket No.: 9342-72PR -
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COMBINED SPEAKER AND ANTENNA COMPONENT ‘

Cross—Reference to Related Apphcahon

- This is a prov1s1ona1 application which claims priority to Europcan Patent -
Apphcatlon No. 03445020.5, filed February 10, 2003, the d1sclosure of which is

hereby incorp orated herein by referenec
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' COMBINED SPEAKER AND ANTENNA COMPONENT

Fleld of the 1nventlon

- The present invention relates generally to a communlcatlon terminal
compnsmg an antenna for Wrreless commumcatron purposes, anda speaker for ,

conveying aud1o 1nforrnat10n to a user of the communlcatlon terminal. More

specifically the mventlon relates to a communication terminal including a

component Wh1ch mtegrates sald speaker and an antenna element and to sa1d

" component as such.
100 '
'Backgo

- The mobile phone 1ndustry has had an enormous development both regardmg |
quallty of service and transmission capabrlmes as well as the technology for
producing advanced communications terminals. In only a couple of decades the
communrcatlon systems have gone from analogue to drgltal and at the same ttme
the dimensions of the commumcatlon termmals have gone ﬁom brrefcase size to the -

pocket size phones of today. Still today, mobile phones are gettmg smaller and

‘smaller and the size is generally con51dered to be an important factor for the end

customer The development in electronics has made it pos51ble to rmmatunse the
components of the terminals, at the same t1me making the terminals. capable of
perforrmng more advanced functlons and services. The development of new
transmission schemes, the so—called 3¢ genera’non moblle system standing at the
door and the 4" generatron to be expected maybe ten years later; also provrdes the
possibility to convey more advanced data to the wneless commumcanon termmals, o
such as real time V1de0 ‘ . :

In order to beneﬁt frorn the capabrhtxes of the transmrssron system, the future .

generatwn of phones will have a large display in order to perform multlmedra mput '

~and output and the picture quality will be of high 1mportance St111 the keypad or

keyboard must be large enough to allow people to press one key at a time.

Figure 1 discloses a typical example of a state of the art mobile phone 1,

carried by a housmg or chassis 2. The size of a_keypad 4 and a display 3 basically |

Cooy provided by USPTO from the PACR Image Database.on 03/04/2004
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- sets the limit of how small the termmal 1 can be. However, to be able to work as a

~ standard phone for voice 1nteractron the terminal 1 also mcludes a mrcrophone 5

and a speaker 6, preferably arranged at opposite énds of the termmal 1. Figure 2

discloses a different embodrment ofa state of the art commumcatlon termmal l

10
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space.

‘wherem the drsplay 3 occupres a larger portton of the front side of the termmal

Several of the functions of the keypad 4 have been included in a graphlcal user

interface apphcable to the display 3, renderm g a data input interface havmg less

keys. Those keys 4 may also be moved to the side of the commumcat]on terminal in
order to allow for the display 3 o occupy a larger portion of the front side of 4
terrmnal 1. A specific tool 8 rnay be provrded for 1nputt1ng data ona touch-sensmve B
screen of the display 3. Figs 1 and 3 show two typrcal examples of state of the art -

communication terminals 1 whereas the- skilled 'persons will realise that

* combinations of the two are also well known as Well as other desrgns suchasa S0

' called clamshell type termmal

In the state of the art cornmumcatron termmal a terrmnal output 7 is mounted
on the front of the terminal above the dlsplay with the sp_eaker 6 1n1med1ately
behind the output 7, as shown in Figs 1 and 2. This means that even with a smallest

avallable speaker used today, with a diameter of about 13 mm, the terminal Would

‘ be approxrmately this much longer in its longitudinal extens1on than what would
'have been the case if only the drsplay 3 and/or keypad 4 had deﬁned the length of

the terminal 1. The antenna of the termmal is generally located at the - upper portlon
of the termmal and a lower portlon of the terminal being occupled by 2 battery.’

