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Attorney Docket No.: 9342-72PR · 

i__.. 

COMBINED SPEAKER AND ANTENNA COMPONENT 

Cross-Reference to Related Application · 

Thi_s is a p~ovisional appli°cation which claims priority to European Pa~ent • • 

Application No. 03445020.5, filed February I 0, 2003, the disclosure o{ which is 

hereby incorporated herein by reference. 
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COMBJN.ED SPEAKER AND ANTENNA COlvlPONENT 

Field of the invention 

.· -. The present invention relates genera_lly to a communication terminal 

5 comprising an_antenna for wireless communication purposes, arid a speaker for 
. . •. . 

conveying audio information to a user of the communication terminal. More 

specifically the invention relates to a communication terminal including a 
' . . . 

. . 

component which inte_grates said speaker· and an antenna element, and to said 

. • component as such. 

10 • 

• Background 

· The mobile phone industry has had an enormous de~elopment both regarding • 

quality ·of service and transmission capabilities? as well as the technology for 

producing advanced communications terminals. In only a couple of decades the 

15 communicat~ort systems have gone from analogue to digitai, and at the same time 

the dimensio~s· of the cotn.muriication terminals have gone from briefcase size to the 
. . . . . 

pocket size phones ?ftoday. Still today, mobi~e phones are getting smaller and 

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

custo~er. Th~ development in ele~troni~s has made it possible to miniaturise the 

20 co~ponents of the terminals, at the same tim~ making the terminals.ca~able_ of 

perfo~ing more adv~ced functions and services. The development of 11ew 

transmi~sion s~hemes·, the so.:called 3rd generation ·mobile system standing ·at the· 

door and the.4th g~neration. to be ~xpected maybe ten years later; also provicles ·the • 

possibility to convey more advanced data to the wireless communication terminals, • . -
. . . . 

25 such as real time video. 

. In order to benefit "rroni_the capabilities_ ofthf _tr~s~ission sy_stem, th~-future 

ge~eration of phones will have ·a·large display -in order to perform m"ultimedia ~put 

and outp~t, and the ptcture quality will be o~high importance. Still, the keypad or 

keyboard must be large enough fo allow people to pre$s one key at a time. 

30 Figure 1 discloses a typical_ exampl~ of a state of the art_ 1:11obile pho~e 1, 

carried by a hou~ing or chassis !· The -~ize ~f-a_ keypad 4 and a display 3 basically 
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3 
sets the· limit of how small ·th~ ~e~al I can be. However, t~ be able fo work as a 

standard phone for voice interaction, the terminal 1. 3:lso includes a microphone 5 

and a speaker 6, preferably arr~ged •.at opposite e~ds ·of the te~min~ 1. Figure 2 

discloses a different ei?-lbodiment ·of a state of the art communication terminal I, 

5 • wherein the displ~y 3 oc~upi_es a larger portion· of the front. side of the te~inai. 

Several of the functioµs of the keypad 4 have been included .in a graphical user 

interface applicable.to the display 3, ren.dering ~ data input interface havi~g1ess 

keys. Those keys~ may also be moved to.the side of the ~oi:nmunica~ion terminal in 

order to allow for the ~isp~ay ~ ·to _o~cup~ a larger portion of the front side_ of 

10 terminal 1. A specific tool· 8 may be provided for inputting data on a touch~sensitive 

screen of the display 3. Figs 1 and 3 show ~o typical examples of state of the art • 

communication termin_als 1, whereas the.skilled ·persons ~ill realise that 

• combinations of the two are_ also well ~own as well as ·other.designs, such as_ a so 

• called clamshell type terminal. · 

15 In t~e state· of the art communication ·terminal a terminal output 7° is mounted 

_on the front of the t~rminal above the displa~· with the speak~r 6 immediateiy 

behind the output 7, as shown in Fig~ 1 and 2. This means that even with a smallest 

avai~able sp~al(er used today, with~ di~meter.of about 13 mm, the terminal wouid 

• be approxi~ately this· much longer in its longitudinal ~xtension than what would · 

