1 DESCRIPTICN SPEAKER SYSTEM SPEAKER NDDULE AND .5

. ELECTRONI C DEVI CES EMPLOYI NG. THE SAME TECHNICAL FI ELD =~ -
-The .pr esent i.nvention.relates to a speaker system . a .

speaker nodul e used for videg andaudi o devi ces: and
comuni cat i ons devices, and also relates 10 to.

el ectronic devices. errpl oying the: speaker syst emor the .~ .

_speaker nodule such :as’ a nobil e phone and a video
‘game machi ne. . BACKGROUNDBETRAPTEONENt i onal speaker :
'systemvvl 11 be described . first, with ref erence to 15 -
Fig, 5. Fig. 5 is a sectional view.of a conventional '
speaker “system In the structure shown in Fig. 5,

‘magnet- 1 is pSBMERtSWhEDbﬁ?EﬂI@EMOMEpke_B

to forminner- magneti smtype nmagnetic circuit 4. Yoke "

"3 of magnetic circuit 4 'is ANDnected: with frame 6. On

t he periphery of. frame 6, first diaphragm?7 is -~ .
att ached &HOMECTRONIC ®EVICES EMPLQYING THE SAMRed

- to fit in magnetic gap- 5 of - 20 magnetic.circuit 4.

‘Besi-des, panel 9 is:fixed on the periphery of frame 6.'

- .and furt her on panel -9, subst anti-ally flat second. .
~di aphragm 10 i s attacHEECHNICALBEELD ruct ure above,

first diaphragm 7 and second di aphragm 10 are’

. acoudthecphdsgnt Gavphtich trblategto emebealeek- s;mnnﬂ,la sfﬁealmk module
~ through-hole 12 in enclosed room 11 25 acoustically

wed plbremdeloreﬂid dudphdadess/and comennmicdtianh dagieed, and also relates N |

10

20
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determning the positional relation between the two _
tdlehdhrcagndewees pepleying yhe epedicri sygtemurrh:ha speaker module, such

-through-hole is introduced, for" exanpl e, in Japanese'

ok mmblle phone and a V1deo game machine.

BACKGROUND ART
A conventlonal speaker system will be descr1bed ﬁrst w1th reference to -

F1g 5 F1g 5 is a sect1onal view of a conventlonal speaker system In the

_ structure shown in Flg 5 magnet 1i is placed between upper plate 2 and yoke 3

- to form 1nner,magnet1sm type magnetlc circuit 4. Yoke 3 of magnetic circuit 4

is connecte.d with frame 6. On the periphery of 'fraine 6, ﬁrst.diaphragm 71is.

'attached and further on Wh1ch voice coﬂ 8 is ﬁxed to ﬁt in magnetlc gap b of '

magnetlc cn'cult 4

Bes1des, panel 9is ﬁxed on the perlphery of frame 6, a.nd further on

" panel 9, substannally ﬂat second dlaphragm 10 is attached ‘With the
structu_re above, first dlaphragm 7 and second diaphragm 10 are acoust1cally _

coupled throngh enclosed room 11. : Sound throngh;hole- 121in enclosed room 11

acoustically couples ﬁrst dlaphragm 7 to second d1aphragm 10, determnnng the

.pos1t10nal relatlon between the two chaphragms A speaker system havrng

o | s_u_ch. a. throngh-hole 1s 1ntroduced for example in Japanese __Patent'



2 Unexani ned Publ | catl on No. 2003 179988 The
conventlonal speaker system however; has
i nconveni enci-es second di aphragm 10 - has often .

"'_suffered ther mal - defor mati on"due to high tenperatures
or scratches on the surface by rubbing against ot her -
- obj.ects because of being .5 exposed. Furthernore,

-second di aphragm 10 can vvarp by. its own weight, or: _Can_'-

- Beexapmink@ PildicRaiog NG J0p3st98s. el ectricity, so that
" panel.. 9 has oftien nade a tight = contact with second

di ap Mhagin¥Ontssalngsakanpeseeh, iidwaier0hss ﬁicoﬂivéﬁi@hagm—second
10. ‘'This. has often i ncreased 'sound di storti on, which .