Placing the speaker 6 behind the dlsplay 3 would therefore increase the thlekness of

‘the termmal 1 since it would have to compete wrth the antenna for the relevant

The performance of the speaker is to a h1gh extent dependent on the back
volume i.e. the acoust1c Tesonance cavrty behind the speaker As mentioned above,

almost every phone today has the speaker posrtlon in the upper parts of the front of

‘the terminal above the display and keyboard However also the antenna is ‘

preferably placed at the upper portion of the terminal. Today, built in antennas are |

. primarily used, such as e. g. PIFAs, Planar Inverted-F Antenna, or micro strip

Copy provided by USPTO from the PACR Image Database on 03/04/2004
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© antennas. Such designs. also requlre a certain space or distance between an active .

antenna element and a ground plane, in order 10 provide sufficient bandwidth.

, Consequently, placing the speaker and the antenna one over the other ina

longitudinal direction of the términal, will add to the length of the terminal. On the .
other hand, placing the antenna behind the speaker will add to the thickness of the
terminal. Therefore, both the antenna design and the speaker design, and theu' ’
relatlve posmon, w1ll affect the dimensions of the terminal;

A solution to this problem of m1n1atur1sat10n of commumcatron termmals is

proposed in WO 00/3 8475, in. which the acoustic resonance chamber of the speaker

is completely or partly located in the electromagnetlc resonance chamber of the

antenna. The use of a smgle resonance chamber instead of two separate ones makes

it possrble to manufacture smaller commumcatlon devrces According to the

- proposed solutions the speaker is p]aced outside the resonance chamber, the
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back51de of the speaker being connected to the resonance chamber by at least one
acoustic channel. However, the speaker and the oornmon ctiambet will still both add

to the thickness of the terminal.

Summary of the 1nventlon

It is an obJect of the present invention to prov1de a novel speaker

arrangement fora communication terminal, rneetmg the general market demand for

Asmall size and light weight terminals.

Furthermore, an aspect of this obJect isto prov1de such a speaker :
arrangement, which can be produced in a reliable and cost-effective manufacturing -
process. ' A ' ' ‘

Yet another aspect of this object is to provrde such a speaker arrangement

.integrated with an antenna element of the termmal ina way that does not 1mpede

antenna performance ,

_According to a first aspect of the present invention, this obJeot is ﬁJlﬁlled by |
an integrated speaker and antenna element carrier for a communication terrmnal
cornpnsmg a sheet of a flexible film havmg a conductive ﬁrst pornon formmg an

antenna element, and an elongated second portlon carrymg a conductwe lead

Copy provided by USPTO from the PACR Image Database on 03/04/2004
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" extending from adjacent to said ﬁrst portion to a speaker connection pad at an outer .

10

15

end of said elongated second portion.

Preferably, said second portlon carries a pair of conductlve leads from
adjacent said first portion to respective. speaker connection pads

' Advantageously, said second portion carries at least one conductive lead .

which is ele_ctrically' insulated from sald first portion. ' ‘

In one embodiment, said first conductive portion and eald‘ lead are shaped by -
material removal from a conductive laj'rer on the film, and preferably l)y etch_i_ng' of
said conductive layer. _ _

ln a preferred embodlment said second portion is devnsed to carry a speaker
connected to said speaker connection pad, wherein said second elongated portton 1s -
bendable such that said speaker is posmoned at an aperture in said first portion. -

In one embodlment said conductlve lead extends from a connection pad

: arranged adjacent to. sa1d first portion at a straight edge of said flexible film.

Ina specnﬁc ernbodlment, said conductive first portion is a grotmd plane of

“an antenna for a radio commumcatlon terrmnal Alternatlvely, said conductlve first

portlon isa an antenna element of an, antenna for a radio communication termma]

' . and has a pattern adapted to prov1de resonance at predeterxnmed radlo frequencres.

.20

25

30

Aecordmg to a second aspect ¢ of the present 1nvent10n the stated object is

fulfilled by a combined speaker and antenna arrangement for a communication

~ terminal, compnsmg a support structure carrying a first antenna element and a

second antenna element arranged ata predetennlned distance from said first antenna

element, wherein sald second antenna element isa conductive first portlon of a

: _sheet of flexible film, wherein an elongated second portron of said flexible ﬁlm

carrying a conduetwe lead ‘extends from adj acent to said first portron to a speaker

. connected to an outer end of sald elongated second portron

Preferably, said second elongated portion is bent such that said speaker is . :
posxtloned between sa1d film and said support structure adJ acent to an aperture in
said first portion. -