20 • h~ve been the case if only ~he display 3 and/or keypad 4. had defined the length of 

the terminal 1.. The antenna of the terrrtinai is gen,erally located at the upper portion 
·. . ' . . . . . ·. ' 

of the termin~, and a lower p~rtion of the terminal being occupied by a b~ttery. · 

Placing th~ .spe~er 6 behind the display 3 would therefore increase_th~ thickness of 

·.the terminal 1 since it would have to compete with th~ antenn& for the relevant • 

·25 space; 

The performance of the speaker is to a high extent d,epende_nt on the back 

volume, i.e. the acoustic-reso~ance cavity behind the_sp_eaker. As mentio~ed above, 

almost every phone foday has· the speaker position in tbe upper parts ·of the front of 
. , . ' . . . 

• the terminal above the display and keyb~ard. However, .. also the .antenna is 

• 30 preferably placed at the upper pqrtion of the terminal. Today? _built in antennas are 

primarily us~d, such as·~.g. PIFAs, Planar Itiverted-F Antenna, or micro strip 
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antennas. Such designs .also require a certain space or distance between an active : 
. . . 

antenna element and a ground plane, iri order tci provide sufficient bandwidth . 

. Consequently, placing the speake~ and the antenna one over the other, in a 
. . 

longitudinal direction of the terminal, will add to the· ~ength of the terminal. On the 

5 ~ther hand, placing the .antenna behind the speaker will add to the thickness of the 

terminal. Th~refore, both the antenna design and. the speaker design, and their 

relative position, will affect the dimensions of the terminaL • • 

A solution to this problem of miniaturisation of ~ommunication terminal~ is 

proposed in WO 00/38475, in.which the acoustic resonance chamber of the sp~alcer 

10 . is completely or partly located· in the ~lectromagnetic ~esonance ch~mbe; of the 

antenna. The use of a single resonance chamber instead of two separ~te ones makes 
. . . . 

it possible to manufacture smaller communication devices. According to the 
. . 

proposed solutions the spealcer is placed outside the resonance chamber, the 

backside of the speaker being connected to the resonance chamber by at least one 
. . 

. 15 acoustic channel. However, the speaker and the co~on chamber will still both add 

to the thickness of the terminal. 

Summary of the invention 

It_ is an object of ·the present invention· to provi_de a novel spealcer 

20 arrangement for a_ communication terminal, meeting the general market demand for 

small size and light weight terminals~ 
• , . 

Furthermore, an aspect of this object is to provjde such a speaker · 

arrangement, which can be produced in a reliable and cost-effe.ctive manufacturing • 

process. 
. . . . . 

25 Yet another aspect of this object is to· provide such a spealcer arrangement 

integrated with an antenna element of the terminal, in a.way that does not impede · 

antenna performance_. 

. According to a first aspect ·ofth_e prese_nt invention, this object is fulfil~ed by · 

ari integrated ~peak~r and antenna element carder for a communication terminal, . 

30 comprising a sheet of a flexible fil~ having ·a conductiv~ first portibn forming an 

an~enna element, and an elongated second portion carrying a conductive lead 
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extending from adjacent to said first portion to a speaker connection pad at an outer 

end of said elongated second portion. 

Preferably, said_ second portion carries a pair ofconductive leads from 

adjacent said first_portion to respective.speaker connection pads. 

5 Advaiitageously, said second portion carries at least one conductive lead . 

which is electrically insulated· from said first portion. 

In one embodiment, said first ~onductive portion and said_ lead are shaped by 

materi~i removal from a conductive layer on the· film, and preferably· by etchi,ng· of 

said.conductive layer. 
. . . . . 

