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1 DESCRIPTION SPEAKER SYSTEM, SPEAKER MODULE, AND 5

'ELECTRONIC DEVICES EMPLOYING THE SAME TECHNICAL FHELD
The presentinvention relates to a speaker system, a speaker module
used for video and audio devices and cgmmunications devices, and also
relates 10 to electronic devices employing the speaker system or the
speaker module, such as a mobile phone and a video game machine.

- BACKGROUND ART A conven g(gﬁgﬁ,ﬁ?ysmm will be described

first, with reference to 15 Fig. 5. onal view of a
conventional speaker system. In the structure shown in Fig. 5, magnet 1
is placed between upper plate 2 and yoke 3 to form inner magnetism-type

magnetic circuit 45 FerGIH BRGTEIN CRPENK BRNTSStermith frame 6.

On the periphery .of frame 6, first dlaphragm 7 is attached and further on
which, voice coil 8 is fixed to fit in magidsiit gap 5 of 20 magnetic circuit 4.
Besides, panel 9 is fixed on the periphery of frame 6, and further on panel
9, substantialiy-#dt ERL3 N GBI YAGHS BN BRALKEN GNTHThS Adlicture
above, first diaphragm 7 and second diaphragm 10 are acoustically
coupled through enclosed room 11. Sound through-hole 12 in enclosed

room 11 25 acoustically cou o second diaphragm
10, determining the positiona pﬁ&?@@%ﬁ two diaphragms. A
speakef, sy, gf@é@ﬁ@‘{ﬂﬂeﬁﬁgﬁ %éﬂ?ékg%hglesf%'zﬂy&dggg%g r gxéapnégiier module

Japanese Patent
used for video and audio dewces and communications devices, and also reiates N

to electronic devices employing the speaker system or the speaker module, such

as a mobile phone and a video game machine.

BACKGROUND ART

‘A conventional speaker system will be described first, with reference to

'Fig. 5. Fig. 5 1s a sectional view of a conventional speaker system. In the
- structure shown in Fig. 5, magnet 1 is placed between upper plate 2 and yoke 3

- to form inner magnetism-type magnetic circuit 4. Yoke 3 of magnetié circuit 4

is connected with frame 6. On the periphery of frame 6, first diaphragm 7 is
attached and furfcher dn which, voice coil 8 is ﬁ_xéd to fit in magnetic gap 5 of
magnetic circuit 4. | |

Besides, panel 9 is fixed on the periphery of frame 6, and further on
panel 9, substantially flat second diaphragm 10 is attached. With the
structure above, first diaphragm 7 and second diaphragﬁa 10 are acoustically
coupled thro_ugh. enclosed room 11. Sound through-hole 12 in enclosed room 11
acoustically couples first diaphragm 7 to second diaphragm 10, determining the
positional relation between the fwo diaphragms. A speaker system having

such a through-hole is infroduced, for example, in Japanese Patent



2 Unexamined Publication No. 2003-179988. The conventional speaker
system, however, has inconveniencies-second diaphragm 10 has often
suffered thermal deformation due to high temperatures, or scratches on
the surface by rubbing against other objects because of being exposed.
Furthermore, second diaphragm 10 can warp by its own weight, or can be
pulled to panel 9 by static electricity, sé that panel 9 has often made a
tight contact with second diaphragm 10 and has hampered vibrations of
diaphragm _10. This_has often increased sound distortion, which can be a

inesapshsuhicrioamineiiséidtitance and reliability of the speaker

systery DISGHOSURE OF THE INVENTION AGCRANG (0.0 ASRELOT . ong
the invention, there'is providead a'speaker system comprising: a frame

GepRected o RIdgRAIGERGE G iirsldiapfuagmiciiached idhaduiRratures,
periphery of the frame; a voice coil attached to the first diaphragm so as

o padlyhfisint magn@te daprobliiegnagmetic ctiaritpb) pandbecattached being
to the frame; a room enclosed by a second diaphragm-attached panel,
€X¥RASEcond diaphragm acoustically coupled to the room surrounded by

layer, VO G e ch A ARG e B, B QS0 Gapihcan be
pntaasitiongd §013s stadRake s 9l e R&IOSELI0OREBYRENHIRIIVP tioht

diaphragms, which’increases flexibility in design. Besides, applying

weatingwinihe saodnilagiagiyagtt enbansekdhe peydovibamgerandf diaphragm
reliability of a speaker system, a speaker module, and electronic devices

KndibifnkemeBpedrsresssd maomthalsierdken.mblige. ®RIbBE a threat against

.DESCRIPTION OF THE DRAWINGS . ...
improvements %1 performance anci\I rehsabﬂlty of the speaker system.

