10

15

20

25

1 DESCRIPTION LOUDSPEAKER, LOUDSPEAKER MODULE, AND
ELECTRONIC EQUIPMENT USING THE LOUDSPEAKER MODULE 5
TECNICAL FIELD The present inventioh relates to a loudspeaker and
loudspeaker module for use in various kinds of audio equipment and
telecommunications equipment, and to electronic equipment using this 10
loudspeaker module, such as i\}%@rﬂ@ﬁ pfiqne and game machine.
BACKGROUND ART A conventional art is described with reference to
Fig. 15. Fig. 15 is a sectional view of a conventional loudspeaker. As
shown in Fig. 15 15, magnet 101 is sandwiched between top plate 102

ah D YORS PEAK TR IMD&F 5 Heb KRR 816 Gifcui O EfeB/GRER(ON IC
in this magnetic circuit 104, frame 106 is connected. e peri f

tis. 2R LG MEH BSOS P R P s M
107, voice coil 108 is connected. Voice coil 108 is fitted in magnetic 20

gap 105 in magnetic circuit 104. Further, panel 109 is connected to the

T\gf@mﬁﬂf frape306. To this panel 109, substantially planar second
1a

phragm 110 is attached. Hermetic space 111 acoustically couples first
diaphrage pt@éent secendidiapteizgasl 16 o fowmd speddpeakerdl 1@udspeaker
Such a conventional art is disclosed in Japanese Patent Unexamjned
bkt No. 2893- 170988 stisantiR dsisef osuRie o grpment  and

te!:’ile\é%y}g?lgications equipment, and to electronic equipment using this

loudspeaker module, such as a portable telephone and game machine.

BACKGROUND ART

A conventional art is described with reference to Fig. 15. TFig.
15 is a sectional view of a conventional loudspeaker. As shown in Fig.
15, magnet 101 is sandwiched between top plate 102 and yoke 103 to
form inner magnet type magnetic circuit 104. To yoke 103 in this
magnetic circuit 104, "frame 106 is connected. To the periphery of this
frame 106, firstrdiaphragm 107 is attached. To this first diaphragm
107, voice coil 108 is connected. Voice coil 108 is fitted in magnetic
gap 105 in magnetic circuit 104.

Further, panel 109 is connected to the periphery of frame 106.
To this panel 109, substantially planar second diaphragm 110 is
attached. Hermetic space 111 acoustically couples first diaphragm
107 and second diaphragm 110 to form loudspeaker 113.

Such a conventional art is disclosed in Japanese Patent

Unexamined Publication Ne. 2003-179988, for example.

DISCLOSURE OF THE INVENTION
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2 According to an aspect of the invention, there is provided a
loudspeaker comprising: a frame coupled to a magnetic circuit; a first
diaphragm coupled to the outer periphery;of the frame; 5 a voice coil
coupled to the first diaphragm and partially fitted in a magnetic gap in the

magnetic circuit; a panel coupled to the frame; a space surrounded by the )
panel RaviHg THadiret- diaphragri-Gatipled (horeto! and 10 & Secor . ~heze  is
diaphizg@y cgapled te Me Space surregadat By tle panel, wherein the

frame is embég\dﬁda}%g 1@(@5@ H)%‘ead E E}gen e%?glqul}%;uﬂﬁj%z\ tfrhaargeais

coupled to the pane ing In thé panéla

diameter Sma”@@b@éﬂ'ﬂl@d@ﬂ@ﬁﬂ@”&@ﬁb%@fﬁ”@ﬁ@%@@eﬂ%@i@@%ry of the

larger than the outside diameter of an edge of the first diaphragm an
fittimgethe fit rib in the frame, or the panel is coupled to the second

diaphragm by a combination having at least pressure sensitive adhesive.
20 BRIEF DESTCRPBHONOFTHEDRANVIRG SiFR. disnlusdionandewartially
%f @elgudsgeake‘r in accardance with an _exemplary embodiment of the

BraSnthtention Fig¢ 2 i a Becliomarial of £idtdsfeaker in

accordance with 881 coupled to the frame;
a space surrounded by the panel having the first
diaphragm coupled thereto; and
a second diaphragm coupled to the space surrounded by
the panel,
wherein the frame is embedded in a recess formed in the
panel, or
the frame is coupled to the panel by forming in the panel a fit
rib that has a diameter smaller than the inside diameter of a flange of
the frame and larger than the outside diameter of an edoe of the first
diaphragm and fitting the fit rib in the frame, or
the panel is coupled to the second diaphragm by a

combination having at least pressure sensitive adhesgive.

BRIEF DESCRIPTION OF THE DRAWINGS
‘Fig. 1 is a sectional view of a loudspeaker in accordance with an
exemplary embodiment of the present invention.

Fig. 2 is a sectional view of a loudspeaker in accordance with an
exemplary embodiment.
Fig. 3 is a sectional view of a loudspeaker in accordance with an

exemplary embodiment.

Fig. 4 1s a sectional view of a loudspeaker module in accordance
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25 exemplary embodiment. Fig. 3 is a sectional view of a loudspeaker in
accordance with an exemplary embodiment. Fig. 4 is a sectional view of a
loudspeaker module in accordance 3 with an exemplary embodiment.

Fig. 5 is a sectional view of an essential part of electronic equipment in
accordance with an exemplary embodiment. Fig. 6 is a sectional view of a
loudspeaker in accordance with an 5 exemplary embodiment. Fig. 7 is a
wethional sdevwngfla guesgeakenimaccordance with an exemplary
embodiment. Fig. 8 is a sectional view of a loudspeaker in accordance

with ant d&entplafy BmbUdiRBAL 20%7Y. olis AsettrimiibwParg of electronic

l9jidspeaker in accordance iihan, exemalany smbodment, (g, 101s a
sectional view of a loudspeaker module'in accordance with an exemplary

embodimentsHig.l hds asestionakvisivol an essential-palt f @l egHaRic with an
15 equipment in accordance with an exemplary embodiment. Fig. 12 is a
sectiopbd xyeannb adoodspeaker in accordance with an exemplary

embodiment. Fig. 13 is a sectional view of a loudspeaker module in )
accordati€e Wil &n Aomal BrBoirelt vl i laarid aeceihangrrith an
of an e?sentiallépoart of ele%tronic equipment in accordance with an

SR BRI HERE

Fig. 8 1s a sectional view of a loudspeaker in accordance with an
exemplary embodiment.

Fig. 9 is a sectional view of a loudspeaker in accordance with an
exemplary embodiment.

Fig. 10 1s a sectional view of a loudspeaker module in
accordance with an exemplary embodiment.

Fig. 11 1s a sectional view of an essential part of electronic
equipment in accordance with an exemplary embodiment.

Fig. 12 is a sectional view of a loudspeaker in accordance with
an exemplary embodiment.

Fig. 13 is a sectional view of a loudspeaker module in
accordance with an exemplary embodiment.

Fig. 14 i1s a sectional view of an essential part of electronic
equipment in accordance with an exemplary embodiment.

Fig. 15 is a sectional view of a conventional acoustic coupling

type loudspeaker.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Now, the present invention 18 described with reference to first to
fourth exemplary embodiments.

Reduction in the thickness of a set incorporating a loudspeaker,
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Fig. 15 is a sectional view of a conventional acoustic coupling type

loudspeaker. 25 DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS Now, the present inver;ition is described with reference

to first to fourth exemplary embodiments. Reduction in the thickness of a

set incorporating a loudspeaker, 4 i.e. electronic equipment, such as a

portable telephone, is strongly requested in the market. Thickness

reduetiorn piallbudspaakers, essehtialtoreducsahdehickapdwofsuth strongly
electronic equipment. However, the conventiona] loudspea

ker ig of ,

DMLy BoPIRGE  BocANE TR USRIt b 10805 peaker is
éjslgg?lrt%gg]sft I isrgé%?h@d%g ifft%qléﬁ%%es%uc ftséﬂiglll(neesl% rﬂ@r{[ﬂ? eig%ipment
(0] i b :

viewpoin 8e5|gn. e present invention addresses the above pro

H-AHRS 1a Hrovigs, an qxerliens invspeafile joudsireaker dowdspRakes coupling

module, and electronic equipment using the loudspeaker module. 10
Agoordimtptaose ddpedoofdbpairksenhimyettion ditvgrb i gorovidédia extremely
loudspeaker structured sq that a step of a recess in a panel |s at least 0.3

AR chis e e b ERHE BB p A e L& A8 AV GNPl e 8 88me is

conneciad 10, e, papdl %heuﬁtiré‘ﬁrgf}ﬁ;ﬁ9e£’é8%“%‘é't b%%eF“r%B%ﬁ’et')x@lt%%d aims to
present invehtion, the dimension of the recess in- the panel can be

?ﬁ@i’lﬁ@ﬂ-ﬂb%@ﬂ%&ﬁ%%bﬁm61%_@(_1@@Bﬁ@?!sl'@ﬁ&éfﬁﬁ%w@?ﬂﬂbaule, and
rame is connected to the panel and minimize a decrease In the strength
efdtie panek ditgrnatively, smth e peekend dpvenkion, m dargkedimension to

According to one aspect of the present invention, there is
provided a loudspeaker structured so that a step of a recess in a panel
is at least 0.3 mm. This structure allows the step to be used as a
guide when a frame is connected to the panel, thus improving
productivity.