R daphibend 10 hzeafteagaifftybd tA&rmapdsfyanetiba due to high temperatmes _

_'-'_10'

.. above, the second diaphragm has a coating layer. Wxth the structure, the two - -
20

%

performance and reliability of the speaker system.:

- ol SBeA {6 RGN Fhe T fh MVENTLUEDinkh 8 s8R lEhes ¥bjeelt bécaude of bemg '
- present invention-.contains a frame connected to. a . .
_ eﬁfngIC circuit, a first di aphragm at t ached to the

out er: periphery of the 15 frane; a voice coil

o att aghathdréndrieesdcond idishapleha d00caa vesrplIoy ﬂ@bﬁdnwaaight or can be |

into-a magnetic gap of the magnetic circuit; a panel

 pallledciiepatal 9 by dtnoiorsledricitgio ahat pagdl byhddeftbh rahde a.tlght

di aphragm attached panel; and second di aphragm

 cagtustwichlskyorrbaRiptdag® 10@ndoean Bafmpevsdietbrayionbof diaphragm
~panel. In the structure above, the second di aphragm '

10as Thie bakicften Byesasodl ddunidhdisshiftiont wikichtdae bova Beat against

di'aphragns can be effectively shaped and positioned so.

1ﬁﬁ)rb@erﬁ@iﬁ§s ingerfrnidire sdoledisbilityadth epesmest syBterhno
di aphragns,” which increases flexibility in -design.

.. Besi des, applylng .coati ng- on the second dlaphragn1 -
enhances the “performance and reliability of a speaker - .

system a speak®ISOIMSEREOF TEFEENVBNTIONVI ces-

~ enpl oyi ng the speaker system or the speaker nodul e. 25

The speaker system of the present 1nvent1on contalns a frame connected

to a magnetm cn'cult, a ﬁrst dlaphragm attached to the outer perlphery of the

frame, a voice: coil attached to the ﬁrst dlaphragm so_ as to partly fit into a |

magnetlc gap of the magnetic circuit; a panel attached to the ﬂame, a room

enclosed by the ﬁrst dlaphragm attached panel; and second dlaphragm - '_

.acoustlca]ly coupled to the room surrounded by the panel In the structure

chaphragms can be eﬁectlvely shaped and_ positioned 50 as to make use of the

. ‘enCIOSed room between the two diaphragms, which increases 3ﬂe_xibi]ity:' n
design. Besides, applying coating on the second diaphragm enhances ‘the -
| performanc_e and i‘eliability 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 speak_ér system of. an exemplary



BRIEF DESCRIPTICN CF THE DRAMVNGS Flg 1A is.a

-sectional view of a speaker system of an exerrpl ary 3.

enbodi ment  of the present. invention. Fig. 1B is an

- enlarged sectional view of th§ essential part .

- encircled in Fig. 1A Fig. 2
~anot her. speaker system of an exenplary 5- enbodi nent -
. of the present invention. Fig. 3 s a sectional Vi ew
' em:ﬁb@dla:mealoéthamxesent nﬁrealmloe]xenpl ary. enbodi ment. of the -
_present invention. . Fig. 4Ais a sectional viewof =

is a sectional vi ew. of

. anot Héig. $Pénkrrenimged eecfional \esquf lthe psseeltial(parevehcmﬂed in Fig. -

10

20

the present invention. 10 Fig. 4B is an.enl arged view

XK. the essential part .encircled in Fig. 4A Fig. 5|s
-a sectional view of a conventional acoustically
- couplisg. Ryjsea sep&oakzdr VIeys tof mnomﬂspﬂeDE%ﬁTanC&emplary

CARRYI NG OUT OF.THE I NVENTI ON 15 The speaker. system of

"etdnleodams:rofthmpmsent)mmmicm ns a frame connected to a =
‘magnetic circuit, a first diaphragm attached to the"

-out erFiger3 plseays@ftmmlada viewansf, aa speake eaddulat bﬁcmdexemplary :
to the first diaphragmso as to partly fit into a °
em]gmrhmmt@ﬁﬂl@presaetna@miom circuit; a panel attached
to the frame a room enclosed by the panel to which - =
‘the fRigs#AdE apkeciymal siewt dcdmmthealsﬂezslmromibdﬁﬂ)e of an exemplary '
di-aphragmacoustically coupled.to. the room surrounded : :

' ebnbemmqomhéthepresentem\&mm ure above, the second

'di aphragm has-a coating |layer. Wth the structure,. :
the thig. 4B aphn agherged vidve oqﬁt]ﬁteeSseneaypsrtaqmmrc%djm Fig. 4A.
p03|t| oned so as ‘to nake use of the enclosed room ‘