In one embodtment, said ﬂexrble film is attached to sa1d support structure

- such that said conductive first portion is electrically connected to 2 ground plane of

\/‘-

Copy provided by USPTO from the PACR Image Database on 03/04/2004
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said support structure, and preferably said ﬂexrb]e ﬁlm is attached at a side edge

thereof, to said support structure, at whrch side edge a connector pad to said

. conductive lead is arranged In a more specific embodiment, said connector pad is

- connected, at sald second srde edge, to speaker control crrcultry arranged on said -

support structure. .
In one embodlment said flexible film is bar soldered ata stralght edgeto -

said support structure, at which strarght said conductrve first portton is electrrcally

. connected to a ground plane ‘of said support structure, and a connector pad to said

conductive lead is connected to speaker control circuitry arranged on said support
structure ' '

In one ernbodrment of the combrned speaker and antenna arrangement an

insulating spacer is arranged intermediate said support structure and said ﬂexrble ‘

film, defining said predetermmed distance between sald first and second antenna

. elements

-Said spacer preferably comprises speaker attachment means, devrsed 1o

. secure said speaker adjacent to said aperture

In one embodrment said flexible ﬁlm is attached to sard spacer with an -
adhesive. S
. In- one embodrment said spacer is attached to sa1d support structure by

cooperatlng engagement members. Ina more specrﬁc embod1ment, sard spacer has

. a protrudmg member engaging with a recess in sard support structure

25

30

Preferably, said support structure is a printed crrcult board of aradio -

commumcatlon terminal.

" Accordlng toa third aspect of the present 1nvent10n the stated Ob_]GCt is
fulfilled by a radio commumcatlon terrmnal comprlsmg a combmed speaker and
antenna arrangernent as recited above i L

" According to a fourth aspect of the present 1nvent10n the stated obJect is

‘ fulﬁlled by a method for producmg an mtegrated speaker and antenna element

carrier for a communication terminal, comprrsrng the steps of:
- prov1d1ng a flexible film of an msulatmg material;

- coating said film with a conductive material;

Copy provided by USPTO from the PACR Irtna‘ge Database on 03/04/2004 '
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- removing selected portions of the c'onductive material ﬁ'om‘ the film, to deﬁne a

first conductive surface portion, and a lead, msulated from said first portlon and

extending away from adjacent to said first Jportion; and

- cutting the film such that en elongated second portlon thereof canymg sald lead

Preferably, sard removmg of selected portlons of the conductrve rnaterlal

~_including the step of etching.

10

15

- 25

30.

" mounted to a carrier, such as a printed circuit board PCB, in accordance with an

material, preferably comprises the defining of a pair of separate leads, 1nsu1ated

Furthermore, said step of removmg of selected portions of the conductlve

from said first portion and extending away from adjacent to said first portion.

Bnef description of the drawmzs

Further features and advantages of the present mventlon will becorne more

apparent from the following description of preferred embodlments, w1th reference

to the accompanylng drawings, on whlch

Frg 1 schematrcally shows a typrcal commumcatron terminal desrgn of a first
type; ) SR
- Fig. 2 schematlcally rllustrates a typlcal commumcatlon terminal designofa -

o second type;
.20

- to an embodlment of the present invention;

Fig. 3 illustrates an mtegrated speaker and antenna element carrier accordlng'_ '

Flg 4 1llustrates a speaker for use wrth a carrier accordmg to Frg 3
A Flg 5 1llustrates an mtegrated speaker and antenna element carrier accordmg
to Fi ig. 3 with a speaker attached; - » '
Flg 6 illustrates a spacer member devised for assembly w1th a devrce as
shown in Fig. 3, according to an embodrment of the mventron
Flgs 7 to 9 111ustrate assembly of the mtegrated speaker and antenna element

of Fig. 5 with the spacer member of F1g 6, in accordance with an embodlment of”

‘the invention;

Flgs 10 to 11 illustrates how an assembled device as shown in Fig. 9 is

Copy provided by USPTO from the PACR Image'Database on 03/04/2004
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embodiment of the invention; and A ‘
Fig. 12 illustrates an elevated view of the assembled and mounted devrce of

Fig. 11, in accordance with an embod1ment of the invention.