Further, in the present invention, the dimension of the recess in
the panel can be minimized. The recess can be used as a
high-precision guide when the frame is connected to the panel and
minimize a decrease in the strength of the panel.

Alternatively, in the present invention, a large dimension to
some degree is ensured for a recess in a panel to improve productivity.
By providing at least three projections for guiding a frame in the panel,
the projections can be used as a high-precision guide.

Additionally, the present invention can eliminate air leakage
between the panel and the frame, and thus ensures hermeticity in an
acoustically-coupled hermetic space and prevents vibrating noise.

Further, the present invention can improve design flexibility.

Further, in the present invention, even when a display is

disposed under a second diaphragm, the display is visible through a
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By providing at least three projections for guiding a frame in the panel,

the projections can be used as a high-precision guide. Additionally, the

present invention can eliminate air leakage between the panel and the

frame, and thus ensures hermeticity in an 25 acoustically-coupled

hermetic space and prevents vibrating noise. Further, the present

fmuenticirean iniprove tesigrafteibilithe FupHerdntihe presknkinyventidrgize of a
even when a display is disposed under a second diaphragm, the display

T8 Visibfe MrcUGHTE S traRGHIEINh, wHR SatPidrier dedgedtie and improve
itpickne ea%{r}%ﬁil e c%fhaer@&dule or electronic equipment using this

oeusc]igf)lea er, an 3|rmprove design flexibility thereof. According to another

aspect gf.thg @rgsent 'Wﬁ@%‘&@r_t%%ﬁ%ét 2 Prevides:d leudspaaker eduifere is
structured so that the second diaphragm of the loudspeaker covers a

front faed ofathd dispigne alitis  strucfurb:cantnedeicerthe thickndss andisizesecond
of the display and loudspeaker to form an integral module. According to a _
firpsragpectiof ife redenembention wera israntpfasried sketdsrlay. This

equipment including the loudspeaker module and, an.operating part, Thi

R Lt S RS Yi58  of He Athonic SRt pifay and
FXeeplark emodipents:ot e prasenbipyeption are described
hereinafter with reference to the accompanying drawings. 15 FIRST

EXEMPAARYIEMBOQDEVENTher aspect of the present invention, there is

provided electronic equipment including the loudspeaker module and
an operating part. This structure can reduce the thickness and size
of the electronic equipment.

Exemplary embodiments of the present invention are described

hereinafter with reference to the accompanying drawings.

FIRST EXEMPLARY EMBODIMENT

The first exemplary embodiment is described hereinafter. Fig.
1 is a sectional view of a loudspeaker in accordance with an exemplary
embodiment of the present invention. As shown in Fig. 1, magnet 121
1s sandwiched between top plate 122 and yoke 123 to form inner
magnet type magnetic circuit 124. To yoke 123 in this magnetic
circuit 124, frame 126 is connected. To the periphery of this frame
126, the outer periphery of first diaphragm 127 is bonded. To this
first diaphragm 127, one end of voice coil 128 is connected. The other
end of voice coil 128 is fitted in magnetic gap 125 in magnetic circuit
124.

Further, recess 129A is formed in panel 129. In this recess

129A, frame 126 is embedded. Coupling substantially planar second
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The first exemplary embodiment is described hereinafter. Fig. 1is a

sectional view of a loudspeaker in accordance with an exemplary

embodiment of the present invention. Asgshown in Fig. 1, magnet 121 20

is sandwiched between top plate 122 and yoke 123 to form inner magnet

type magnetic circuit 124. To yoke 123 in this magnetic circuit 124, frame

126 is connected. To the periphery of this frame 126, the outer periphery
dffipsticigphraghh 127 lsibapried] TiethisifirsteiaphtagmpkRz dilendosfstically
voice coil 128 is connected. The other 25 end of voicg coil 128 is fitted in

RAGHEGC HAFY 2B APREGRBC Lrdui 294 SRR, rfé%?e%l 55K iskotndg form

in panel 129. In this recess 129A, frame 126 is embedded. Coupling
isoul‘gtg%é)r?t?Gla Ef/rprlﬂairll@air second 6 diaphragm 130 to this panel 129 via

hermetigyspacent3l agustically fauplesfirstdiaphragma2ihaghseqondg and
diaphragm 130 to form loudspeaker 140. With this structure, forming

tecbssl dR9A fnparell 220 iandhbsentvedding2ffaineal? 6 é¢nl this rédeesshickness of
129A can reduce the thickness of an acoustic coupling type loudspeaker

RIS WhbiBiSPREIETE tRRgiteHAMP CeEat by R EBAtRTIRRE’E BHh

be ensuied for panel 129, unecessaps resonance. SN0l caused Y RANEl 4. for
129. Thus, excellent’ frequiency characteristics can be obtained.

Fhtber; this ipysrtuerda siructyret se.thad avsierohieeesy afeinpamel Thus,

129 is at least 0.3 mm. In this structure, a step of at least 0.3 mm is
erselbthfofregesn i Pk i pahet 28 Therstbp oandimagsed as a guide
when frame 126 is connected to panel 129, and thus

Further, this invention 1s structured so that a step of recess
129A in panel 129 1s at least 0.3 mm. In this structure, a step of at
least 0.3 mm 1is ensured for recess 129A 1n panel 129, The step can be
used as a guide when frame 126 is connected to panel 129, and thus
the productivity of an acoustic coupling type loudspeaker is improved.

Additionally, in the present invention, recess 129A is formed in
panel 129 so as to conform to the outer peripheral shape of frame 126.
This structure can minimize the dimension of recess 129A in panel 129.
The recess can be used as a high-precision guide when frame 126 is
connected to panel 129 and minimize a decrease in the strength of
panel 129,

This invention is structured so that first diaphragm 127 is
smaller than second diaphragm 130. Further, in this exemplary
embodiment, first diaphragm 127 is provided within the range of
second diaphragm 130 from the planar viewpoint. This structure can
further reduce the size and thickness of the loudspeaker and improve
design flexibility thereof even when large second diaphragm 130 is

used.

Additionally, in the present invention, second diaphragm 130 is
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the productivity of an acoustic coupling type loudspeaker is improved. 15
Additionally, in the present invention, recess 129A is formed in panel 129

so as to conform to the outer peripheral shape of frame 126. This

structure can minimize the dimension of recess 129A in panel 129. The

recess can be used as a high-precision guide when frame 126 is

connected to panel 129 and minimize a decrease in the strength of 20

peaet 120 shisistidvieatibrais srartured donthat Virsthdiabhsag uguge, designing
smaller than second diaphragm 130. Further, in this exemplary )
EMBBARTETE fiPsgtlBi%pﬁ?ﬁgWis‘ﬁ? et ﬁ@iﬁ%‘e braduoeent film

diaph 130 f the, pl ' int.. This st f
ertg%vg?t rl'gesi%%n%rl g]r%ﬁllgk%:@r?%%ﬁe 1 anéig&%’ﬁ%“&%%?”;@%g ry%%rn through

the loudspeaker and improve design
fiexiginthereof aygn whgpdaroersecand siaptragna 43008 Hselnged not only
Additionally, in the present invention, second diaphragm 130 is 7 made of
bhbeetdikealbnsparéntdiifacifithl thisstongure hdesigaimge omporettsn.  This

using the space under this sheet-like transgarent film_allows the

EBRMSGHERLS tmder e frandptreittintho rPRFbGgRe the i Ipgrspeaker,
this,reason, the components.can, be arranged not only 5 horizontally but
EHLAohy i TR B ton kLB I B Yt sccond
the thickness g size of the loudspeaker, and improve design flexibility

thereof even in the use of large second diaphragm 130. Further, in the
presentihweiition, paneili® fs rade: ofi 1 Odreansparepe malteri? OWith thisade of

structure, using second diaphr_a%m ) ) )
transparent material. With this structure, using second diaphragm

- 130 made of the sheet-like transparent film and designing components

using the space under this transparent panel 129 allows the
components under transparent panel 129 to be seen through the panel.
For this reason, the components can be arranged not only horizontally
but effectively using the vertical direction. This structure can further
reduce the thickness and size of the loudspeaker, and improve design
flexibility thereof even in the use of large second diaphragm 130 and

panel 129.

SECOND EXEMPLARY EMBODIMENTS

The second exemplary embodiments are described hereinafter.

Figs. 2 and 3 are sectional views of loudspeakers in accordance
with exemplary embodiments of the present invention. With
reference to Fig. 2, what is different from the first exemplary
embodiment is that recess 129A in panel 129 has at léaSt three
projections 129B for guiding a frame.