~ bet wdfig. this aweectiioaph nragwsof whccotvenﬂmnehsxeeusncaﬂy coupled type

flexibility in
speaker system. - -

.' _ DETAILED DESCRIPTION OF CARRYING OUT OF THE INVENTION

| The speaker system of the present 1nvent10n contams a frame connected '

; to- a magnetlc C]IClllt: a first dlaphragm attached to. the outer perlphery of the
: frame; a voice co11 attached to the ﬁrst dlaphragm SO as. to partly fit 1nto a

__ magnetlc gap of the magnetm c1rcu1t, a panel attached to the frame, a room o

enclosed by the panel to Wthh the ﬁrst d1aphragm is attached, and second

dlaphragm acoustlcally coupled to the room surrounded by the panel In the :
: 'structure above the second d1aphragm has a coatmg layer Wlth the structure
_the two dlaphragms can be effectwely shaped and pos1t10ned S0 as to make use

' E of the enclosed room between the two-dlaphragms whrch increases ﬂe}nblhty in

deS1gn : Besnies applylng coatlng to the second dlaphragm enhances 1tsf'
performance and rehabzhty

The speaker system of the present 1nvent10n employs a scratch resnstant

- matenal for the coatmg matenal apphed to the second draphragm As for the



_design Besides applylng coatlng to the second

di aphragm enhances its . 25 performance and

‘reliability: The speaker system of the present
~~invention enpl oys ‘a scratch-resistant material for.
the coating material applied th the second di aphragm
-~ As for the 4 ~coating material, cr_oss I'i'nkable acrylic
~resin is desirable in particular, - ultraviolet curable

aatidg. onatesial, | cossttihkpblef ercafie. rdSen atsc t'tlefs@tiib‘}é,<'7lliﬁepartlcu1ar “
of the second diraphragm can be enhanced- by coating a - :

- wlitzviolat chirabledicoflic eeshn 3s Inhndtaprefeaghly) | ScFA8h ReS¥Bce of the R

t he surface of the second di aphragm 5 Furthernore,

. sphdyidimphragmiil tamvbe| ehhawedbl 18y agdating 4 eghdterial formed of

‘“shortens the time for the form ng procéss of the

@oas-lingablet ercrglic tdaii ebyer nbeeasicfiget B¢ the second diaphragm.

“productivity. Methacrylate resin is included in the- .
- Bothermotd, emeployiigotie- hitrdsdblee caedblei ryes résm/tﬁlortens the tnne_ :

anot her ‘aspect-.of -t he present invention, the speaker -

~ oy stlem fermingy sproceskO dfetlie reatisiganhateaialr |bh|erél?'r J_h&%asmg the
coating material of the second di aphragm As or

- pmdecieity. si IMedmcbylace r esdin iis pnehaledbl & Y Chforementloned' |

contributes to an |ncreased heat resistance of the

- @esvlidkablaplergimresfppl yi ng the coating. material of

- 10

~silicon-base resin to both sides of the second

di aphAsgmother aepért of thé presene invuntitaykhe spedltdr ¥ stem employs a

allows the coefficients of thermal expansion and 15

hsattneaxstantmnetemdnlefosdmenrtatﬁmgphemlacldt}tdwedeﬂdtdlaﬁhragm As :

~“material to determine at a ‘sane rate-on both sides,

. fohetlebmaetiahcsiligontbasst adsinh i iy prefesdidpe whith amivdifes to an

~even in a slight change of tenperatures.- As yet

" iancsdsed begpenasisthnté eofptias estord\dapheigm t happbdaakethe coat1ng :

15
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- system enploys an antireflection material for the -

- watarialgofsitieon- hhse)ﬁ'esmetosh@mﬂshdegmfcﬂl@psecaﬁ&\ dléphfaﬁg‘m is much

~‘the.material, a transparent resin having fine - _
. pefarableesthe double coatmg allows the coefficients of thermal expansmn and

contractron of the second dlaphragm and the coating materlal to determine at a

same rate on both s1des thereby enhancmg the stabz.hty in shape W1th no Warp '

2 even ina shght change of temperatures '

As yet another aspect of the present 1nvent10n the speaker system

- employs an ant1reﬂect1on materlal for the coatlng materlal of the second -

d_raphragm As for the materlal a transparent resin havmg ﬁne partlcles :

dlspersed thereln 1s desnable Employlng such a mater1al can suppress the _

- reﬂectlon of hght on the second dlaphragm, thereby 1ncreas1ng v1srb1hty of 31gns