DISCLOSURE OF THE INVENTION

According to an aspect of the invention, there is provided a speaker
system comprising: a frame connected to a magnetic circuit: a first diaphragm
attached to the outer periphery of the frame; a voice coil attached to the first
diaphragm so as to partly fit into a magnetic gap of the magnetic circuit; a panel
attached to the frame; a room enclosed by a second diaphragm-attached panel;
and second diaphragm acoustically coupled to the room surrounded by the
panel. In the structure above, the second diaphragm has a coating layer. With
the structure, the two diaphragms can be effectively shaped and positioned so as
to make use of the enclosed room between the two diaphragms, which increases
flexibility in design. Besides, applying coating on the second diaphragm
enhances the performance and reliability of a speaker system, a speaker module,

and electronic devices employing the speaker system or the speaker module.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1A is a sectional view of a speaker system of an exemplary



Fig. IA is a sectional view of a speaker system of an exemplary J
embodiment of the present invention. Fig. | B is an enlarged sectional

view of the essential part encircled in Fig. IA. Fig. 2 is a sectional view of
another speaker system of an exemplary embodiment of the present
invention. Fig. 3 is a sectional view of azspeaker module of an exemplary
embodiment of the present invention. Fig. 4A is a sectional view of

another speaker module of an exemplary embodiment of the present
HVBREFRCRI B PEs @M ARYEEHMEW of the essential part encircled in Fig.
4A. Fig..5 isa sectional view of a conventional acoustically coupled-type . .
speakn By LR BETRIESS SEUCRIHON DR BB TSR in Fig
THE INVENTION The speaker system of the present invention contains a
frame connected to a magnetic circuit; a first diaphragm attached to the

outer geiphety afdhei Hinameiiawaigeasotiatiagheskia thesfirst dpphraginplary
S0 as to partly fit into a magnetic gap of the magnetic circuit; a panel
andciibthentiod fremecwnbomveahiclosed by the panel to which a second
diaphragm is attached; and second diaphragm acoustically coupled to the

room sitfouhdéd® $RE paRelY 1 the lstushiakasons ddcsédoag exemplary
IRRAARNL P3P A,CORNG NG the structure, the two diaphragms
ee ectlve%‘/ ga

can aped and p05|f|1c')ned SO as to make use of the
enclospghropinbetweaibing WewispRams yuskdnaieases ety iary
design. §e5|des, applying coating to the second diaphragm enhances its
embodiment of the present invention.

Fig. 4B is an enlarged view of the essential part encircled in Fig, 4A.

Fig. 5 is a sectional view of a conventional acoustically coupled-type

speaker system.

DETAILED DESCRIPTION OF CARRYING OUT OF THE INVENTION

The speaker system of the present invention contains a frame connected
to a magnetic circuit; a first diaphragm attached to the outer periphery of the
frame; a voice coil attached to the first diaphragm so as to partly {it into a
magnetic gap of the magnetic circuit; a panel attached to the frame; a room
enclosed by the panel to which a second diaphragm is attached; and second
diaphragm acoustically coupled to the room surrounded by the panel. In the
structure above, the second diaphragm has a coating layer. With the structure,
the two diaphragms can be effectively shaped and positioned so as to make use
of the enclosed room between the two diaphragms, which increases flexibility in
design. Besides, applying coating to the second diaphragm enhances its
performance and reliability.

The speaker system of the present invention employs a scratch-resistant

material for the coating material applied to the second diaphragm. As for the
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performance and reliability. The speaker system of the present invention
employs a scratch-resistant material for the coating material applied to"
the second diaphragm. As for the 4 coating material, cross-linkable
acrylic resin is desirable; in particular, ujtraviolet curable acrylic resin is
much preferable. Scratch resistance of the second diaphragm can be
enhanced by coating a material formed of cross-linkable acrylic resin over

the surface second di gm. 5 Eurthermore, employing the
Coﬁlra\%leltncfrab% agwﬁé %%ﬁ rt%ﬂ‘é’ e titolth&S5H prédegarticular,