With this structure, a large dimension to some degree is

ensured for recess 129A in panel 129 to improve productivity. By
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130 made of the sheet-like transparent film and designing components
using the space under this transparent panel 129 allows the components
under transparent panel 129 to be seen g;nrough the panel. For this
reason, the components can be arranged not only horizontally 15 but
effectively using the vertical direction. This structure can further reduce
the thickness and size of the loudspeaker, and improve design flexibility
herenteven inlthestisd of taigensecoinc didphdd) fio 1 30adth pandt 429 20 panel
SECOND EXEMPLARY EMBODIMENTS The second exemplar
eibotinantsiars Wescapadserssafitas Figssh and 3 sirnssedonal views
of loudspeakers in accordance \Iéjth exemplary embodiments of the

o

presentinVemion. Wit P8r8réRce 18 Fiy. 2 WRAER it o ROWHE filgructured
exemplary, 49 embedipent is fhat recess 1294 in.panehi129 has alleast 1294 in

three projections 129B for guidihg a frame. With this Structure, a large

gimensiondo stmeldedieedsrensured rdects i 23 cepaddlckd9door sealing
improve productivity. By 8 providing at least three projections 129B for
gaieitly B3ffarna ialpamsia 123 ithéoprbjegtidnetoatebensedlab2f and frame 126,
high-precision guide. Further, as shown in Fig. 3,.the present invention i

Rt S0 B HMes RIS LERIng BEERYAAS Y apblecPtt R 1Ly -coupled
BERM 2 RAnel1e9: Wi i skugigdbe @fiechafbe adhesive of

sealing agent 132 can eliminate air leakage between panel 129 and frame

126, anddhusensiyesisufficighithesmdtiedyinataysticallyccoitptedoupling type
hermetic space 131 and prevents vibrating noise.
loudspeaker 140 can be improved.

THIRD EXEMPLARY EMBODIMENT

The third exemplary embodiment is described hereinafter.

Fig. 4 1s a sectional view of an essential part of a loudspeaker
module in accordance with an exemplary embodiment of the present
invention.

Fig. 4 shows a loudspeaker module structured of at least display
141 and loudspeaker 140. In this loudspeaker module 150, second
diaphragm 130 of the loudspeaker is disposed in front of display 141 to
cover display 141.

At this time, second diaphragm 130 is made of a transparent
film sheet. Panel 129 is also made of transparent material. With
this structure, providing display 141 in the space under the
transparent film sheet to modularize these components allows
components under the transparent film to be seen through the film.
This structure can reduce the thickness of an acoustic coupling type
loudspeaker module. Further, modularizing in this manner can

reduce the steps in production of sets and achieve streamlining in the
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As a result, the quality and reliability of acoustic coupling type 10
loudspeaker 140 can be improved. THIRD EXEMPLARY EMBODIMENT
The third exemplary embodiment is descgibed hereinafter. Fig. 4 is a
sectional view of an essential part of a loudspeaker 15 module in
accordance with an exemplary embodiment of the present invention. Fig.
4 shows a loudspeaker module structured of at least display 141 and
idagspefierrt40likt thisuoudspeaker moggmestheassid diaphragm 130

of the lqudspeaker is dispased in front of display 141 to, 20 cover displa
141, ACHI e, BEEGHA AAbhradH 130 Ihmetltiobs FHRBBRSELRIRFLY under

EhecEasl 129, A made of ransparen meAI M RIS SUHCYE. wndor

providing In the space under the transpar IIm sheet to
madulgrzedhesecampanentsaliows a eompenampunder the

transparent film to be seen through the film. This structure can reduce the
thickness of an acoustic coupling type loudspeaker module. Further,
modularizing in this manner can_reduce the steps in production of sets

ERYABAE M&HM% W@@QQWI&\I}G distribution, thus reducing

the cosip Now, in odule 150, display 144 canbe, disnased reety Hdgr.,
the transparent film sheet,’.e. secon lapnragm 130, or under

transpatsiyt pgngd 129: astshawn inithis example ERWRTHart of a portable
EXEMPLARY EMBODIMENT

telephone incorporating a loudspeaker module in accordance with an
exemplary embodiment of the present invention.

Fig. 5 shows portable telephone 151 structured of loudspeaker
module 150 having at least display 141 and loudspeaker 140, and
operation part 142,

Fig. 5 shows portable telephone 151 structured of loudspeaker
module 150 described in the third exemplary embodiment. The
essential part of the portable telephone i1s structured by combining
loudspeaker module 1560 with case 152, and connecting operation part
142 beside loudspeaker module 150.

With this structure, providing display 141 in the space under
this sheet-like transparent film, 1.e. second diaphragm 130, and the
transparent panel and providing operation part 142 beside these
components can reduce the thickness and size of portable telephone.
151 and improve design flexibility thereof.

In this exemplary embodiment, application in a portable
telephone 1s described. However, the applications are not limited to
this exemplary embodiment. The loudspeaker module can be used in
portable audio and visual equipment, and further find wide

application in electronic equipment, such as a charger for the portable
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The fourth exemplary embodiment is described hereinafter. Fig. 5is a
sectional view of an essential part of a portable telephone incorporating a
loudspeaker module in accordance Withlagp 10 exemplary embodiment of
the present invention. Fig. 5 shows portable telephone 151 structured of
loudspeaker module 150 having at least display 141 and loudspeaker
140, and operation part 142. Fig. 5 shows portable telephone 151
strdcturettiof leuddpegker miShodule 150 described in the third exemplary
embodiment. The essential part of the portable telephone is structured by
combining loudspeaker module 150 with case 152, and connecting

operati rt 142 beside Joudspeaker module 150. With. tljis structure .
orovidiog DEp L EL T SR Thdbr SO AN AN By o fifeh

filmehgrsecendliaphragpEe, apdithe transparent panel and providing
operation part 142 beside these components can reduce the thickness

and siz& ht postabtentelephbrie utbd andt émpreovefdesigraftexibility thereding type
In this exemplary embodiment, application in a portable 25 telephone is
teeitbiats Hovreva aihBrasincatidng afe Mot IRAREL tosRRCexmpRrypling the

RN 4GB rent! SAA90Aor TRG WS SHOTGATRR BlestameC] (i Heoustic

¢ ¢
ind wide apﬁllc

éaaiﬁrwt,%w a3 AEhieagiior the, Pejtabls, 10, audip and Visvaly o sufficient
equipment. Next, the present invention is described with reference to fifth
fctentht exemplanhenhkediraentspace between the two diaphragms.

However, variations in the precision of parts, and variations in
production may inhibit sufficient hermeticity in a hermetic space and
cause air leakage. In this case, air leakage inhibits sufficient
hermeticity in a hermetic space, thus posing a problem of
deteriorating acoustic coupling between two diaphragms and acoustic
characteristics.

The present invention addresses this problem and aims to
provide an excellent loudspeaker capable of ensuring sufficient
hermeticity in its hermetic space to achieve excellent acoustic
characteristics.

In the present invention, the effect of a fit rib in a complicated
shape prevents air leakage, improves hermeticity, and ensures
sufficient hermeticity in a hermetic space having two diaphragms.
Thus, a loudspeaker having excellent acoustic characteristics can be
achieved.

Alternatively, in the present invention, pressure sensitive
adhesive or adhesive can fill the gap between a panel and a frame and
further improve hermeticity. Further, air leakage can be eliminated

and vibrating noise can be prevented.
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5 The conventional loudspeaker is of the acoustic coupling type including

two diaphragms and a hermetic space for coupling the diaphragms.

Therefore, the acoustic characteristics oﬁthis acoustic coupling type
loudspeaker can be ensured by ensuring sufficient hermeticity in the

hermetic space between the two diaphragms. 10 However, variations in

the precision of parts, and variations in production may inhibit sufficient
hermetisitieirna bisredstic spdre preks causa siridakagedmihistedsefidiing a gap
leakage inhibits sufficient hermeticity in a hermetic space, thus posing a _
Probléim ‘&%ﬂ@l’étiﬁ@cﬁéo&@ﬁ(‘}v%%lﬁg BiEer o ﬂia%ﬁ?ﬁ%m‘@‘ghd sealing

seausti, 19 enacaciersiies) e presenyinvention Addipsseabis, problem
and aims'to” provide an excellent foudspeaker capable of ensuring

sufficient, besmaticity im s haunetis srace i Achigvr exaalleniarousticand size
characteristics. 20 In the present invention, the effect of a fit rib in a

chriiplichted! shapkqrevedisaimledkage; impleveshermetiviy prasult using this
ensures sufficient hermeticity in a hermetic space having two
HHgERMC I TADS BIgUdssedret snfifg sheldngnthewtic
charactﬁﬂ%%%selqanige t%cehlevged.QZ% A&t&(rnatlvelﬁ,hln thg I%r%stQtn inyention

\ res e1t ev 1splay 1s
pressure sensitive adheswé)or adrllleswe can *ﬁ)' e gap etween a panep y

ang adtameand: Wrthelmprovg, ReHBetiCHh S URBST A 9i ledkaga camBSugh the
eliminated and vibrating noise can be prevented. 11 Alternatively, in the
preseptinventidhmconipletely-fillifigrdlgap reduce the thickness and size of a
module or electronic equipment using this loudspeaker, and improve
design flexibility thereof.