25

' or markmgs d1Sposed beneath the second dlaphragm

As still another aspect of the speaker system of the present 1nvent10n, the -

: .second d1aphragm has a s1ngle layered or multﬂayered coatmg combunng any E

e one of a scratch res1stant mater1a1 a heat- res1stant matemal and an

antlreﬂectlon materlal on one s1de or both sides. W1th the structure an




di_.s'p'e'r:sed therein is 'desi r"abl e. Enpl oy| ng such a

“'material  can suppress the - reflection of. |ight on the:

- ~ second-di aphragm _thereby increasing visibility of

si'gns - or . mar ki ngs: di sposed beneath the second -

o di aphragm As-still anot her- a8pect of the speaker
- system of the present i nvention, the 25 second
- di aphragm has "a single-layered or nultil ayered coating

L aeQEBtAHe 6 @Y mangidfis %eﬁe%h@hﬁz"b]dtﬁﬁteﬂt Qé"heé@%tsﬁfgt 3hnd rﬁore than .

heat-reslstant mat eri al and -antireflection -

. oRte@elf ca bRt tEIn t‘He Mﬁn@d @@étrn%’\hhﬁ rhﬁﬁzl ‘layered coatlng

~ structure, -an advant age of each

eri al

" Sel et HgbthophiigbASE B REEFRSAEYbicANGE TRE Srbhan i jon, the

effects can be expected.in the conbi ned coating an

it tdiap1enseine ds CRRANAD thAs t@i@osdb%hdaéﬁ%hka?%l. fgy employlng- the

speaker systemof -the present invention

SHHARBRFARNS P@aEé%hﬁﬁlets@ﬁfd EREro RN i saphdR B l?%s and devrces

enpl oyi.ng 5.structure for speaker: nodules an

cBhaRt RO HRACE Sivisd IR B8 xR ORVAGEsy. can be

further conpact, giving enhanced flexibility in-

o desi g sitfis apbildr Apather tlfesﬂ?éaqgeﬁfsyste?n %P%Ht‘%&*e%hﬁ@ntmn a

10

~of ‘the present invention, transparent filmis used

o tf‘e&ispfart‘&lt‘ﬁqgﬁ{]CEsdhﬁQd‘rﬂﬂ'mthgysébbﬁauﬁlaﬂhfa " By virtue of the
~transparency, signs and markings di sposed. beneath the

500Gl ARG T A khRedieASIdDbiRAMh tBY REPAO Ui ragm can

the structure for speaker nodul es and el ectronic

Hé@dsﬂ?&eaé ucBy Bslbmgtitd ANitaes fhiadpchtef WiddifEs and electromc

-conmpact, giving-enhanced  flexibility in design.

- 01cedNORME inENES tandl dé¥iBes RRAKRY FEHBLE 'Ebﬁfpdct‘egrwng enhanced

present invention, the second di aphragm has

o ﬂ@@ﬁ@ﬁﬁpﬂ&lgﬁregul ari ty on the panel -side surface.

15

ot her
'the structure the second diaphragm and the ﬂat panel d1sposed in the narrow .

‘Wth 15 .the structure, the second di aphragm and the

f-1 at Apapglandtsaosgdet Bf HREsPAkEP Wy &R 8fﬂltheb$rds@ht Inbention, the
free from attracting each other- by static electricity,

s8éhd @hr@r eae%eraécege rreegeﬂuﬁezen ‘EH@bﬁﬁbl -¥idb leueeeb With

herefore, reliability of

o gap_ can be fairly free from attractlng each other by static electr1(:1ty, and they |

have no surface-to-surface contact with each other. 'The_refore, reliability of

- frequency response can be improved. -

 As stﬂl another aspect of the speaker system of the present 1nvent1on the

_ panel has m1croscop1c 1rregular1ty on the surface on the s1de of the second

_ 'dlaphragm In this case, too the second dlaphragm and the flat pane facmg_

95

“each other V1a the narrow gap can be fa1r1y free from attractlng each other by
| stat1c electrlcn:y, and they have no surface-to-surface contact with each other.

‘Therefore reliability of frequency response can be nnproved

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

drsplay sect1on is located under the second dlaphragm of the Speaker system ' .