ﬂftpa% coating.ate incr ucti thacr late
resin is mcludegc?iﬁl%\ tﬁh@(:iL J%F}%%r?\}érﬁ%%n nggffpﬁ%(iﬁe :;%r%//ff‘cl¥I s‘fﬁségance of the
sRaoHEr akRAGLekheAreseRt IRYARQR dhe $PRKLLRYSIEMEMDIOVE & med of
10 heat-resistant material for the coating material of the second

aﬂtmshhax}mb]és dorthie masenialpsiicothbasai€sia lSoﬁfeffﬁéabE%cM‘fmChdJaphragm
contributes to an increased heat resistance of the second diaphragm.
Busihyengeve. coapheyimaidiandfsivcoeibasstdsin toybutrsitesiobthens the time
eco d c#aphragm is much preferable-the double coatlngéallows the

%e B rATareshatkidhantrabiegn Fartrsinds thhayebondncreasing the

m and t atln rrt1ater|al fo determlm ﬁ\ same rate on both
gby en ancmg trie Stabiityin $hape o Warp th¢erffiprpmentioned

' éﬁg@lﬂ.ﬁﬁ@@ Qbiemprrgiyres. As yet another aspect of the present -

_invention, the speaker system employs an antireflection material for the

coatingdnaielaioidhectefand PR HaRNBem:08 [ohdNg B aBom employs a

transparent resin having fine particles dispersed therein is desirable.
Ieaiptogistpston steribriat che sopphegatheerial of the second diaphragm. As

for the material, silicon-base resin is preferable, which conf:ributes to an

increased heat resistance of the second diaphragm. Applying the coating
material of silicon-base resin to both sides of the second diaphragm is much
preferable——the double coating allows the coefficients of thermal expansion and
contraction of the second diaphragm and the coating material to determine at a
same rate on both sides, thereby enhancing the stability in shape with no warp
év.en ina siight change of temperatures.

As yet another aspect of the present invention, thé speaker .sys.tem
employs an antireﬂection material for the coating maﬁerial of tﬂe second
diaphragm. As for the material, a transparent resin having fine particles
dispersed therein is desirable. Employ“ing such a material can suppréss the
reflection of light on the second diaphragm, thereby ncreasing visibility of signs
or makags disposed beneath the second diaphragm.

As still another aspect of the speaker system of the present invention, the
second diaphragm has a single-layered or multilayered coating combining any
one of a scratch-resistant material, a heat-resistant material, and an

antireflection material on one side, or both sides. With the structure, an



reflection of light on the second diaphragm, thereby increasing visibility of

" signs or markings disposed beneath the second diaphragm. As still

another aspect of the speaker system of the present invention, the 25 -
second diaphragm has a single-layered or multilayered coating combining
any one of a scratch-resistant material,"a heat-resistant material, and an
antireflection material on one side, or both sides. With the structure, an 5

| dvantage of each materija| is selectively obtained as necessary, and
: aﬁ]‘é?&%g% O%ﬁécgﬁ&?éeéa%é Sxisetigelin bk sapAAscress sty ared more than
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R A g vered coating
 diaphregm, By emRloying s@edf% SIPGIMES Ty SReakaT

: i {ggd %%%ean dinv ntion, the
electronic devices, such modules and devices can be further compac?, ’
figbingiephanged fiexihiblidp dealgnifs sttbanoiarnasagst of Be %Qr?ﬁ%%{ng the
system of the present invention, a transparent film'is used for the secon
stifaptirag forBy«adiee ofdteldsansdarkntysigus-aitdinaikingsBSRASHE devices
beneath the second diaphragm can 10 be easily read. By employing the
caphadrr tbes serradhciviee anbatseddivsibilrds, drmizmodules and -

devic;g cam]fe further compact, giving enhanced flexibility in design. As
-~ yet afother Mﬁtﬁé@ﬁé% StsRkssE st thocpiraenihavention, a

e e Qa2 SRR tpands st of che

tHRG.
With™ 15 the structure, the secon ragm an _
tHRRBNRHCY SR S BSfa IS Jiepb MHAING BRGNS tgﬁetfg%?;éxau%ragm can

electricity, and they have no surface-to-surface contact wit other.

b# kerelprecadliatiditycat ploduertierespEnaeCa BEdARIPYEGHules and electronic
device.s, such modules and devices can be further compact, giving enhanced
flexibility in design. |

As yet another aspect of the speakér system of the present invention, the
second diaphragm has microscopic irregularity on the panel-side surface. With
the structure, the second diaphragm and the flat panel disposed in the narrow |
gap can be fairly free from attracting each other by static electricity, and thei
have no _surface'to;surface contact With each other. .Therefore, reliability of
frequency respdns_e can be impioved. |

| As still another aspect of the speaker system of the present invention, the

panel has microscopic irregularity on the surface on the side of the second.
diaphragm. In this case, too, the second diaphragm’ and the flat pane.facing
each other via the narrow gap can be fairly free from attracting each other by
static electricity, and they have no surface-to-surface contact With each other.
Therefore, reliability of frequency response can be 1mproved.