10 'lri a preferred embodiment, said second portion is devised ·~o carry a speakei; 

connected to said speaker connection pad, wherein said second _elongated portion _is •. 
. . . . . . ' 

bendable such that said speaker is positioned at an aperture in said first portion. • 

In one embodiment, said co~ductive lead extends from a connection pad 

.• arranged adjacent 'to. said first portion at a straight edge of said flexible fiim. 
. . 

15 In a specific embodiment, said conductive first portion is a ground plane of 

• ~n antenna for a radio communicati~n termin_al. Alternatively, said' C<:mductive first 

portion is~ an antenna element of an.antenna for a.radio communication .terminal, 

and has· a pattern adapted to provide res·o~ance at predetermined radfo ·frequenci~-~­

Acpording to a second aspect ·of the present invention, the stated object is 

20 fulfilled by a combined speaker and antenna arrangement for a communication 

terminal, coni~rising a support structur~ c~ing a frr~t antenna· element, and a 

second antenna element arranged at a predetermined ·distance from said first antenna 
. . 

element, wherein said second antenna element is a conductive first porti~n ?fa · 

• · ~heet of flexible fil~, wherein an·-eiongated second portion ~f said 'flexibie film, 

25 ~arrying a conductive lead, ·extends froni a~jac.ent to said first portion to a·speaker 
. . . . . 

. connected to an outer end of said elongated second portim:_i~ . 

Preferably, ·said ·second elongated pprtion is bent sue~ that said speaker is .. • 

positioned between said film an~ said support structure,' adjacent to an aperture in 

said'.frrst portion. .. 

30 In one emboqiment, said flexible film is attached_to said support structure 

such ~hat said conductive first portion_ is 'electrically connected to a ground plane of 
......, . 
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said support structure·, and preferably said flexible film is attached, at a side edge 

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

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

• connected, at said second sicle edge, to spea,ker control circuitry arranged on said 

5 support structure. . 

In one embodiment, said _flexible film is bar soldered at a straight edge to 

said support structure, afwhich straight said conductive first portfon is electrfcally. 
. . . . . 

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 

10 structure; 

I_n one embodiment, of the combined speaker and. antenna arrangement, an • 

insulating spacer is arranged intermediate· said support· structure and said flexible 

film, defining said predetermined distance between said first and second antenna 

- elements. • 

15 -Said spacer preferably comprises speaker attachment means, devised to 

secure said speaker adjacent to said aperture;_ - . 

In one embodiment, said flexible filni is attached to s_aid spacer with an 

adhesive:· 

: In ·one emQodiment, ·said spacer is attached to said support ·sttucture by 

20 cooper~ting engagement members. In a more specifi~ embodiment, ·sa~d spacer has 

a protruding member engaging with a recess in s_aid support Str1:}cture. 

• Pr~ferably, said support st~crirre is ~ printed circuit board ~fa radio 

communication terminal. •. • • _ 

·- According to a third aspect of_the preserit inventiori, -the stated object is 

25 fulfilled by a radio communication terminal, compris~g a combined speaker and 

antenna arrangement as recited above . 

• • According to a fourth aspect of the present invention, the .stated ~bject is 

_ fulfilled by a method for producing an integrated speaker .and antenna element_ 

carrier for a communication terminal, comprisi~g- th~ steps of: 

30 - providing a flexible film of an insulating material; 

- coating said film with a conductiye material;· 
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. . 
- removing selected portions of the c·onductive material from the film, _to define a • 

first conductive surface· portiori, and a lead, insulated from said first portion and 

extending a_way from adjacent to said first portion; arid 

- cutting the film such that en elongated second portion thereof, carryi~g said l~ad, 

•. 5 is shaped. 

Preferably, said removing of selected portions or°the c~riductive material . 

. including the. step of etching. 

Furthermore, said step of removing of selected portions of the conductive . 

inaterial, preferably comprises the d~fining of a pair of separate leads,. fosulated 

10 from said first portion and extending away from adja~entto said fir~t portion . . 