Deta11ed descrlgtlon of preferred embodiments - :
‘The present descrlpnon refers to- commumcatlons termmals asa device in

which to 1mplement the speaker conﬁguratron accordmg to the present mventlon
The commumcatlon terminal includes all mobile equipment devised for rad1o
communication with a radio station, Wthh radio station also may be a mob11e .
termmal oreg.a sta’uonary base statlon Consequently, the term ¢ commumcatlon
terminal” includes mobile phones, pagers, communrcators electronic orgamsers |

smart phones, PDA:s (Personal D1g1t Assistants), veh1cle-mounted radio

, commumcatton devices or the like, as well as portable laptop computers dev1sed for -

wireless commumcatton in for instance WLAN (ereless Local Area Network)
Furthermore, smce the des1gn and present invention is su1table for but not restncted
to mobﬂe use, the term ¢ cornmumcatlon termmal” should also be understood as to
mclude any statlonary device arranged for radio commumcatton such’ as for ‘
instance desk top computers printers, fax machmes and so on, dev1sed to operate
with radlo commumcauon with each other or some other radio statlon Hence
although the structure and charactenstlcs of the combmed antenna and speaker
des1gn according to the mventron 1s mainly descnbed herein, by way of example 1n
the 1mplementat10n ina mobile phone; this i is not to be mterpreted as excludmg the '
1mplementatlon of the inventive design in other types of rad1o tenmnals, such as-
those listed above. Furthermore‘ it should be ernpha51sed that the term ¢ compnsmg

or comprlses *when used in th1s descnptlon and in the appended claims to mdlcate

" . included features, elements or steps, is in no way to be 1nterpreted as excludmg the

30

presence of other features elements or steps than those expressed or stated.

- Fig. 3 illustrates a basic device accordlng to the invention, constrtutmg a.

. -combined antenna element and speaker carrier. A sheet of flexible film in an

electrically non-conductwe material is provided. The material is preferably some

form of polymer, e.g.a polymude such as Kapton® ‘The film has a first portlon 31

Copy provided by USPTO from the PACR Image Database on 03/04/2004
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which preferably represents a major portion of the surface of the film. In the
illustrated exemplary embodiment, first portion 3l 1s rectangular, but it may have ,
alternative shapes dependent on the particular appli‘cation. First portion 31 has a
coating or layer of electrically conductlve material, such as copper, and ﬁrst‘p'ortion S
31 represents an antenna element 31 for a radlo antenna. In a preferred ernbodlment,
ﬁrst pomon 31 is a singlé and continuous conductlve area usable as a ground plane

for a radio antenna Alternatrvely, the first portlon 31 may be an actlve antenna

. _ element w1th a (not shown) structure deﬁnmg resonance for su1table radio

10

15
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frequencies. This will be further descrlbed below ) )
An aperture or set of apertures, 32 is provrded in sard ﬁrst portlon 31 ThlS -

aperture 32 represents an audio or sound transfer opening in the flexible ﬁlm for

- the purpose of conveylng sound waves from a speaker through the film.

A second _elongated, portron 33 of the film extends from a 51de of ﬁrst
portion 31. Second portlon 32 has a substantlally non-conductlve surface However
at least a first lead 34 is formed on the second portion 33, extendmg froma -
proximal connection pad 36, located on the ﬁlm close to first portion 31, but }
electrrcally insulated from the ﬁrst portion 31. Said first lead extends from said -

proximal connection pad 36, along the extension of the second portlon 33,t0a

' distal connection pad 38 located at an outer end 40 of the second portion 33.

Preferably, second portion 33 carries two separate leads 34,35 from proximal

' connectlon pads 36.37to distal connectlon pads 38,39 at sard outer end of the
elongated second portlon 33. Preferably both are msulated from the first portlon 31 :

‘ though in one embodiment one of the leads is connected to the ﬁrst portion.