The speaker module of the present invention has a structure in which the

display section is located under the second diaphragm of the speaker system.

With the structure, the display section and the speaker system can be
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- As still another aspect of the speaker system of the present invention, the

- 20 panel has microscopic irregularity on the surface on the side of the
second diaphragm. In this case, too, the second diaphragm and the flat
pane facing each other via the narrow gap can be fairly flee from '
attracting each other by static electricity, and they have no .
surface-to-surface contact with each other. Therefore, reliability of

hflrc%gsg&rh% (ﬁ%?PQQ%%E}%iP& é} gyed. 25 The speaker module of the
a

present invention a structure in which the display section is located

underthe sgeonaianiragm 9&"%3@%&%&9%@11%@ bRk WS speaker

the display section and the speaker system can be 6 mcorporaté%@ ina
neodnpactintishilerdheneldetvenis devigelohiledyesenb NeMHEN CONtINStructure

- the speaker module of the present invention and an operation panel. The

rethacis tderplivesmimzemfSicat Bizerohandelactronic device. 5 As
described above, the present invention relates to a speaker system using
the sétDIE HEBRAMGRONSViHEsBRERIn IS RIRti o detatestdnt 2ospeaker system -
anti-reflection coating. Besides, the speaker system employs the second

U108 Hiin SRR SHABPERREY oRBVAPE N Heb FRerS LB bic Magrsiant, or

afiti-fRAcutlaccsln fain acpusligall eRUPIESLING SBEAKE! AR me second

Furthermore, the strutture, in spité ving a rela yqlarge

deipphraen 301 enepiages frther dowps %@&Rfl?a%pﬁﬁgﬁfs%%% Iﬁrfe%ularity on

providing the module with flexibility in design. Hereinafter, the'exemplary
teenbodimentodbthe presetitiieaiapladitbpe describadydtareference to
the accompanying drawings. 15 _ o :
Furthermore, the structure, in spite of having a relatively large second
diaphragm 30, encourages further downsizing of a speaker module, providing
the module with flexibility in design. |

Hereinafter, the exemplary embodiments of the present invention will be

described with reference to the accompanying drawings.

FIRST EXEMPLARY EMBODIMENT

Fig. 1A is a sectional view of a speaker system of an embodiment of the

: pi‘esént mvention. Fig. 1B is an enlarged view of the essential part encircled

in Fig 1A, In the structure shown in Figs. 1A and.IB; magnet 21 is placed
between upper plate 22 and yoke 23 to form inner magnetism-type magﬁetic
circuit 24. Yoke 23 of magnetic circuit 24 is connected with frame 26. The
outer periphery of first diaphragm?’? is attached on the periphery of frame 26..
Voice coil 28 1s so disposed that one end is ﬁked. to first diaphragm 27 anci the
other end is fit in magnetic gap 25 of magnetic circuit 24..

Besides, panel 29 is fixed on the periphery of frame 26, and further on
panel 29, substantially flat second diaphragm 30 is attached. Enclosed room

31 acoustically couples, via sound through-hole 32, first diaphragm 27 With.
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FIRST EXEMPLARY EMBODIMENT Fig. 1A is a sectional view of a _
speaker system of an embodiment of the present invention. Fig. 1B is an
enlarged view of the essential part encircled inFig. IA. In the structure
shown in Figs. IA and 1B, magnet 21 isdolaced 20 between upper plate 22
and yoke 23 to form inner magnetism-type magnetic circuit 24. Yoke 23

~ of magnetic circuit 24 is connected with frame 26. The outer periphery of

first diaphragm 27 is attaghed on the periphery,af frame 26, Vojce coil 28
R B e R AR A 2 el SotE Sl that

is, fit | ' ic, Circyit. 24, ides, panél 29
e R s,

substatialiv firyyeacond dirptiRGEERIA8 AAGHEHENERSELEPOM Blterial, the

acoustically couples, via sound through-hole 32, first diaphragm 27 with 7
ssefardodisgimad i 3p h8egondiapbuadin Sthisscdated withdmatkriptihated by a

enhances the reliability and performance of diaphragm 30. By employing.a
hearbranre st frthtepartine saiag inlaanes ik abidase viseesindis desirable.

diaphragm 30-psually. exposeg.to outside-is protected by a 5 hard coat.