Brief description of the drawings 

Further features and advantages of the present inyention_ will become more 

apparent from the following description of preferred embo~inients, with reference 

15 to the accompanying drawings, on :which . • 

Fig 1 schematically shows a typical c~mmunication terminal d~sigrt ~{a first 

~ype; 
. . •' . 

• Fig. 2 schematic~lly illustrates a typical communication terminal design of a • 

second type; . 
. . 

20 . Fig. 3 illustrates an integrated speaker and.antenna element carrier according . 

25, 

to an embodiment ofthe_present invention; 

• F\ig. 4 iiiustrates a speaker for use with. a ~arrier acco~ding to F~g. 3; 
. ' . . 

Fig. 5 iilustrat~s a_n int_egrated speaker and antenna element ca1!ier according 

to Fig. 3 with a speaker attached; •• 

Fig. 6 illust~ates a spacer member devised tor assembly with a device as • 
. . 

s~own in Fig. J; accprding to an embodim_ent of the invention; 

Figs 7 to 9 illustrate assembly ofth~ integrated speaker and ante~a element. 

of Fig. 5 with the spacer member of Fig. 6, in accordance with an embodiment of" 
. . . . 

··the invention; 

30. Figs 10 to· 11 illustrates how an assembled device as shown in Fig. ~ is 

mounted to a carrier, such as a printed circuit board PCB, in a,ccordance with an 
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embodiment of the invention; and 

Fig. 12 illustrates an elevated view of the assembled and mounted device of 

Fig. 11, in accordance with an embodiment of the inventio_n. 

5 Detailed description of preferred embodiments • . 

. The· pr~_sent description refeis to :collll1lunications terminals_ as.- a device in 

which to i~piement the speaker configuration according to the present in~ention. 

The communfoation_"tenninal i~cludes all mobile equipment devised for radio • 

communication with a radio station, whi~h radio station als_o may be a mobile 

• 10 terminal or e.g. a stationary base sta~ion. Consequently, the terni "c01;nmunication . 

terminal" in~ludes mobile phones,' pagers, communicators; electronic organisers, 

smart phont:s, PDA:s (Personal Digit Assistants), vehicle-mounted radio 

communication devices or the like, as w~ll as portable laptop computers. devised for • 
. . 

wireless co111111uni~ation in for instance WLAN (Wireless Lo~al Area Network). 

• ts Furthermore, sincf: the design and present invention is suitable for but not restricted_ 

to.mobile use, the term "commuriication terminal;' should also be understood as to 
. . . . . 

include any stationary device arrang~d for radio communication, such as for 

instance ciesk top computers, printers, fax machines_ and so on, devis~d to operate: 

with r~dio-communication with each other or.some other radio station. Hence, 

20 although the structure and ch~acteristics of the combined ante~a and sp~aker. 

design according to the invention is mainly described herein~ by way of example, in_ 

the i~plement~tion in_a m~bile phone;this i~ n~t to be interpreted as exclu~iing th~ - • 

implementation of the inventive design in other types of radio terminals, such as · • 
. . 

those listed above.- Furthermore; it should be emphasised that the terin "comprising" 

• 25 . or "comprises" ·when used in this description and in_the appende~ claims to indicate_ 

included features; ~lemeilts or_steps, is in·no way ~o be inte~reted as ex~luding the . 

presence ~f other features, elements or steps than those expressed or stated. . • • 

• Fig. 3 illustrates a basic device according to the invention, constituting a 

. : combined antenna elem~nt and. speaker ·carrier. A she_et ~f flexible fibn in ~ 
30 electrically non-conductive._ material is provided. The material is preferably some 

form of polymer, e.g. a polyimide such as Kapton®. The film has a ·first portion 31 
. . . . . .• 
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which preferably represents a major portion of the surface of the film. In tjie 

illustrated .exemplary embodiment, first portion 31 is· rectangular, but it may hav~ 
. . 

alternative shapes dependent on the _particular application. First portion 31 has a 

coating or layer of electrically cond~ctive material, such as copper, and first"portion • 

5 3 _I "represents an antenna element 31 for a radio antenna. In a preferred embodiment; • 

fir~t porti_on 31 is a singl~ and continuous conductiv~ area, usabl~ as a gr~und plane 

for a radio antenna. Alte~atively,.the first portion 31 may be· an active antenna 

element with_a.(not shown) structure defining resonance for suitable radio 

frequencies. This will be further _described below. 