Wlth the structure the dlsplay sectlon and the speaker system can be. -



| f'frequency response can be |n'proved As. stl II anoti-h-'e‘r_ -
- aspect “of the- speaker system of t he present |nvent| on;

the - 20 panel has’ mi croscopic irregul arity on the-

"~ surface on the side of the second. di aphragm ‘I n thls- |
"~ case, too, the second di aphra@m and the flat _pane '

facing ‘each other.via the narrow gap can be fai rly
free from attracting each other by static

| -'mbce@bratedhnac@mbetdoeyodtﬂye no surface-to- surfaCe

. contact with each other. Therefore, reliability of .
~ f r eqecglockopin skvienobehe Nprexvat. in®Bniibe spakey the speaker

nodul e of the present invention has a structure in

- mabdwlb dhehe dpagskay seehtion asd lacaimgatibgepaibdle SEeo fsdlucture

di aphragm of the speaker system = Wth the structure,

- reliacadithpphysial bizenfandlédioripdaties. Syst em can be 6

incorporated in a conpact nodule. The el ectronic .

devi @@ @éscirfbedpalesentthe presdritoihveationl f@atefsetosﬂaﬁdéﬁker system‘ |
- modul e of "the present ‘invention and-an operation.

- ysane| theTheecsid udidpteragine dupgag t berapdly-sbdalans) Zl@eatfres&Btant or -

el ectronic device. 5 As descri bed above, the present

:__ antiredfldctionr edatigg t Besidepeaker spe'ﬁi@msys&nﬂgerhﬁEys the second L

.second di aphragm havi ng- scratch-resi stant;

¢ disphrages asdahie, paiel—adther roafl efokhivh h@@&ﬂmﬂ)scﬁﬁﬁ Ilri@gularlty on

10

1
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't he speaker . system-enpl oys the second diaphragm and-

- thbeupfanel-teifsrine acongicallywbiigledhgpe Bpeakecaien.

irregularity on the surface-to formacoustically -

; CoupIMthermﬁorep ch&k etrustistee i spiteFoff hineihgox eclatively large second _

structure, .in spite of having a relatively |arge:.

| diaploagm maphcmmgaﬁmﬁheﬁmWeMg rdfi‘eespehnmsmadﬁ@ 9i'ov1d1ng _'

a Speaker nodul e, providing the nodule with

v thbemd:ﬂbmyhﬂexﬂbeht)gndd@ml nafter, the exenpl ary

embodi nent's of the present invention will be - ' _
d esc Hdrema&drhtheeémmptaey Emhoﬁenaﬁtmoﬂ)amypnegeﬂr ﬁWeﬁd&n will be

'descnbed with reference to the accompanylng drawmgs

. FIRST EXEMPLARY EMBODIMENT

_ Flg lA is a sectzonal view of a speaker system of an embodlment of the

" present mvent1on Flg 1B is-an enlarged view of the essent1a1 part enc1rc1ed

in Fig. 1A In the structure shown in F1gs 1A and 1B magnet 21 is placed

between upper pIate 22 and yoke 23 to form inner magnetlsm type magnetlc )

c1rcu1t 24. Yoke.23 of magnetlc circuit 24 1s connected W1th frame 26 The

- 'outer perlphery of first dlaphragm 27 1s attached on the perlphery of frame 26

25

" Voice coil 28 18 S0 dlsposed that one end is fixed. to ﬁrst dlaphragm 27 and. the

o other end 1s ﬁt n magnet1c gap 25 of magnetlc circuit 24,

Besides, panel 29 is ﬁxed on the perlphery of frame 26 and further on

' panel 29 substantlally ﬂat second diaphragm 30 is attached Enclosed room'

' '_31 acoustlcally couples v1a sound through hole 32, first dlaphragm 27 with



:15 FI RST EXENPLARY ENBODINENT Flg 1A Is.a sectlona

- 7: view.of -a speaker system of “an enbodi nent of ‘the

10

15

"~ hi gh heat . resistance, such as si
Mohhﬁtlon ie., enhancmg heat res1stance of dlaphragm 30. Furthermore

s present invention. Fig. 1B is an enI arged vi ew of ‘the
~essentijal part encircled in Fig. tAIn the structure -
" ‘shown. in Figs. 1A and 1B, magfet 21 is placed 20

between upper plate 22. and yoke 23 to.forminner

' ."-:‘rragnet i.smtype nmagnetic circuit 24. Yoke 23 of ' ST
- SRgAAt Aapbirdghi $0.24Sberd0 WA BEnN IO i 'BHR A2 GritH f}ﬁatenal that

out er- periphery of first diaphragm27 is attached

- &hleaRRE tRB 9ENaKfityf aﬁ&fﬁe?f@rma\{@e BLAL ?ﬂllra 4 SO

"di sposed that one end is fi'xed: to

I rst diaphragm 27

and- tBg eRp tt@ﬁn%erm scaatfchtresatﬁﬁ@o@ﬁaﬂe@mﬂaﬁ#éoaing dmatenal the
nagnetlc circuit 24. 25 Besides, panel 29 is fixe '