In Prodat AtliRrraleh s tabls ArRAR SRR iR FRuFhidBRisFable. inthe coating

articular, ultraviglet.curable acrylic.resin is much preferable 'ﬁhe coatin
e R R B R S b emtgt other

oBiheks AerlpytherERy Iprewnd ACralG RIS BN o8 LhAIARRIANN Hurthermore,

urthermore, the use of atorementioned ultraviolet curable acrylic resin

tharushoftatbihedimeiotd donkring lbecerating mafttiale sherahy Insreasing: time
the productivity. Material with high heat resistance, such as silicon-base :

foesinyicanthe theticwtimtertabridicfhy iscreisieat fesistaduntatetial can
protect second .

Material with high heat resistance, such as silicon-base resin, can be the
coating material. = The use of heat-resistant material can protect second.
diaphragm 30 under high temperatures, preventing diaphragm 30 from heat
deformation, i.e., enhancing heat resistance of diaphragm 30. Furthermore,.
applying the heat-resistant coating material to both sides of second diaphragm
30 is mu_ch’ preferable—the double coating allows the coefficients of thermal
expansion aﬁd contraction of the second diaphragm and the coating material to
.determine.at a same rate on both sides, thereby enhancing. the stability in
shape with no warp even in a slight change of tei:aperatures. _ |

An antifeﬂecti_on material can be empléyed for the coating material.
The use of antireflection coating material decreases the reflection of light on
second diaphragm 30, thereby increasing visibility of signs or markings
disposed beneath ‘d.iaphragm 30. As for the material, a transparent resin
having fine particles dispei‘sed therein is desirable. The siﬁ:nilar effect can be
obtained by embossing the surface after coating.

The coating can be formed such that combinations of different coating

layers or multi-layered coating of different coating materials on either side of
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diaphragm 30 under hi'gh temperatures, preventing diaphragm 30 from

~ heat deformation, i.e., enhancing heat resistance of diaphragm 30.

Furthermore, 15 applying the heat-resistant coating material to both sides
of second diaphragm - 30 is much prefegable-the double coating allows the
coefficients of thermal expansion and contraction of the second
diaphragm and the coating material to- determine at a same rate on both

' n i ity in._s ith. a0 warg even in a

L L R R T B of swntce.

3MRIPYEA AN EPING SRALEHR A chBENSE BEAVEHEGUIRRROAIN Yoating layers
material decreases the reflection of light on second diaphragm 30,

fébsiabyihcieasingyisildityofisignsiorsnatohose dispRased brngatRsistance, and
diaphragm 30. As for the material, a transparent resin having fine

apantidlesttisperédhtdreistisidesieable afvesimgarofféecttcamberiabis selectively
obtained by embossing the surface after coating. The coating can be

ofained Qs Esnaasied sraffereatedating layers or multi-layered

coating.of different caating materials .on either side of 8 front surface 3QA
o Do BB B PR AL RS B LT o g laver can

npans 08, qpeiheue (Enmmg}; PYRIRCAN B £OANG BYBER of second

orme e materials wit |gh scratch resistance, heat resistance, a

dapieiestian. Wittsiihe S chH Enan aﬁvaamﬁg%sa&b MRIeTRhiSne material is

selectively 5 obtained according to requested performance. With the use

seletitivalpremeitiehaccoodiing to atqiiabte dpatifigriayercean be differently

formed on front surface 30A and back surface 30B of second diaphragm -

30. Withrthevoanag ranladiaraegt ofaidnh comibinathtenthisrselentivelycoating

obtained according to requested performance.
materials above can be applied to second diaphragm 30. With the structure,
an advantage of each material is selectively obtained according to requested
performance, and a plurality of effects or synergy effect can be expected in the
multi-layered coating.

The structure of the embodimeﬁt, as described above, can enhance the

reliability and performance of second diaphragm 30.

SECOND EXEMPLARY EMBODIMENT

Fig. 2 illustrates the structure of a speaker system of the second |
embodiment of the present invention. The speaker system of the embodiment
employs first diaﬁhragm 27 having an outer diameter smaller than that of
second diaphragm 30. To be more sﬁecific, second diaphragm 30 has an outer
diameter large enough to include the whole structure of first diaphragm 27. In
spite of having a relatively large second diaphragm 30, the structure above
encourages further downsizing of a speaker module, providing the module with

flexibility in design.
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10 Furthermore, multi-layered coating combined with any one of coating
materials above can be applied to second diaphragm 30. With the
structure, an advantage of each material is selectively obtained according
to requested performance, and a plurality of effects or synergy effect can
be expected in.the multi-layered coatin&. 15 The structure of the
embodiment, as described above, can enhance the reliability and