IO . An aperture, or set of apertures, 32 is provided in said first portion 31. This 

aperture 32 represents ~n audio or sound transfer opening in the flexible film, for 

· the purpose of conveying sound waves from a speaker through the fiim. • 

A second,_ elo~gated, portion 33 of the film extends from a si~e of first 

portion 31. Second portion 32 has a substantially non-conductive surface. However, 

15 at least a first lead 34 is formed on th~-second portion 33, extending from a 
' . . . . 

proximal connection pad 36, located on ·the fil~-{ clos~ to first portion 31, but 
. . ', 

electrically insulated from the first portion 3" I. ·said first lead extends from said 
• -

proximal connection pad 36, along the e~tension of the se~pnd portion 33, to a 

dis~al connection pad 38 locat~d at an outer end 40 of the· second portion 33. 

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

• connection pads _3_6,37 to distal connection pads 3-8~39 at said outer end of the 

elongated seco~? po~ion· 33. Preferably both are ins~lated fr~m ~e first portion 31_, . 

though i~ one embodiment one of:the_ leads is connected to the first portion: 

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

25 _illustrated in Fig. 3, is manufactured by a coating, e_tching and cutting procedure·. A · 

flexible film of an insulating material_ is provided. The film is coate~, e:g. by means . 

of a suitable well known procedure, with a conductive ~aterial such as copper: The 

coating may be perform~d with a mask applied to the film or coating device, such 

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

30 preferred embodimenfthe coat is applied over the entire flexible film sheet 

Subsequently, selected portions of the conductive material are removed from the 
. . 
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film, to ~dine the first conductive surfa()e portion 31, and one ore .more leads 34,35 

and their connection pads. This step is preferably exercised by etching the 

conductive material using ·a suitable dry or wet etching method and a mask defining 

the desired pattern. Finally, the film is cut such that the elongated second portion 
• I • ~ • • • • 

• 5 carrying the leads, and the aperture 32; are shaped. ·Needless to say, plural structures . 

-like the one illustrated in Fig .. 3 may be shaped by coating and etching on a· single 
. . . . 

piece of ~exible film_, wherein said plural stru_ctures are separated in the subsequent 

cutting step. 

. Fig. 4 illustrates a speaker 41 suitable for use "".ith a device according to .Fig. 

10 3. In ~ccordarice with the invention, the lead 34 on the second portion 33 of the ·film . 

is preferably ~sed as a SJ?eaker signal ._lead. Consequently,-the outer end 40 of. 

second portio1:133 is adapted for connecti_on of a speaker,. such -as speaker 41. Fig. 4 

illustrates a back side of speaker 41 ~ and connectors 42~ 43 which are connectable to 
? • • • • 

speaker signal leads, preferably by soldering or thermo-compression. 
. . ' ·. 

15 Fig. 5 illustrates the devic~ according_to Fig. 3 when connected to speaker 41 

of Fig. 4; Distal connection pad 3_8, which ~-o.nstitutes a speaker connection pad 38, 

is conne_cted to speaker connector 42, whereas distal connection pad 39, which. 

C()nstitutes a speaker connection pad.39., is connected fo speaker connect~r 43.-The- . 

speaker 41_ may also be mechanically fixed to outer end 4_0, e.g. by clamping on the 

20 outer end 40 of the film. Fig. 5 illustrates ·a combined speaker ru::id antenna element 

50, representing a·single.component with two distinctly different technical features .. 
. . .. 