Further, in the present invention, even when a display is
disposed under a panel, the display is wvisible through a second
diaphragm made of transparent film and the transparent panel. This
can further reduce the thickness and size of a module or electronic
equipment using this loudspeaker, and improve design flexibility
thereof.

Further, electronic equipment of the present invention has the

loudspeaker module and an operation part. This structure can reduce

the thickness and size of the electronic equipment.

FIFTH EXEMPLARY EMBODIMENT

The fifth exemplary embodiment is described hereinafter.

Fig. 6 is a sectional view of a loudspeaker in accordance with an
exemplary embodiment of the present invention.

Ag shown in Fig. 6, magnet 221 1s sandwiched between top plate
222 and voke 223 to form inner magnet type magnetic circuit 224. To

yvoke 223 in this magnetic circuit 224, frame 226 is connected. To the
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in the connection faces between a frame and a panel with sealing agent
can eliminate air leakage, and prevents vibrating noise. The present
invention can further reduce the thicknE3s and size 5 of the loudspeaker
and a module or electronic equipment using this loudspeaker, and
improve design flexibility thereof. Further, in the present invention, even

when a display.is dispos ' o IS '
D e Ohoh e EEE it T T B S R e 227
isaRAgize of @ ARIdulgiepRiesHODT R iRreadt S5 disdaldspeaker,
and improve design flexibility thereof. Further, in the present invention,
coemereveen dldisplaghisr dispbsddwmiaer aquan2f dhesdBptay iswvisitdgnetic gap
%gOU h a second diaphragm made of transparent film and the
2 (PR pARSRER SN s can further reduce the thickness and size of a

module or electranic _equipmept using.this Joudspeaker, and impro

desig _W%%’(ﬁﬁtyrm&gg?%%ﬁ%%,rel?%g%rgg% é%j%?nn%%f{ oft aﬁlr‘c‘éisgr?tg 80 as to
hivention;has dhe . loudsneaker moduls, and a6 gperation Past BliSring-shaped

structure can reduce 20 the thickness and size of the electronic

fleaupmeoh Rl T XEMBLARY IEMBEDIMENThEheifth dxelhplasger of edge
embodiment is described hereinafter. Fig. 6 is a sectional view of a

295 fdofetiket idigarbraaiveidith af REekdniphry tdbosifitbihdrame 226

present invention. As shown jn Fig,.§, magnet 221 is sandwiched betwee
(o GHRRESEER YT SO forrd MGy mSGHRLE 50 MAURERE Bl Plener
s&Bha MR AL RIS MagNeRtCIfUh 2P BAMe 22G18,5A0RREA0AEE 231
acoustically couples first diaphragm 227 and second diaphragm 230 to
form loudspeaker 240.

With this structure, the effect of fit rib 229A in the complicated
shape can preveﬁt air leakage, improve hermeticity, and ensure
sufficient hermeticity in hermetic space 231 having two diaphragms.
Thus, a loudspeaker having excellent acoustic characteristics can be
achieved.

Further, in comparison with the conventional art, because this
embodiment has a ring-shaped recess in panel 229, the wall of panel
229 formed by this recess can be reinforced by the fit with flange 226A
of frame 226. Thus, fit in the more complicated shape can be formed.
Thig fit can prevent air leakage, and further improve hermeticity also
‘in this recess in panel 229. This structure is useful to improve the
acoustic characteristics of the loudspeaker.

This invention 1s structured so that first diaphragm 227 is
smaller than second diaphragm 230. Further, in this exemplary
embodiment, first diaphragm 227 is provided within the range of

second diaphragm 230 from the planar viewpoint. This structure can
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12 periphery of this frame 226, the outer periphery of first diaphragm 227

is bonded. To this first diaphragm 227, one end of voice coil 228 is

connected. The other end of voice coil 228 is fitted in magnetic gap 225 in
magnetic circuit 224. 5 Further, ring-shaped fit rib 229A is formed in panel

229 so as to have a diameter smaller than the inside diameter of

ring-shaped flange 226A of frame 226 and larger than the outside

Bientteter wfdadue the7 Alee firstdiahrhges229t Thie fie vl sporkierfinedlinmprove
frame 226 for engagement therewith. Then, coupling substantially planar | .
46 SbriF FHP R 237 trﬁg%%n@-lgﬁ@ Ji%rﬁ@rrﬁéﬁel@éagé ragm 280 is

a%%Ldstically couples first diaphragm 227 and second diaphragm 230 to
form loudspeaker 240. With this structure, the effect of fit rib 229A in the

complicpied rshapecahrreyentalileakaae tipprove bermelsiy ke m 230 is
ensure 15 sufficient hermeticity in hermetic space 231 having two
dizptr aginshtud; ladotidspenker havinlpexcellenhatbastistevartacterisfiesigning
can be achieved. Further, in comparisqn with the conventjonal art,

BOERRRBARIS ehbBEInIdIt L Fing RiEbebtecaie it paKel 258 ARG Him
%ﬁf’o%‘%ié% %%%1&%(5@1%%?/ _#ﬂl'lsd{aehi%ﬁs Ctall"%g% rglpg%r{icigfg{gy E'?‘Iebfg Vggg% é‘,hrough

ange us, fit in the mor complicated shape can

farmedmT hisfi-canirrevanialr leakagenapnehfurber improve harmeticitynot only
also in this recess in panel 229. This structure is useful to improve the ‘
dooustia chiapacievistice 6 thevielidspeakey. 2hThigantendbn bistetdimed This
so that first diaphragm 227 is ) )

gtructure can further reduce the thickness and size of the loudspeaker,
and improve design flexibility thereof even in the use of large second
diaphragm 230.

Further, in the present invention, panel 229 1s made of
transparent material. With this structure, using second diaphragm
made of the sheet-like transparent film and designing components
using the space under transparent panel 229 allows the components
under transparent panel 229 to be seen therethrough. TFor this
reason, the components can be arranged not only horizontally but
effectively using the vertical direction. This structure can further
reduce the thickness and size of the loudspeaker, and improve design

flexibility thereof even in the use of large second diaphragm 230 and

panel 229.

SIXTH EXEMPLARY EMBODIMENT

The sixth exemplary embodiment is described hereafter.

Fig. 7 is a sectional view of a loudspeaker in accordance with an
exemplary embodiment of the present invention. With reference to

Fig. 7, what is different from the fifth exemplary embodiment is that
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smaller than second diaphragm 230. Further, in this exemplary

embodiment, first diaphragm 227 is provided within the range of second
diaphragm 230 from the planar viewpoirg4This structure can 13 further

reduce the size and thickness of the loudspeaker and improve design

flexibility thereof even when large second diaphragm 230 is used.

Further, in the present invention, second diaphragm 230 is 5 made of

Bhesstlike tragwpHratt filas W ithvhis SBRictare, Aedigring: c@mpén@ﬁutgd to the

using the space under the shegt- I|k rent film a
CRROHENS GAGter B4 WaREpArent 1 %%%és%nﬁﬂib#glﬁ o fil d5pme 226,

#eﬁe?-ﬁﬁ’é‘ -dhgcampon Eissd‘é%’%@esQH ged notienly.hogzon “yat&-éieswe can

ctively using the ver rection T is 10 structure can further reduce

the thigkness andize of fhaloudspeaked andimprove desiyneilexiilityimprove

thereof even in the use of large second diaphragm 230. Further, in the
bresentinvontion, panel 229 is made of transparent material. With this
structure, using second diaphragm 15 made of the sheet-like transparent
film and designing components using the space under transparent panel

é%ﬁ»ﬁ_ﬂﬁ;@&p@ &ﬂ{; anel 229 to be seen
erethroug iS reason, components can be arranged not only

horizonally But affectivelniisingthaveainahdirrction < Ebis ISHAI iU 68k r.
further 20 reduce the thickness and size of the loudspeaker, and improve

design exildlity thermdfievend mitw ofedbladgrsedond diapbragdadd0 with an
and panel 229. )

exemplary embodiment of the present invention. With reference to
Fig. 8, what is different from the fifth exemplary embodiment is that
pressure sensitive adhesive 234 or adhesive 1s applied to the
connection face between frame 226 and panel 229. With this

structure, pressure sensitive adhesive 234 or adhesive can fill the gap

between panel 229 and frame 226 and further improve hermeticity.

EIGHTH EXEMPLARY EMBODIMENT

The eighth exemplary embodiment is described hereafter.

Fig. 9 is a sectional view of a loudspeaker in accordance with an
exemplary embodiment of the present invention. With reference to
Fig. 9, what is different from the fifth exemplary embodiment is that
adhesive or sealing agent 233 is applied to the connection face between
frame 226 and panel 229. With this structure, completely filling the
gap between frame 226 and panel 229 with the adhesive or sealing
agent 233 can eliminate air leakage and prevent vibrating noise.