of second diaphragm 30. SECOND EXEMPLARY _
W&ﬁ? i@@lﬁ%ﬁé@@ HENActure of a speaker system of the
secon embodiment of the present jnvention. The speaker system of )
e enTBotn R LRRbIYSrE, HghFal i PRV A B GRATEFET Sl i
Soallerthan thathef 36 [gph T ore specific, second .
diaphrargm 30 has apn o%%é]qu gitzme%gr%ﬁg%ee#o%%ﬁroaﬁs uaggl%ﬁ%, whore disposed

Issaucithe f Rsbdiaphiaeingt Wuspite gt vinga r@ﬁ@@}éﬂ@i@%ﬁe@%&% under
a

diaphragm 30, the structure above 25 encourages further downsizing

tdpetkersprodule fipno vitling thieneddte lnjtbu flexibiiiyial dasitie R HAMR Brection,
EXEMPLARY EMBODIMENT In the speaker system of the third

anreldingdnt tharbpsipardad finctioned Thesetond diaphtagfia0iBy a relatively

virtue of the t ansglgrency items disposed beneath the second diaphragm
1

lazga e TR DI GRS LT BE kS lﬂm@?m@wmrﬁhﬁmdownsiﬁng

_ I the partsylayout to expand. in the,vertical direction, as well as in the
%?rﬁi\%l}g%%egi%g |B%r)é’ Yeretore: in Spite o%’%é@%ﬁ ]e?ré?gﬁ%ly large second

diaphragm 30, the structure above encourages further downsizing of a

- speaker module, as well as giving flexibility in design.

FOURTH EXEMPLARY EMBODIMENT

According to the speaker system of the fourth embodiment, microscopic
irregularity are disposed either 1) on the surface of second diaphragm 30 on the
side of panel 29 or 1i) on the surface of panel 29 on the side of second diaphragrh '
30. With the structure, the second diaphragm and thé ﬂat panel disposed in
the narrow gap can be fairly free frdm attracting each other by static electricity,
and they have no surface-to-surface contacting with each other. Therefore, the
str_ucture. free from sound distortion can improve the reliability of frequency

characteristics.

FIFTH EXEMPLARY EMBODIMENT

Hereinafter will be described a si)eaker module of the fifth emﬁodiment
of the present invéntion. Fig. 3 shows a speaker module having at .least
display section 41 and speaker system 40 Speaker systefn 40 empioys second
diaphragm 30 described in the first through fourth embodiments. Speaker
module 50 has a structure in which speaker system 40 is laid over display
section 41 so as to cover display section 41. Second diaphragm 30 of the

embodiment is formed of a transparent film, and a part of frame 29 at least
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10 FOURTH EXEMPLARY EMBODIMENT According to the speaker
system of the fourth embodiment, microscopic irregularity are disposed
either i) on the surface of second diaphragm 30 on the side of panel 29 or
ii) on the surface of panel 29 on the sidg,of second diaphragm 30, With
the structure, the second diaphragm and the flat panel disposed in 15 the
narrow gap can be fairly free from attracting each other by static

electricit On%rngi%]eﬁ have r%%surfaceato-gyrgicte contactin% with, eac

faoctlﬁlé" ererore, ga II;[ll,IC urel?re%q‘rgm soundx%%‘igﬁfgr?carr%r%eﬁ}%@e .t%th the

S{ﬁ!ll@&w&/ 9{3%5\?%’ g@@éﬁoﬁhﬂacﬁgﬁg@é%bgge@ﬁlTﬂlg%&gM@eﬁ*% film sheet can be

EMBODIMENT Hereinafter will'be described a speaker module of the fifth
s@Mbodinentpahidlenr esentiny Rt iTidhfE:ebavs dE Pk pkemmodule

having at least display section 41 and speaker system 40. Speaker

systehn 46: emplsyk: sBgana:pdiapbraghe 8Grdebaibeavimthedirst fhranghrovement

fourth embodiments. Speaker 25 module 50 has a structure in which
ippearetayitation0 aubhidlevibibizpiy desigsn thesaas wictherdmpsiaye above

{s}%ction 41 Sec%n d]iﬁphrag 30 of the embqdiment is formed of a
eRhRgpsteH%iIAS Pk PERIEDPRCR A FEPRLERgSEEPHg Biaphragm 30,
7

iaphragm 30 is made of a transpasent material. With the structuyre .
e A e I b BBt W ATl i fosor in parts
deehHeHIPRABE!, 23 HBts diisclire-pl secand.diappragm 30. In an

acoustically coupled speaker module having room for improvement 5 in

miniaturization and flexibility in design, the use of the structure above
enhances the reliability and performance of exposed second diaphragm
SIETHoIRAY EUch RiniabiBé)d¢akvefilify the processes in assembly lines
or in parts ) ,
Fig. 4A is a sectional view of a mobile phone that employs a speaker

module of an embodiment of the present invention. Fig. 4B shows the

_essential part of encircled in Fig. 4A.