As will be described b_elow, th~ combined device according to Fig. S provides a · 

stru~ture with several advantages, as will become _clear. The _following description· 

defines the use of~e present_invention in a ra~io communication termin~l, and 
25 . particularly on the ~pplication of the· present invention in a mobile phone. ·However, 

. . . . . . ' . . . • 

_ . • ·as previously outlined, the present inven!ion_ is· not testr~~ted ·to this ti.el~, which is • 

• to be·regarded as a suitable application . 

. • ·. Fig. 6 illustrates an embodiment of a spacer eleme~t.61, ·adapted foi- use with 

the combined _speaker and ant~nna element ac_cording to the i_nvention. In a low 
. . 

30 profile, built in, radio anteruia for niobile communication, such as a i>IF A, the 

~tenna coi_nprises a substantially planar active ant~nna element and a ground plane. 
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Preferably, the active antenna element and the ground·plane are arranged at a 

certain distance ~oni each ·other, in order to provide a suitable bandwidth for the 

. antenna at predetermined frequencies. 1he spacer· 61 is made of a no~-conductive 

material, such as some form of plast~cs. It has an upper surface 62 to which the 

5 fl~xible film ts attachable, and in which upper surf~ce a ~ecess 63 ·is made.fo~: 

housing the·speak.er 4.1. In the illus_trate_d embodiment, the upper surface 6~ i_s 

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

• curved shape provides a suitable interface to the flexible film. The spacer further 

has spacing walls_65 projecting downwards_from the upper surface 62. At the . 

IO opposite side of upper surface 62, lower· edges of spacing walls. 65 define, togeth~i­

• with the lower edge of wall 64·, a lower plane s_ide of the spacer 61. One or more 
. . 

protruding engagement members 66 _ i_s/are formed at the lower side of spacer 61, for 

engagement with a support structure. • 

Figs 7 to 9 illustrate rrio~ting of the combined speaker a.iid antenna element 

. · 15 50-~fFig. 5 to the ~pa~er of Fig. 6, hi a·perspective ~iew, though the leads -~d-pads 

of the s~cond portion 33 are left out for the s~e of clarity~ The first portion 31 

carrying the ~onductive c~ating or layer is attached to 'Qie upper side 62 of spacer 

q I, preferably by 1:1$~· of a~ adhesive. The aperture 32 is oriented over the recess 63;. 
. . . . 

·and the film is pressed to the upper surface 62 such that it follows the· curved shape 

29 of~pp~r surface 62. In an alternative embodiment, wall 64 m~y be stl'.~ight, like 

. walls 65, but in that c_ase th~re will be ·an edge ~here wali°64 meets.·upper surface __ . 

• ·62. Such an embodiment '~ay be employed_ if the flexible film allo~s sharp foiding 

about an edge. 

As is evident from Fig. 8, a lowe~ost portion 81 of the :flexible film \Vill 

25 extend outside spacer ~ I when the film is attached ther_eto. This lowermost portion 

• 81 pref~rably includes a low~r· p~ of first .portion 31? and a proximal .part of second 

portion 33 including proximal connection pads 36,3?: Furthermore, second porti·on 
. • . . ·. 

33 ·preferably extends from this Iowen:nost portion 81. . • . 

Fig. 9 illustrates how speaker 41 has been placed in the recess_: 63, by use of 

30 suitable attachment means. When positioning speaker 41 under the first portion 31 

of the film, the second portion 3 3 is b·ent such ·that a fr~nt side· of speaker 41 faces • 
. . . . . . . 
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the first poi:f:ion 31, as is illustrated in Fig. 9. As a result in accordance with the 

. invent_ion, the spacing between two co.operating antenna element~ is not only_used 

for -providing sufficient band~idth to the antetina, but also f~r housing the speaker 

41, thereby als~ providing an acoustic resonance cavity_ for speaker 41. In Fig. 8,_ as 

5 well as in.Figs 3_ and _5, it h-as been.iilustrated.that the ei~ngated se-~ond portion 33 is 

not entirely straigh!, although it may be. Instead, second portion 33 has at least one 

bend in the plane of the film, in the "rested state. of th_e· film. The purp·o~e thereof is to 

suitably orient the elongated-·second portion 33 when -it is bent under a ··side edge of 

the first portion 31, such .that speaker 41 is positioned ~t the aperture 32. 