In a preferred embodiment, a device according to the invention, and as

illustrated in F1g 3, is manufactured by a coating, etchmg and cuttmg procedure A

- flexible film of an msulatlng material is provided. The film is coated, . .g. by mea.ns'

of a suitable wel_l known procedure, with a conductlvev material such as copper. The

coating rnay be performed with a mask applied to the film or coating device, such

30

that the coating material is only applied at desired locations. However, in a

preferred embodiment the coat is applied over the entire flexible film sheet:

Subsequently, selected portions of the conductive material are removed from the

Copy provided by USPTO from the PACR Image Database on 03/04/2004
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film, to define the first conductlve surface portlon 31 and one ore more leads 34, 35 | A
and their connection pads This step is preferably exercised by etchmg the
conductive material using a suitable dry or wet etching method and 2 mask defining
the de‘sired pattern. Finally, the film is cut such that the elongated second portion
carryiné the leade, and the apertufe 32, are shaped. ‘Needless to eay, plnral structure's' .
like the one illustrated in Fig. 3 may be shaped by coating and etching on a'single |
piece of flexible film, wherein said plural structures are separated in the éubsequent ‘
cutting step. ‘ o B s o

Flg 4 illustrates a speaker 41 suitable for use with a devxce accordmg to Flg

3 In accordarice with the mven‘uon the lead 34 on the second portxon 33 of the film

s preferably used as a speaker si gnal ,_lead. Consequently, ‘the outer end 40 of E

- second portion 33 is adapted for connection of a speakef, such as speaker 41.Fig. 4

. ‘1llustrates a back side of speaker 41, and connectors 42 43 thch aré connectable to

15

20

25,

: as previously outhned the présent invention is not restrlcted to thls ﬁeld wh10h 1s

' speaker 51gnal leads, preferably by solderin gor thermo compressmn

Fig. 5 illustrates the device accordmg to Fig. 3 when connected to speaker 41 ‘
of Fig. 4. Distal connect1on pad 38, which constltutes a speaker connectmn pad 38,

is connected to speaker connector 42, whereas dlstal connection pad 39, which .

’constltutes a speaker connection pad 39, is connected fo speaker connector 43. The h

- speaker 41 may also be mechanlcally fixed to outer end 40, e.g. by clampmg on the

outer end 40 of the film. Fig. 5'111ustrates a combined speaker and antenna element
50, representing' a'single'component witl1 two distinctly different technical features.
As will be described below the combmed device accordlng to F1g 5 provides a-
structure with several advantages as will become clear The followmg descrlptlon
defines the use of the present mventlon in a radio commumcatlon termmal and

partlcularly on the apphcatxon of the present mventlon in a mobile phone. However,

o to be regarded as a suitable apphcatlon

30

Flg 6 illustrates an embodiment of a spacer element 61, adapted for use with
the combined speaker and antenna element according to the invention. In alow
proﬁle, built in, radio antenna for miobile cotnmimicaﬁon, such as a PIFA, the

antenna comprises a substantially planar active antenna element and a ground plane.

Copy provided by USPTO from the PACR Image Database on 03/04/2004 [
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Preferably, the active antenna element and th_e ground plane are arranged ata

certain distance from each other, in order to provide a suitable bandwidth for the

- antenna at predetermined frequencies. The spacer 61 is made of a non-conductive

material, such as some form of plastics. It has an upper surface 62 to which the
flexible film is attachable, and in which upper surface a recess 63 is made for.
housing the speaker 41. In the illustrated embodiment, the upper surface 62 is

curved such that a downwards projecting wall 64 is defined. As wrll be clear, the

: curved shape provides a suitable interface to the flexrble film. The spacer further

has spacing walls 65 pro_]ectmg downwards from the upper surface 62. At the

opposite side of upper surface 62, lower edges of spacing walls 65 define, together _ |

“with the lower edge of wall 64,2 lower plane side of the spacer 61. One or more

protruding engagement members 66 1s/are formed at the lower side of spacer 61 for

engagement with a support structure.