The electronic device of Fig. 4A is mobile phone 51 formed of i) speaker

module 50 at least containing display section 41 and speaker system 40 and i)

operating section 42.

Mobile phone 51 employs speaker lmodule_ 50 described in the fifth
embo&ment. - The essential part of the device is so formed that .speaker
module 50 is attached to outer case 52 and operating section 42 1s located next
to speaker module 50. | |

Front surface .30 of second diaphragm 30 of speaker module 50, as shown
in Fig. 4B, is Iprovided with coating having high heat-resistance,
scratch-resistance, and antireflection. On back surface 30B of diaphragm 30,
microscopic irregularity and heat-resistant coating are applied.

Display section 41 is located in the space under second diaphragm 30
made of transparent film and the transparent panel, and operating section 42 is

disposed next to display section 41. The structure allows mobile phone 51 to
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_ electronic device of Fig. 4A is mobile p

distribution, thereby contributing to cost-reduced production. 10 SIXTH
EXEMPLARY EMBODIMENT Fig. 4A is a sectional view of a mobile
phone that employs a speaker module of an embodiment of the present
invention. Fig. 4B shows the essentialé)fart of encircled in Fig. 4A. The
one 51 formed of i) speaker 15
module 50 at least containing display section 41 and speaker system 40

e BT bt TaH B SESORIY vt GF HEeREaving the
réﬁi%'ifﬂ%ﬂaﬁ'ﬂ@‘p%?ﬁﬁjﬁ?én@b@%@:ﬁ@sﬁ?&&%ﬁdd%ﬁfn}%%ﬁ%%@ 52 and

operating section 42 Is located next 20 to spea 0. Front

surfacergRafisesaadtdianizagm 80 alneakeq NRIUWROPASISAM dthple, as a

Fig. 4B, is.provided with coating having high heat-resistance,

tsardtchanesistant ehathd dndirglestieactmmbdtk sudface30Bnef diaphiadtd can be
30, microscopic irregularity and heat-resistant coating are applied. 25 :

dpippked sectibe anseciotzded iehtrepapersmdefikacoda diajsheagen 8, applying
made of transparent film and the transparent panel, and operating section

°gatingigpEkdaRstae s il SR 29comk SARMASENONS Mdbilerprove the
0 1to 11 have a compact body and to enhance flexibility in design,
RRA R R

agm, :
IMProvi ormance %%nexposed second diaphragm

30. Opelatieg,seeHonMas @&%ﬂ%@}ﬁ%&qt@a@%Mgko%&)m%ﬁ%&ﬁmﬁm,

a touch panel, and both of display section 41 and operating section
fraflibty idisesesd nilespaativndaathertfansparetfimebcRissase .
"too, applying _ :
INDUSTRIAL APPLICABILITY

The speaker systein and the speaker module of the present invention
employ a transparent film and a transparent panel for the structure. By
virtue of the tr.ansparency, thé display section disposed under the pa'nel can be
easily seen, i.e., the display section can be located adjacent to the sound
producing section. The structure can be widely employed for video and audio

equipment, communications equipment, video game machines, and the like.



coating over transparent film-made second diaphragm 30 can improve the
reliability and performance of the diaphragm. The structure of the present
invention can thus promote miniaturization, flexibility in design, and
reliability and performance of mobile phone 51. 10 INDUSTRIAL
APPLICABILITY The speaker system ahd the speaker module of the
present invention employ a transparent film and a transparent panel for
the structure. By virtue of the transpgrgipcy the display section disposed
under the panel can be 15 easily seen, i.e., the display section can be

locatedl adjagenkte [;Jyets@umn@@t;igg’ﬂg section. The structure can be
widely employed for video and audio equipment, communications

equipment, ¥ideaganip ndthinesyamdithelikeit20 12 CLAIMS 1. A
speaker system camprising: a frame coupled to a magnetic circuit; a first