The adhesive or sealing agent 233 used in the present invention
is described. Generally suitable adhesive is those based on rubber,

acrylic, or polyurethane in which a large solid content remains after
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SIXTH EXEMPLARY EMBODIMENT 25 The sixth exemplary embodiment

is described hereatfter. Fig. 7 is a sectional view of a loudspeaker in

accordance with an exemplary embodiment of the present invention. With
reference to Fig. 7, what is different from the fifth exemplary embodiment

is that 14 pressure sensitive adhesive 232 or adhesive is applied to the
connection face between fit rib 229A in panel 229 and frame 226. With

tthis stldctareepresduredsensiivet bethedive 222 ot adhtlsivaxan finag a small

gap between panel 229 and frame 226 and further_improve 5 hermeticity. . _
@WWO@XE"M@EAﬁﬁ &B@Bﬁ\ﬂéﬂi"?ﬂé'sev ﬁsex@mﬁlal@/{n adhésive is

ef%b%g%rgent is described hereafter. Fig. 8 is a sectional view of a
oud:speaker in accordance with an 10 exemplary embodiment of the

preseniRyantiany Withiigieseneglio &igg 8nwhat is differant domthiediih rubber
exemplary embodiment is that pressure sensitive adhesive 234 or

adhédilze i @ppliett toythe. connection face between frame 226 and panel

229. With this structure, pressure sensitive adhesive 234 or adhesive can

fill the gap 15 between panel 229 and frame 226 and further improve

N%ES]FC?_PE( Eﬁﬁiﬁﬁ%%ﬁ@%\iw IMENT The eighth exemplary

embo |mer}1% is described heréafter. Fi1g. 9 is a sectional view of a

loudspepker iR AGcERGE Mith AR 2R exRIMRIALY RIBESEH e HAEM frer.
present invention. With reference to Fig. 9, what is different from the fifth
exempl&ig ehbadimest isithas | adivesive onseslirgragenp233 isfapplieditpeaker
the connection face between .

module 1n accordance with an exempiary embodiment of the present
invention.

Fig. 10 shows a loudspeaker module structured of at least
display 241 and loudspeaker 240. In this loudspeaker module 250,
second diaphragm 230 of the loudspeaker is disposed in front of
display 241 to cover display 241.

Second diaphragm 230 is made of a transparent film sheet.
Panel 229 is also made of transparent material. With this structure,
providing display 241 in the space under the transparent film sheet to
modularize these components allows components under the
transparent film to be seen through the film. This structure can
reduce the size and thickness of an acoustic coupling type loudspeaker
module and improve design flexibility thereof. Further, modularizing
in this manner can reduce the steps in production of sets and achieve
streamlining in the stage of parts distribution, thus reducing the cost.

Now, in module 250, display 241 can be disposed directly under

the transparent film sheet, 1.e. second diaphragm 230, or under

.transparent panel 229, as shown in this example.
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frame 226 and panel 229. With this structure, completely filling the gap
between frame 226 and panel 229 with the adhesive or sealing 25 agent
233 can eliminate air leakage and preve%vibrating noise. The adhesive
or sealing agent 233 used in the presentiinvention is described. Generally
suitable adhesive is those based on rubber, acrylic, or polyurethane in
which a large solid content remains after 15 the adhesive is dried and
TEedT e KROS/dT iifeRyp & NeBid d BhlkN Tomposition ratio of diluting
solvent. This type of adhesive is effective. Generally suitable sealing

agent istABSE BASeAFSABURT FubBE? 08 BREMheshaEfMEG P IR fter
EXEMPLARY. IJEMBODIMEENT The ninth e rgBIa%S%rH??ﬁiment is

describéed gierlelnéﬁeerl. Ig%c_ 19458 %’;1 <éctional view of an esserf%i%‘tﬂhi)a?if of aportable

{QudspeAker 1 MAdue: KAGCOHANGE Ik 2Ng¥amRIaTY eebefiMeRkOlvith an

the present invention. Fig. 10 shows a loudspeaker module structured of
akeast] gisplaynPdddanc: loudspeaker 246: dp this joudspeaker mbdgle 11 shows
250, second diaEhragm 230 of the loudspeaker is disposed in front of 15

HRpap 1 te digpldy dancsuesddefiatitdgreado s madalks 250 having
SETRRCRISIeR Fentl e s s mads o spa el o
transparent fim giieett M@ri@%ﬁmr@mﬂ%%eﬂm@d of loudspeaker
components under the 20 transparent film to be seen through the film.

Mud sfeici®cadescribed in the fifth exemplary embodiment. The
essential part of the portable telephone is structured by combining
loudspeaker module 250 with case 252, and connecting operation part
242 beside loudspeaker module 250. With this structure, providing
display 241 in the space under this sheet-like transparent film, i.e.
second diaphragm 230, and the transparent panel and providing
operation part 242 beside these components can reduce the size and
thickness of portable telephone 251 and improve design flexibility
thereof.

In this exemplary embodiment, application in a portable
telephone 1s described. However, the applications are not limited to
this exemplary embodiment. The loudspeaker module can be used in
portable audio and visual equipment, and further wide application in

electronic equipment, such as a charger for the portable audio and

visual equipment.

Next, the present invention is described with reference to
eleventh to thirteenth exemplary embodiments.
The conventional loudspeaker is of the acoustic coupling type

including two diaphragms and a hermetic space for coupling the
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reduce the size and thickness of an acoustic coupling type loudspeaker
module and improve design flexibility thereof. Further, modularizing in this
manner can reduce the steps in produdipn of sets and achieve
streamlining in the stage of parts distribution, thus reducing the cost. 25
Now, in module 250, display 241 can be disposed directly under the

transparent film sheet, i.e. s gond diaphragm,230, or under trarfls&?rent »
Snihie. %%Eﬂlﬁﬁﬁﬁ\}ﬁiﬁqg 15 acoustic

EMBODIMENT The tenth exemplar j “ﬁ ﬁ!? ' reinafter.
CeY F iSF %I\e{SH ﬁg%ilgéevz\f/% arﬁgeggéﬁt%?%%a po a?t%lgﬁgei%%?hone
hYERERRAINY Rdordsneakesdiedn assarantaiaaRsd exemplary
embodiment of the present invention. Fig. 11 shows por?able telephone
251 stiictsirac of loadspeaker nodpeoZBochaving satdbagtdisplay apunt and
and loudspeaker 240, and operatiQn. part 242, _Fig. 11 shows portable
DRIEHHB %P%%@éh@%%%&ﬁ@é&%ﬁ {9@12%%%‘8%%%% iR the fifth -
exemEJﬁ%rg embodiiinent. T;ﬁe % ential part of the portable telephone is
NSRS G ARAF R iﬁﬁlﬁ%u&%pea F module 250 with case 252, and

Conneﬂia!gi@fbeﬁﬁtligﬂ Rat.g42Hesida Ipudeneakenhmadulei250 s WAth thisre are

structure, providing display 241 in the space under this sheet-like

Jisaiashsme ihfile, iioseduhe didphrdgmn @30 mheomtentarspdbesipanel

and providing 15 operation part 242 beside these components can reduce
dhosizéciad Wickntss siflgb cabienekghairing méad aalpreive design
dﬂe'XIdt.)I“ty hereof. In this ex 'inp!ﬁ{)é embodiment agggc%tifonsﬁr? étg@é)l% £ this

ried dand cured 1s sma gap geneta
adhesive causes air leakage and thus sufficient hermeticity cannot
be ensured in some cases.
In these cases, air leakage inhibits sufficient hermeticity in
hermetic space, thus posing a problem of deteriorating acoustic

coupling between two diaphragms and acoustic characteristics.

. Therefore, there are problems of poor acoustic characteristics and wide

variations in the characteristics of loudspeakers among production
lots.

The present invention addresses the above problems and aims
to provide an excellent loudspeaker capable of achieving excellent
acoustic characteristics by ensuring sufficient hermeticity in its
hermetic space. |

In the present invention, the effect of pressure sensitive
adhesive that can be produced precisely and has 100% of solid content
prevents air leakage, improves hermeticity, and ensures sufficient
hermeticity in a hermetic space having two diaphragms. Thus, a
loudspeaker having excellent acoustic characteristics can be achieved.