Figs7t0 9 111ustrate mountmg of the combmed speaker and antenna element
50 of Fig. 5 to the spacer of Fig. 6, in-a perspectrve vrew though the leads and pads
of the second portion 33 are left out for the sake of clarity. The first portion 31
carrying the conduct1ve coatmg or layer is attached to the upper side 62 of spacer
61, preferably by use ofan adhesrve The aperture 32 s oriented over the recess 63
and the film is pressed to the upper surface 62 such that it follows the curved shape e

of upper surface 62. In an alternative embodrment, wall 64 may be strarght like

. lwalls 65, but in that case there will be an edge where wall 64 meets upper surface o

125

- 62. Such an embodJment may be employed 1f the flexible film allows sharp foldmg

about an edge.
As is evident from Frg 8, a lowermost portron 81 of the flexible ﬁlm wrll

extend outs1de spacer 61 when the film is attached thereto This lowermost portion

81 preferably includes a lower part of first portlon 31,and a proxunal part of second _ '

30

portlon 33 mcludmg proxrmal connectron pads 36, 37 Furthermore second portlon
33 preferably extends from this lowermost portion 81 '

Fig. 9 111ustrates how speaker 41 has been placed in the recess’ 63 by use of

suitable attachment means. When positioning speaker 41 under the first portion 31
of the film, the second portion 33is bent such that a front side of speaker 41 faces

Y

Copy provided by USPTO from the PACR Image Database on’03/0412004
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the first portion 31, as is illustrated in Fig. 9. As a result in aceordance with the

: mventlon the spacmg between two cooperatmg antenna elements is not only used

for. prov1d1ng sufficient bandwidth to the antenna, but also for housing the speaker
41, thereby also providing an acoustlc resonance cavrty for speaker 41.InFig. 8, as
well as in Figs 3 and 5, it has been 1llustrated ‘that the elongated second portion 33 is
not entirely strai ght, although it may be. Instead, second portion 33 has at least one ’

bend in the plane of the film, in the Tested state. of the film. The purpose thereof is to

suitably orient the elongated"second portion 33 when it is bent under aside edge of

the first portion 31, such that speaker 41 is positioned at the aperture 32.
Figs 10 and 11 illustrates how the assembled device of Fig. 8 is attached to a
support structure 100, for which only a top end is shown. Support structure 100 is '

'preferabl'y a Pri'nted' Circuit Board (PCB) catried in a chassis or housing of aradio
: commumcatlon termmal The PCB 100 supports the electronics of terminal, though

not shown in these drawmgs

In Flg 10 the support structure 100 is 111ustrated separate from the assembled

'spacer and ﬂex1ble film. At 101 a c00perat1ng antenna element is 1nd1cated bya

~ dash-dotted line. Antenna element 101 cooperates as prev1ously menttoned ina
. manner well known to the skilled person, with the antenna element constttuted by

‘the ﬁrst conductlve portion 31. Thanks to spacer 61, antenna element 101 and first '

portion 31 of the film will be arranged at a certain distance from each other.

AAntenna element 101 may be a ground plane to an active antenna element provided' :

by ﬁrst portion 31 However, in a preferred embodlment antenna element 101 i is an
actrve part of the antenna having a suitable pattern m a plane of the support
structure such that resonance is establlshed for predetermmed radro frequencres In

this preferred embodlment first portron 31 of the ﬂexrble film prov1des the ground

~ plane for’ the antenna.

30

One or more recessed engagement members 102 1s/are formed in the support .
structure, for engagement with the protrudmg engagement members 66 at the lower .

side of spacer 61. Engagement of spacer 61to support structure 100 may be

. achieved by a self-locking snap lock.

A conductrve connectlon area 103,104 is further 1llustrated by dashed lmes n
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Fig. 10, devised for connection with the lowetmost portion 81 of the flexible film.

' Preferably, the conduc’uve first portlon 310f the flexible film is connected at

lowermost portlon 81 to a first sectlon 103 of sald connectron area by hot bar

- soldering. ThlS way connection between support structure 100 and first portlon 31is

created along substantlally the entire width of first portlon 31.In.a preferred

" embodiment, an aux111ary ground plane (not shown) is prov1ded 1n the support

structure: 100, in an intermediate layer or on a surface thereof, Whlch auxiliary

* ground plane is connected to the ground plane of first port1on 31at connectron area

- 10

sectlon 103. This way, and particularly due to the wide connection at connectlon
area 103, a large and contmuous ground plane is prov1ded whrch will be beneficial
to the performance of the antenna. The auxiliary ground plane may extend a limited

portton of the length of the support structure, but preferably substantlally all the