diaphragm ﬁ)@@%@i“ﬁ’ﬁﬁ&%@ﬁﬁﬁéﬁ% %Pmérfﬁé?ﬂé’,hﬁf%‘ﬁé%ﬁ?%m§ end of
which s Txed fp e ([ sisbigam and an, aihes ndol which o futin,

a magnetic gap of the magnetic Circuit; a’panel a

"o aQidRERY IR Ranshte whish-aseapnd dirnntagnyiisattashed;
and the second diaphragm acoustically coupled with the foom
surroundedabyathe petaehed to the frame;

a room surrounded by the panel to which a second diaphragm
is attached; and

the second diaphragm acoustically coupled with the room

surrounded by the panel,

wherein, the second diaphragm has a coating layer on a surface.

2. The speaker system according to Claim 1, wherein the coating layer is

formed of scratch-resistant material.

3. The speaker system according to Claim 1, wherein the coating laver is

formed of heat-resistant material,

4. The speaker system according to Claim 1, wherein the coating layer is

formed of antireflection material.

5. The speaker system according to Claim 1, wherein at least one surface
of the second diaphragm has single-layered, or multi-layered coating material
formed of any one of scratch-resistant, heat-resistant, and antireflection

materials,
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wherein, the second diaphragm has a coating layer on a surface. 2. The
speaker system according to Claim 1, wherein the coating layer is formed
of scratch-resistant material. 3. The speaker system according to Claim 1,
wherein the coating layer is formed oflieat-resistant material. 4. The _
speaker system according to Claim 1, wherein the coating layer is formed"
of antireflection material. 5. The speaker system according to Claim 1,
wher@inTdideasi:dne sydfiaca afcthdrerondidiapheagfnfiamsinglertaygretiaim 5,
or multi-layered coating material formed of any one of scratch-resistant,
whearre slstdinsadirahiagieoscmatbee b 1Be GeTradbpeakarsystem
according to any one of Claim 1 through Claim 5, wherein the first o
diaphragm is smaller than the second diaphragm. 7. The speaker system

accor?li to any one of Claim 1 throu htCIaim 5 5 w rein $ second . .
diaph aré?ﬂ%ssg%?g%p%ﬁ% T sge%%rogfsf)em (a0 %&?&%paw 5,
sahla 'Ee%éﬁrcﬂ}%}%%@%ﬁs %%‘?ﬂ%‘i&%ﬂ@ﬁ%? made of a

transparent material. 10 9. The speaker System according to any one of

Claim 1 through- Claim 5, wherein the second diaphragm is a transparent

film, and the panel is made of a transparent material. 10. The speaker

systeh dteomliegiteransane at@laimgd thraughftaih Glaith Whkreingth€laim 5,

. second diaphragm has microscopic irregularity on a surface confronting

whensamshelnaThkispeae oéystem spetrtingredanglone of Claim 1
through Claim 5, '

9. The speaker system according to any one of Claim 1 through Claim 5,
wherein the second diaphragm s a tranéparent film, and the panel is made of a

transparent material.

10. The speaker system according to any one of Claim 1 through Claim 5,
wherein the second diaphragm has microscopic ii'regularity on a surface

confronting the panel.

11. The speaker system according to any one of Claim 1 through Claim 5,
wherein the panel has microscopic irregularity on a surface confronting the

second diaphragm.

12, The speaker system according to Claim 1, wherein the frame forms a
first room surrounding the first diaphragm, the second diaphragm and the
panel form a second room, and the first room and the second room are

connected through a hole.

13. A speaker module comprising®



wherein the panel has microscopic irregularity on a surface confronting
the 20 second diaphragm. 12. The speaker system according to Claim 1,
wherein the frame forms a first room surrounding the first diaphragm, the
second diaphragm and the panel formlatsecond room, and the first room
and the second room are 25 connected through a hole. 13. A speaker
module comprising' 14 a speaker system described in Claim 9; and a
display seatigpakbersinid¢hedispliyedacti-isataghed under the speaker
system and the display section can be seen through the second
diaphragniichigmdayasssttisni4. An electronic device comprising: a speaker
module described in Claim 13; and an operating section, wherein, a user
can oPEi&tEithetBBefATNg S eRrbiv AT upden 0 lsprapkettiomrtem and

hr the second diaphragm gr the panel.
tileotﬂgphlay section can be seén t rougg t%e second diaphragm or the panel.

14. An electronic device comprising:
a speaker module described in Claim 13; and
an éperating section,

wherein, a user can operate the operating section while Watéhing the

10 display section through the second diaphragm or the panel.