10 Figs 10 and 11 ·illustrates how the assembled d_ev~ce of Fig. 8 is attacl;ted to a 

support structure 100, for which only· a top end is shown. Support structure 100 is 

preferably a Printed Circuit Board (PCB) carried in a chassis or housing of a radio 

· communication terminal. The PCB 100 support~ the electronics of terminal~ though 
. . • . . 

not shown in these drawings. 

-15 In ~ ig. IO the supp~rt structure 100 is illqstrated separate from the assembled 

spacer;and flexible film. At 101 ·a cooperati~~ antenna element is indicated by.a 

dash~dotted line. Antenna eie~ent 1 QI c~operates, as previ~usly mentioned, in a 

. . manne~ well known to the skilled pers.ori, with the antenna element constituted by 

·the fi~st conductive portion 31. Thanks t~ spac~r 6i; antenna ~leme~t IOI° and fi~~t 

20 portion 31 ·ofthe film will be arranged at a certain distance from each other. 

:'.~ntenna element 10 I may be a ·ground plane to ·an active an~enna ~lement provided . · 

by firs_t portion 3·1. However~ in a preferred embodi~ent antenn~-element 101 is"an 

active _part of the antenna, having a suitabl~ pattern in a plane of the support 

structure such that resonance is established for predetermined radio frequencies. In 

· . 25- this pref erred emb?diment,· first portion 3 _l of the flejdble fiim provides the iound . 

plane for:the antenna . . 

One or more recessed engagement members 102'is/are formed in the support . 
. . . . . . 

structure, for engagement with the protruding engagement members 66 at the lower . 
. . . . '• . . . • •• . 

side of spacer 61. E~gagement of spacer 61 to_ support structure I 00 may be 

30 . achieved by ~ self-locking snap lock. 
. . 

A conductiv~ connection_ area I 03, 104 is further illustrated by d~shed lines in 
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. 13 

. Fig. 10, devised for ~onnectio~ with the lc,rweimost po~ioii _81 of the flexible film. 
. . 

Preferably, the conduct1ve_ first portion 31 of.the flexible film is ~onnected at 

lowermost portion 81 to a first sect~ort 103. of said connection· area. by hot bar 

• soldering. This way connectio~ between support structure 100 arid first port~on 31 is _ 

5 created along substantially the -entire width of first portion 31. In.a preferred 

. embodiment. an auxiliary ground plane (not shown) is provided in the support • 

structure: 100, in an internied1ate layer or ona surface thereof, which a~iliary_ 

ground plane is connec~ed to · the ground plane of first portion 31. at connection _area 

sectiori 103. This way, and particularly due to the wide connection·at connection · 

i0 area· 103, a large and -continuous ground plane is provided, which.will be.beneficial 
. . . . . 

to the performance of the_ antenna. The auxiliary ground plane may e~en~ a· limited 

portion of the length or°the support structure, but preferably substantially all the_ 

• way to a an end side of the sµpport structure 100, opposite the illustrated ·top erid. A 

seco~d section 104, -electdc~liy separate from first section 103, of the connection. 

15 area is: provided for connectio:i;i with the proximal connection pad 36, or separate_. 

connection t~ proximal conne~tion pa,ds 36,37 if there are plural leads 3·4, 35, ~f 

second portion 33·. The entire lowermost p~~ion _81 'is ·preferably ·attached to the 

designated sections 103,104 of said connecti~n are_a in a single hot bar soldering 

action. 