- 'way to a an end side of the support structure 100 opposite the illustrated topend. A ~ -

15

20

25
" 33 of the flexible film is bent and folded such that speaker 41, attached to the outer

30

second section 104, electncally separate from first sectlon 103, of the connectlon
area is prov1ded for connectlon with the prox1ma1 connection pad 36, or separate
connection to proximal connection pads 36, 37 if there are plural leads 34, 35, of
second portion 33. The entire lowermost port1on 81i is preferably attached to the
dc51gnated sections 103 104 of said connectlon area ina smgle hot bar soldermg
actlon

-Fig. 11 lllustrates the dev1ce accordmg to Fig. 9 when assembled to the

support structure 100 in accordance w1th the arrows in Fig. 10.

F1g 12 shows a top view of the assembled device accordmg to F1g 11. The

, conductrve first portion 31 of the ﬂex1ble ﬁlm extends into lowermost portion 81, at

which it is connected to the de51gnated section 103 of the connectlon area on the - -

support stiucture 100 and preferably the aux1hary ground plane The second pornon o

_‘ end 40 of second portlon 33 is placed behmd aperture 32. At said second sectlon

104 of connectmn area, proximal connectton pads. 36 37 are connected to respectlve

’ connectors 126,127. These connectors 126 127 are, in turn, connected to speaker.

. control-circuitry 120 arranged on sa1d support structure devised to prov1de speaker’

signals to speaker 41
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The present invention brings about several advantages, thanks to the

1nvent1ve ideato mount the speaker 1nsrde the antenna cav1ty, where one antenna '

element and the speaker are carried by a common structure provided by a flexible . .-

- ﬁlm

First of all, the mventmn brrngs about space savings. A terminal or housmg, '

- implementing the 1nventlon ‘may be des1gned with a thickness basrcally defined by - .-

| the dlstance between the flexible film and the suppott structure e.g. a PCB, since -

the thlckness contrrbutlon from the speaker has been ehmmated Furthermore even

" though the antenna cavity 21 has been partly occupled by the speaker, expenmental'

10

laboratory tests on this desrgn have surprisingly shown that the presence of the

: speaker will not result in reduced antenna performance 1f tuned properly. The use of

= hot bar soldering will not lead to bulging solder pads wh1ch also conmbutes to

-savmg space.

15

Second a s1ngle component havmg plural functrons ie. prov1d1ng an

antenna element, leads toa Speaker and pads for connectron both to the speaker and

- speaker control circuitry, provrdes a loglstrcs advantage since fewer details are

involved in the assembly

By the proposed desrgn the amount of metal in the v1c1n1ty of the antenna is

- mmrmlsed since no extra contacts or wires to the speaker are needed, and very little -

20 metal is mcluded in the thm and narrow leads formed on the ﬁlm Tlus means less

' 4. negatlve 1mpact on the performance of the antenna.

25

30

E Frnally, the hot bar solderlng along substantlally the entire wrdth of the _ '

B antenna element provrded by first pornon 31 on the ﬂexrble ﬁlm ensures a large '

contmuous ground plane with increased antehna performance as a consequence
The foregoing has descnbed the pr1ncrples, preferred embodrments and

modes of operatron of the present invention. However, the above described

‘ embodiments should be regarded as 1llustrat1ve rather than restrrctrve, and it should
- be appreclated that variations may be made in those embodlments by those skilled

- in the arts without departing from the scope of the present invention as defined in

the appended claims.
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'Abstract

A combined speuker and antenna arrangement fora cornmunication terminal,
compnsmg a support structure (100) carrymg a ﬁrst antenna element (101), and a
second antenna element (3 1) arranged a a predetermlned dlstance from said first

antenna element. Said second antenna element is a conductive ﬁrst portxon (€29) of a

‘ sheet of ﬂex1ble ﬁlm and an elongated second portion (32) of sa1d ﬂexxble film,

~ carrying a conductive lead, extends from adjacent to said first portlon to a speaker

(41) connected to an outer end of sald elongated second portion. The second
elongated pOl‘thll is bent such that said speaker is posmoned between said ﬁlm and

said support structure adjacent to an aperture in said first portion.
(Fig. 11) ' '
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