Additionally, in the present invention, the clearance in a
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telephone is described. However, the applications are not limited to 20
this exemplary embodiment. The loudspeaker module can be used in
portable audio and visual equipment, and,further wide application in
electronic equipment, such as a charger for the portable audio and visual
equipment. 25 Next, the present invention is described with reference to
eleventh to thirteenth exemplary embodiments. The conventional o
heudspbakepisast tranasshiticadolpling gpeurriudingiwe. dilishedgigcteristics
and a hermetic space for coupling the.17 diaphragms. Therefore, the .
leobBcAEerHR ts SeBGsttd LOTBI be BldsREakI AR BT and
g%uqqg t@/ ensuring sufficient hermeticity in hermetic space between the
WO |ap?1ragms. However, variations in production, such as the amount

and 5 pogitinr of applied gehasivei anirlibil sufficiant beswetigilyhinanel and
hermetic space and cause air leakage. Additionally, when solvent-based
adhesivel islisplrtene arn Jeriatons iivte rdtiosof teeuivenvaad sdildus, an
content in adhesive among lots. When the solid cantent remaining, after o
agheshe iceyakid®ardd Eﬁrei:oi%%‘?‘ﬁglﬁgﬁé gébaﬁéﬂgra%@r%?ﬁshﬁhﬁéﬁgte“St“’s

ol dliee aduenve casRs Y feakpor.and fue suficaniiemgticity cannot
e i '

ShsUred in Sore cases. in these cases, air leakage inhibits sufficient
hermetigigyini heHTRLIC spacehdhusReIAY a pioblemoef deteriosaliny cost and

acoustic 15 coupling between two diaphragms and acoustic

phadactéristics: sThenefoeer tidarecare pidblems loé post adowstiscoustic coupling
characteristics and wide

type loudspeaker can be reduced.

Further, in the present invention, even when a display 1s
disposed under a second diaphragm, the display is visible through
transparent film. This can further reduce the thickness and size of a
module or electronic equipment using this loudspeaker, and improve
design flexibility thereof.

Further, in the present invention, even when a display 1s
disposed under a panel, the display is visible through a second
diaphragm made of transparent film and the transparent panel. This
can further reduce the thickness and size of a module or electronic
equipment using this loudspeaker, and improve design flexibility
thereof.

Further, in the present invention, even when a display 1s
disposed under a combination of a second diaphragm and a panel, the
display is visible through the second diaphragm made of transparent
film, transparent panel, and transparent pressure sensitive adhesive.
This can further reduce the thickness and size of a module or

electronic equipment using this loudspeaker, and improve design

flexibility thereof.
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variations in the characteristics of loudspeakers among production lots.

The present invention addresses the above problems and aims 20 to

provide an excellent loudspeaker capable, of achieving excellent acoustic
characteristics by ensuring sufficient hermeticity in its hermetic space. In

the present invention, the effect of pressure sensitive adhesive that can

be produced precisely and has 100% of solid content 25 prevents air

leakagd unridrovesiheriaticity cand enbuvensufiicientisermedicity ika display  is

hermetic space having two diaphragms. Thus, a loudspeaker having
Eiument ALBaSHc BIFARALRREEE AN BeSEdR .laﬂ)jb“i"ﬁr%ﬁllﬁf‘idf fhepanel, the

E{sesﬁg%i_“ﬂ%.’ﬁxgigs’?t iéhihcﬁgﬁlr@?%%ié‘ %‘?1@ NP MElGSRAsE AL AR MR parent

ensur € characteristics or an acoustic coupling type

foudspeakancan he ortinized-and psiabilizadh fduther.dodhecpresgithesive, and

invention, the gap between a panel and 5 a second diaphragm can be
stdbilized atany tarmpératire. Thus; amradoustiecovpling¢ypbe thickness and
loudspeaker having stable characteristics independent of ambient

ipBFafurELEaH HORCHRYED RAREHHEIR 57 the PregeHisvingapeaker, and

{Pnat%g‘aflecggg anﬁi #imdb'ﬁtii?n gg% gag be reduced. Thus, the cost of an
ACOUSHIC coupll%g EE)thype u spea?<e'r can be reduced. Further, in the

presentiy@RuQn saxep whenidishlad ih disRosed 12e$eMMlule in which
diaphragm, the display is visible through transparent film. This can further
thdusedbe dhitknessand sifetbfealoudspeaker covers the front face of the
display. This structure reduces the thickness and size of the display
and loudspeaker, thus providing an integral module.

Further, electronic equipment of the present invention has the

module and an operation part. This structure can reduce the

thickness and size of the electronic equipment.

ELEVENTH EXEMPLARY EMBODIMENT

The eleventh exemplary embodiment is described hereinafter.

Fig. 12 is a sectional view of a loudspeaker in accordance with
the present invention. As shown 1in Fig. 12, magnet 321 1s
sandwiched between top plate 322 and yoke 323 to form inner magnet
type magnetic circuit 324. To yoke 323 in this magnetic circuit 324,
frame 326 is connected. To the periphery of this frame 326, the outer
periphery of first diaphragm 327 is bonded. To this first diaphragm
327, one end of voice coil 328 is connected. The other end of voice coil
328 is fitted in magnetic gap 325 in magnetic circuit 324.

Further, frame 326 1s connected to panel 329. Coupling
substantially planar second diaphragm 330 to this panel 329 wvia

hermetic space 331 acoustically couples first diaphragm 327 and
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module or electronic equipment using this loudspeaker, and improve 15
design flexibility thereof. Further, in the present invention, even when a
display is disposed under a panel, thegj play is visible through a second
diaphragm made of transparent film an e transparent panel. This can
further reduce the thickness and size of a module or electronic 20
equipment using this loudspeaker, and improve design flexibility thereof.
Feurthet, drathb presert 3tventionpeven dhyered displad is disposed under
a combination of a second diaphragm and a panel, the display is visible

througkﬁﬁgﬂs@&éﬁﬂﬁlgﬁhﬁa@rﬁ §8e36 rafy e%‘t‘l?gtﬁﬁl g4 papamr second
reB a?%%{r%{‘gn parent.pl Sfé*éeﬁens'“" dé‘f?"’e T'}‘l'srcn%%&{“h%?iace 331, a

ess and size of a modu ectronic equipment Using

éBﬁ&@f&%ﬁ@%ﬁ{cm@:ww%ﬁij%éwﬂ%éﬁﬁm@@el%cﬁﬂ!&h% ePes used

present invention, even when a display is disposed under a combination
of a seconecdiaghragamnand a panel, the display is visible through the

second diaphragm made of transparent film, transparent panel,
transpa%n%lr@s%&@%ﬁv@ BRakivee Rhd B8 tFAHEPARMRSI0aE 6. the type

This anf red the th ess and size ofamodule or electrponic
%}”&5 r?t usmg %hls?’gbégpe%%gr anofP nli)prr%%/seudﬂe&gn]ﬁexhléiy ﬁ1c({areofwe 332.

THither e pigsentdnventionig & lopdspeaksrmeaule '@Wﬂ?haéh%olyethylene
second diaphragm of the loudspeaker covers the front face of the 10
thisplalyt Hhis s4rdBHME) reduces the thickness and size of the display

Additionally, first diaphragm 327 is smaller than second
diaphrégm 330. Second diaphragm 330, panel 329, pressure sensitive
adhesive 332, and substrate 333 are all made of transparent material.
With this structure, the effect of pressure sensitive adhesive that can
be produced precisely and has 100% of solid content prevents air
leakage, improves hermeticity, and ensures sufficient hermeticity in
hermetic space 331 having two dia.phragms. Thus, a loudspeaker
having excellent acoustic characteristics can be achieved.

In other words, air leakage seen in a solvent-based adhesive can
be eliminated. For a solvent-based adhesive, air leaks from the gap
generated by shrinkage of solid content that is caused by solvent
volatilization after the adhesive 1s dried and cured. Further,
providing substrate 333 as well as pressure sensitive adhesive 332 and
arbitrarily adjusting the thickness of this substrate 333 can ensure an
arbitrary clearance in hermetic space 331, and optimize and adjust the
characteristics of an acoustic coupling type loudspeaker.

Additionally, substrate 333 of the combination is made of a film
material of polvethylene terephthalate (PET). This can stabilize

temperature characteristics, and the film material having accurate
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and loudspeaker, thus providing an integral module. Further, electronic
equipment of the present invention has the module and an operation part.

This structure can reduce the thickness,and size of the electronic

equipment. 15 ELEVENTH EXEMPLARY EMBODIMENT The eleventh
exemplary embodiment is described hereinafter. Fig. 12 is a sectional

view of a loudspeaker in accordance with the present invention. As
SHioWwndnFigan2 emagnet 321 ace0varrdwidhedbetveen toprplate @2pace 331.

and yoke 323 to form inner magnet type magnetic circuit 324. To yoke
bhydn e rsgREtt! ot 9, SO 26 (RS BAERET H@B@ﬁ?ﬁ%fan be

s?zft i ify;g@e 326, the outer periphery of first diaphragm 327 is bonded.
IS Tirst

8 i diaphragm 327, one end of voice coil 328 is connected. The

other engh o 9ice S0 buFeBrisflitted in PagnelicgaP349dniaTagnalicy when a
circuit 324. Further, frame 326 is connected to panel 329. Coupling

didystantial Yl planae decontbdiaplragin 830itathi§ panet824d viaahdmagtic and a
space 331 acoustically couples first diaphragm 327 and 20 second

RdBHradhe330 48 fermifbutisbakef BU0 RIBuL I thigdetdsghaheapym, panel,

"‘{%ers‘,&%Qséaer&éaﬁ!}’\%a%%rhsees%%%d 9&?@“&?&%&%%%5 SoURIeA 0 PANel 38 arent
I1a hermetic space 331,a com ination inclu Ing at least pressure

SeNEtiveladhesivg 332 ig kst 08513 CONRCUNEMBANTHI KR ss of a module
exemplary embodiment, the combination is of the type structured of
subsleate @33 angypnessene seasitye huhdsivel 882aker, and improve design
flexibility and sound pressure level thereof.