20 . -Fig. 11 illustrates the ·device according to Fig. 9 when· ass.embled to the .. 

·support structure .100, in accord~ce with the arrows in Fig. 10. . : 
. • . . . . . • . 

. • .. ~ig. ~2 shows a top view of the, assembled device ac~ording to Fig. 11. The . 

• . . . conductive first portion 31 of ~e flexible film extends into lowermost portion 81, at 

which it is connected to.the designated se.ction 103 of the connection area·on the . 

25 • support st~cture 100, and.preferably the auxiliary ground plane. Th~ second po!1ion •• •. 

33 ofthe_flexible film is.be~t ~ci fol~~d such that.sp~a~~r 4~, atta~hed to the. outer .• • 

. end 40 of second portion 33_, is placed behind ~perture 32. At said second section • 

I 04 of connecti~n area, proximal connection pads-~6,37 are connected to respective • 

connectors 126,127. Thes·e connectors· 1.26, i27 are,' in turn, connected to speaker . 
. . . • . . 

30 . control -circuitry 120 arranged on said support structure, devised to provide speaker' 

signals to speaker 41. . . •. 
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The present invention brings about_ several adyantages, thanks to the 

inventive idea to ~ount the speake~ inside the antenna cavity, ~here one antenna 
. . 

element and the speaker are carried by a common structure provided by a flexibl~ 

:. film. 

5 _. .First of all, the invention brings about space savings. A_ terminal or hous~ng, • 

• . implementing the invention, ·may be· designed with a thickness basically defined by 

the distance between the flexible film and the support structure, e.g. a PCB, since · • 

the thickness contribution from the speaker has been eliminated. Furthermore, even 
. . 

though .the antenna cavity 21 has been partly occupied by .the speaker, experimental _ 

10 laboratory tests on this design.have surprisingly shown that the presence of the · 

speaker will not result in reduc~d antenna performanc·e if tuned properly. The use of 

hot bar soldering will not lead to bulging solder pads, which also contributes to 

saving space. 

Second, a single component having plural functions, i.e. providing an_ 

• 15 antenna element, leads to a speaker, and pads for connecti<;m both to the speaker and . 

speaker control circuitry, provides a logistics advantage since fewer details _are · -. 

involved in the assembly.' ; . 

- .By the p~oposed design the.amount of ~etal in the ·vicinity°oft~e ante~a is 

minimised, since no extra contacts or wires _to the speaker are needed," and very little 

• 20 .• metal is included in the thin ~d-narrow leads formed o~ the film.This ~eans less· • •• 

negative impac~ on the performance of the antenna: 
. . 

Finally, the hot bar soldering along substantially the entire wi_dth of the 

. : antenna el~inent provided by first portion 31 on· the flexible film, ensures .a_.farge 

continuous groui-td plane with increased antenna performance .as a consequence. 

25 The foregoing has described the principles, preferred embodiments and 

m~des of op_eratioh of the present invention .• However, the above ·described· · 

embodime~ts should be reg~~ed as· illustrative rath_er than _restrictiv~, an9 it should 

_· be appr~ciated that variations may be made in those embodiments by those skilled 

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

30 the appended clainis. 
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Abstract 

A combined speaker and antenna arrangement for a comm~nication terminai, 

c_omprising • a support structure ( 100) carrying a first aritenn~ element ( 101 ), and a 
. 5 second antenna element (31) arranged at a predetermined distan~e ironi said first 

antenna eler1:1ent. Said second antenn·a elem~nt is a conductive first portion (31) of a • 

sheet of fle~ible fil~, and an elongated second.portion (32). of said flexibie film, 

carrying a conductive lead, e~tends from adjacent to said first p~rti~n to a speaker 

( 41) connected t~ an outer end of said elongated second portion. The _second, 

10 elongated, portion ·is .be~t ;uch that.~aid speaker is p~sitioned between said film and • 

said support structure, adjacent to an aperture in said first portion: 

(Fig. 11) 
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