Further, this combination can also be made of a double-faced
adhesive tape. Especially when a commercially available
double-faced adhesive tape is used, material cost and production cost
can be reduced, and thus the cost of an acoustic coupling type
loudspeaker can be reduced.

In this exemplary embodiment, a combination made of substrate

333 and pressure sensitive adhesive 332 is described. However, the

combination can be made of pressure sensitive adhesive 332 only.

TWELFTH EXEMPLARY EMBODIMENT

The twelfth exemplary embodiment 1s described hereinafter.

Fig. 13 is a sectional view of a loudspeaker module in
accordance with the present invention. Fig. 13 shows a loudspeaker
module structured of at least display 341 and loudspeaker 340. In
this loudspeaker module 350, second diaphragm 330 1s disposed in
front of display 341 to cover display 341.

At this time, second diaphragm 330, panel 329, pressure

sensitive adhesive 332, and substrate 333 are made of transparent
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This substrate 333 is made of film material, such as polyethylene

terephthalate (PET). 10 Additionally, first diaphragm 327 is smaller than

second diaphragm 330. Second diaphr%gn 330, panel 329, pressure

sensitive adhesive 332, and substrate are all made of transparent

material. With this structure, the effect of pressure sensitive adhesive that

can be produced precisely and has 100% of solid content prevents air 15
lealtagien improVesthdimetieitynandrenspresvsdificierstinplmetiGilinin the space
hermetic space 331 having two diaphragg;f. Thus, a lpoudspeaker having

BRAriicAC0U St BRATSE st cAR B8 ACHIESA I Bvér foRiOgp Dt allows
lspkaqe. 980 L galveLbared adhesie can BREIIREel e sensitive

solvent-bas esive, air le thegap 20 denerat

shmkage of selishaanieaidhal Isccasad Ry sebrantwelatilization after the

adhesive is dried and cured. Further, providing substrate 333 as well as

pressuré lsensitivecadhesieen382danck dtbitrarily adiubtitg the dsickneasnioficoustic
this substrate 333 can ensure an arbitrary clearance in hermetic space.
83dpEmEopihke i aBrrkete P endracridicimpEevacotetitgn flexibility

upling type loydspeaker. Additionally, substrate 333 of the combinati
%ﬁepe 9 Q*eﬁ tl’hep moiﬁéﬁ rfﬁéﬁ%lgﬁe%%pﬁ{ﬁ&&%(IQE’%).YIIJ' nce %ﬂe steps

Is'made of a film matéria %o IScan
sipbilize Jemperaitig chagadetsticend the filmmateriahhauidGtage of parts
accurate 21 thickness can ensure an accurate clearance in hermetic

gpstoea 13310 Thtlspeherdcteristidshef @msacoustic coupling type

loudspeaker can be_ stabilized. With this structure made of transparent
material¥o8edvhehia loudspeaker module 350, display 341 can be
disposed directly under the transparent film sheet, i.e. second
diaphragm 330, or under transparent panel 329, as shown in this

example.

THIRTEENTH EXEMPLARY EMBODIMENT
Thé thirteenth exemplary embodiment is described hereinafter.
Fig. 14 1is a sectional view of an essential part of a portable
telephone incorporating a loudspeaker module in accordance with an
exemplary embodiment of the present invention. Fig. 14 shows
portable telephone 351 structured of loudspeaker module 350 having
at least display 341 and loudspeaker 340, and operation part 342.

Fig. 14 shows portable telephone 351 structured of loudspeaker
module 350 described in the twelfth exemplary embodiment. The
essential part of the portable telephone is structured by combining
loudspeaker module 350 with case 352, and connecting operation part
342 beside loudspeaker module 350.

With_ this structure, similar to the twelfth embodiment,

providing display 341 in the space under second diaphragm 330, the
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5 display is disposed under a combination of a second diaphragm and a

panel, the display is visible through the second diaphragm, panel,

pressure sensitive adhesive, and substrgge all made of transparent

materials. This can further reduce the size and thickness of a module or
electronic equipment using this loudspeaker, and improve design 10

flexibility and sound pressure level thereof. Further, this combination can .
pise be rhadersfisideubdaste adhedivetaper Espadidllyrynsadng operation

commerciall)éav. 'Iablga double-faced adhesive tape is usegﬁmgte[ial cogt
BABTprodactdfietst EARTe fEOBESE: Hhd s thedst of ShHdddsat’ Pe seen

EH%'PQ&‘H%B%hﬁ l%%o%aa@rf:@@tpceeret%%cegié@ IS EMPIAY ss of portable

embodiment,;’ a combination made of substrate 333 and pressure

sensiivenadpssivindsiiy deseridedidiofiexenitiey edrahiadtion can be

made of pressure sensitive adhesive 332 only. 20 TWELFTH

EXEMPLARNM EMBROINENT THanWelthnexemplanrdmbotimennis a portable

described hereinafter_.g%i?. 13 js a sectional view of a loudspeaker mo?ule.
es

It laB&stBante MrH Pt ftiont ey 2PPSHGRO R fodd§padter mited to

dule st d of at least displ 1 I o) thi .
%ﬁgi@%{gﬁﬁg%%u%l@ébgﬁ%eq{%P ayr % lgﬁqi%lggﬁgiglggfsoﬁ%e %’(%gt Elﬁs used in

peaker m , second diaphragm 330 Is
display B41 tueayer display3ddaAt higdipe second diaphfagmés0,find - wide
panel 329, pressure sensitive adhesive 332, and substrate 333 are made
abpansparent 22¢ inctesinis. Ydithphisesttuctnd) providitpaisptafo4thin portable

the space under second diaphragm 330 to modularize these components
anglie and visual equipment.

INDUSTRIAL APPLICABILITY

In a loudspeaker and loudspeaker module of the present
invention, the use of transparent film and a transparent panel can
reduce the size of the loudspeaker and loudspeaker module and
provide a display function, other than a function of emitting sound.
Sound can be emitted from a display. Thus, the loudspeaker and
loudspeaker module can be used for audio and wvisual equipment,

telecommunications equipment, a game machine, and the like.
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the display under second diaphragm 330, the pressure sensitive

adhesive, and substrate to be seen therethrough. 5 This structure can
reduce the size and thickness of an acoy;ftic coupling type loudspeaker
module and improve design flexibility thereof. Further, modularizing in this
manner can reduce the steps in production of sets and achieve
streamlining in the stage of parts distribution, thus reducing the cost. 10
Now, in this loudspeaker module 3@1{&%@ 341 can be disposed
directly under the transparent film sheet, i.e. second diaphragm 330, or
under transparent panel 329, as shown in this example. 15 THIRTEENTH

EXEMPLA}BYE %@ﬂ%% gﬁ %eenth exemplary embodiment is
a sect

descrlbed herelna er. Fig. 14 onal view of an essential part of a

portable telephofe ieorporating & leugspeakeiimadule in accordance
with an exemplary embodiment of the present invention. Fig. 14 shows 20

portable telephoni:351 &taydunetinof fsudshedker modwes 330 havingeay of the
least display 341 and loudspeaker 340, and operation part 342. Fig. 14
§'portable telephone 351 structured of loudspeaker module 350

described in the twelfth exam Iar 1ggﬂ)E dltrﬂ%ngggk o(lﬁ Zﬂ&( %ng,pd;lﬁgﬁt artially
speake

portable telephone IS Structured | y com ining

with.aase 353306 crNpepting eperalionhart: 34echeside loudspeaker
module 350. With this structure, similar to the twelfth embodiment,
providing displayis4ieih chesisatéunberfsecord diaphragm 330, the 23
a space surrounded by the panel having the first
diaphragm coupled thereto; and
a second diaphragm coupled to the space surrounded by
the panel,
wherein the frame is embedded in a recess formed in the
panel, or
the frame is coupled to the panel by forming in the panel a
fit rib that has a diameter smaller than an inside diameter of a flange
of the frame and larger than an outside diameter of an edge of the first
diaphragm and fitting the fit rib in the frame, or

the panel is coupled to the second diaphragm by a

combination having at least pressure sensitive adhesive.

2. The loudspeaker of claim 1, wherein a step of the recess is at

least 0.3 mm.

3. The loudspeaker of claiml or 2, wherein the recess is formed

to conform to a shape of the outer periphery of the frame.



10

20

pressure sensitive adhesive, and substrate and providing operation part
342 beside these components allows the display to be seen therethrough.
This can reduce the size and thickness §f portable telephone 351 and
improve design flexibility thereof. 5 In this exemplary embodiment,
application in a portable telephone is described. However, the
applications are not limited to this exemplary embodiment. The

loudspéakeh tdduidsarnbe useld d portbleasdio Bvd Vidddesgiperit herein

nd further find wide application in glectronic equipment, suchasa . ..
QHarbeiTor i POTAEIAT 26 AUttt ibar ERLiBhHE INBOSPRIARIding the
@EIQIEICABILITY In a loudspeaker and loudspeaker module of the present
invention, the use of transparent film and a transparent panel can 15

reduce the size of the loudspeaker and loudspeaker module and provide a
display function, other than a function of emitting sound. Sound can be
emittecbfréhina dispisp ahier thé lvndspaskeranthiBlkishddkeraabddle wherein
can be used for qudio and visual eqyipment, telecommunications

bfsen s PAGHRE, SnRE ket 24 NG IRRAES 1. A loudspeaker
comprising: a frame coupled to a magnetic circuit; 5 a first diaphragm

coupled to an outer periphery of the frame; a voice coil coupled to the first

diaphragnrand pagdaie dited infagnagnetc gaciathesmagnatia@iicuit, wherein

the first diaphragm is smaller than the second diaphragm.

7. The loudspeaker of any one of claims 1 through 6, wherein

the second diaphragm is made of sheet-like transparent film.

8. The loudspeaker of any one of claims 1 through 7, wherein

the panel is made of transparent material.

9. A loudspeaker module comprising the loudspeaker of any one
of claims 1 through 8, wherein the second diaphragm thereof covers a

front face of a display.

10. Electronic equipment comprising:
the loudspeaker module of claim 9; and

an operation part.

11. The loudspeaker of claim 1, wherein one of pressure
sensitive adhesive and adhesive is applied to a connection face

between the fit rib and the frame.
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a panel coupled to the frame; 10 a space surrounded by the panel having
the first diaphragm coupled thereto; and a second diaphragm coupled to
the space surrounded by the panel, whggein the frame is embedded in a
recess formed in the 15 panel, or the frame is coupled to the panel by
forming in the panel a fit rib that has a diameter smaller than an inside
diameter of a flange of the frame and larger than an outside diameter of

an edgébf the irke vilaphraemt SadAanTy the 91 riblin tHeeraiie OBE20 tHeressure

Li dtath d diaph b ination havi t .
T Do Eehbito SURedUU 2  The 1oucpELEE of baim 1 WRGHGIR" face

l?e%ts?B&{ti‘r?e@?ﬁﬁ?ésa‘?’fdl%ﬁ%tﬁeﬁl@m' 25 3. The loudspeaker of claiml or

2, wherein the recess is formed to conform to a shape of the outer
periphery of the frame. 25 4. The loudspeaker of any one of claims 1
through 3, wherein the recess is structured of at least three projections for

guidinglthe Taenkn &d5: TRk Riu @S priakep B aply o wiscibimd lathdodgh #herein
wherein adhesive, or sealing agent is applied to the regess. 6. The

i‘éﬂb“s%‘é(&é? GHBRYBe 8t CIaAB £ ihbugHS htEir A RSk kel Frame
é%amc@llbe%let_he second diaphragm.

14. The loudspeaker of any one of claims 1, 11 and 12, wherein
sealing agent is applied to a gap in a connection face between the

frame and the panel,

15. The loudspeaker of any one of claims 1 and 11 through 14,

wherein the first diaphragm is smaller than the second diaphragm.

16. The loudspeaker of any one of claims 1 and 11 through 15,

wherein the second diaphragm i1s made of sheet-like transparent film.

17. The loudspeaker of any one of claims 1 and 11 through 16,

wherein the panel is made of transparent material.

18. A loudspeaker module comprising the loudspeaker of any one
of claims 1 and 11 through 17, wherein the second diaphragm thereof

covers a front face of a display.

19. Electronic equipment comprising:
the loudspeaker module of ¢laim 18; and

an operation part.
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10 7. The loudspeaker of any one of claims 1 through 6, wherein the
second diaphragm is made of sheet-like transparent film. 8. The
loudspeaker of any one of claims 1 throgigh 7, wherein 15 the panel is
made of transparent material. 9. A loudspeaker module comprising the
loudspeaker of any one of claims 1 through 8, wherein the second
diaphragm thereof covers a front face of a display. 20 10. Electronic
equipment comprising: the loudspeaker module of claim 9; and an

operatign p%ﬁ@%&gl?@é%@&ﬁa“c%%c'aim wrubereingne @b mbination is

pressure ‘sensitive adhésive and adhesive is applied to a connection face

Jdetweandhedfitsik apdither frame. g6e 12u Thelgudspeakeallof glaim 1 or
11, wherein one of pressure sensitive adhesive and adhesive is applied to
a connection face between the frame and the panel. 5 13. The
Ioudspeaker of any one of claims 1, 11 and 12, w. W£ereln adhesiv

appliedth aldip i HWﬁBnqg Haveh ROFLHE 5 atﬁ'é%p%ﬁ@lte of the

cl()%il)’?gégudspeakerdo gp)ﬁ?&e& célgqqlﬁl 11 and 12, wherein 10
Sealing ageﬁ]t iS applled to a gap in a connection face between the frame

and the panel. 15. The loudspeaker of any one of claims 1 and 11 through
14,
22. The loudspeaker of claim 21, wherein the film material is

polyethylene terephthalate (PET).

23. The loudspeaker of claim 22, wherein the combination is a

double-faced adhesive tape.

24. The loudspeaker of any one of claims 1 and 20 through 23,

wherein the first diaphragm is smaller than the second diaphragm.

25. The loudspeaker of any one of claims 1 and 20 through 24,

wherein the second diaphragm is made of transparent film.

26. The loudspeaker of claim 25, wherein the panel is made of

transparent material.

27. The loudspeaker of claim 26, wherein the pressure sensitive

adhesive is made of transparent material.

28. The loudspeaker of claim 27, wherein the substrate of the

combination is made of transparent material.



wherein the first diaphragm is smaller than the second diaphragm. 15 16.

The loudspeaker of any one of claims 1 and 11 through 15, wherein the

second diaphragm is made of sheet-like)ffansparent film. 17. The

loudspeaker of any one of claims 1 and 11 through 16, 20 wherein the

panel is made of transparent material. 18. A loudspeaker module

comprising the loudspeaker of any one of claims 1 and 11 through 17,

whereiR the\skcehePdiaphiaghs there6p Baverd RSrbRE theabTRedispiag 251y one
. Electronic equi t comprising; the loudspeaker module of claim 18,

G brih P S T U MEh ek s S ARk TRt Ehereot

Lambingtign js structyred af guRstrate and pressure sensitive adhesive.

5 21. The loudspeaker of claim 20, wherein the substrate of the

combination is made of film material. 22. The loudspeaker of claim 21,

wherein the film material is polyethylene terephthalate (PET). 10 23. The

loudspedakelf: Rl 2 GYHEBIA i< e SRRBIHENYH is a double-faced

adhesive tape. 24. The, loudspeaker fﬁ%)llf)e%rnﬁ of clai@;sal %nd 20 through

23, 15 whereihthd TP REHISEAT han thé setoiid diaphragm.

25. The Ioudspaeﬁlgﬁyeqfaacq&p%%p{.claims 1 and 20 through 24,
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wherein the second diaphragm is made of transparent film. 20 26. The
loudspeaker of claim 25, wherein the panel is made of transparent
material. 27. The loudspeaker of claim 26, wherein the pressure sensitive
adhesive is made of transparent material. 25 28. The loudspeaker of claim
27, wherein the substrate of the combination is made of transparent
material. 28 29. A loudspeaker module comprising the loudspeaker of any
one of claims 1 and 20 through 28@@@@?@#&@ second diaphragm thereof

front f f a display. 5 3Q. Electroni i t isina:
the loudSRARE Bkl br IR 360 Anl A GHEFARGH pAugg ek et module,
é&?@%‘?&?&ﬁi?v@f&é?ﬁ&'ﬁ’%&(ﬂ% I%@mrﬂgw)%ﬁﬁ MAdUes cellent

and electronic equipment having improved hermeticity and e ent
characterisiescand fol uksr inaediorequipiient ghlie fausispeaktieSloudspeaker,
loudspeaker module, and electronic equipment are structured by

bmbegdinger franvsl toresuppotti el eclirstbiapteagn nentecess, fomingaed by

fit rib for engagement with the frame in.a panel for supporting a second
SR BHIIFor eI (e Ry SiBhoring HR6 DA ARARBhragm toTecoss.

%?ﬁ?ﬁ%n%diﬁeh@%mf\é@ ae%%@@@ﬂbqpt with the frame in a panel for

supporting a second diaphragm, or coupling the panel for supporting

the second diaphragm to the second diaphragm via a combination.