Sganest phehd dipHraghe 365+uaa<r1ﬁyf H5ohed 10 eutaa@ﬂls g)?otected by a

substantially flat 'second diraphragm 30.i s attach

- Eard enrd AR (RlRRRUSTiatakihY SRYALASLIY] fosirablo.
- through- hol'e 32, Fi rg%gsdlaaphlr agm 271\%|§%h ?@”?e%bgﬁ“‘% esirable

_ m?ﬁﬂﬁ(ﬁﬂﬁr %@tram&n&uﬂbﬁaoaé@%@r%&d 2 hoeh %@ef@r&b‘le The coaﬁng o |

erial that enhances thereliability and

- RA1 bestBBNS&0Rl HhFRIAEY B3R onBYAHE RYARY t& rubbing ahgamst other_ :

scratch-resistant material for coating material,

- SWBERCEhdrbhP 88 r&vﬂgadebﬁt@me’épswﬁé@bf &a%ﬁagxsdseo Furthermore,___ .

outside-is protecte

by a - 5 hard coat

R4S ABEaheMiondd FRSaVibll Ak SHIB W iCrdsps an'shorten the time
desirable. -In particular, ultravi.olet” curable acryli c.

- fo@ FrPingSthEUShtRE @h Seial Q:heﬂil%r aa@éagrﬂg tRAProRERS .

~-second di aphragm 30 from scratches dueé to rubbi ng

agai mglat@tifiewithdiER Hedt rbIGEAIS, §0H QY kiHgoR Wadb GBsin, can be the o

- resi stance .of di aphragm 30. Furthermore, the use of

ARk icened MY aikObPthcW RBistRC hydteSial €8iD fiBfect second

shorten the time 10 for drying the coating nateri al

diaphelyi 36 wedst Mgh hempeesinbh v?favenﬁatgeaﬂaghraxgﬁhao fm heat

i con-base resihn, can

applymg the heat res1stant coatmg matenal to both s1des of second d1aphragm ._

30 is much_ preferable—the double coatmg, allows the -coefﬁaent_s of thermal

L ".e'x.pa'nsion and contraction of the second diaphragm' and the coating material to -

.20.

'_determme at a same rate on both S1des thereby enhancmg the stablhty in

- shape w1th no Warp even ina shght change of temperatures. - - o

An antlreﬂectlon materlal can be employed for the coatmg materral

- The use of antlreﬂectlon- coatmg mater1a1 decreases the reﬂectlon of hght on

L 'second dlaphragm 30 thereby increasing vrslbrhty of s1gns or markmgs'

95

d1Sposed beneath dlaphragm 30 As for the ‘material, a tranSparent resin

' -havmg_ fine part1cles d15persed therem is desirable. The s1m11ar effe_ct_can be

ﬁobtained by embos’sin.g the surface after coating.

Tlne coatmg can. be formed such that combmatlons of dlfferent coatmg

layers or multl Iayered coatmg of dlfferent coatmg materrals on elther 31de of”



coating material. The use of heat-resistant 'mat-'er- ial

can- protect- second di aphragm 30 under. high™

““tenperatures, - preventing diaphragm 30 from heat

defoormation, i.e., enhancing heat resi stance of .

" di aphragm 30. Furthernore, 158applying the

L heat -resi stant coating . materi-al to both ‘sides ‘of

..second di aphragm 30 is much preferable-the double =~

ﬁ&ﬂisur&cém(ml\ﬁr bhék seahid SORNGSo®botheides! Tﬁé@ﬁﬂ%!n@ﬁf surface-
~and contraction of the second di aphragm and the = :

- 3ebi Rerfes FUB oxt Bothd 6t sHsNBadt b cHRTRATRItR e @(Stitﬁlg layers |

si des, thereby enhancing the stability in shape with
BPmBAr ¢ BMeMaRrdlSs Wiht hi‘ghagéi%tﬁf TeSIEPA @t S - re%@sté\libe and .

~o antireflection . material can be enpl oyed for the

.7: GRABEH IR EWid the FP8ctusE Af adMinta gfa |o§‘éhbl§? B A48 8l 'i‘égselectrvely'
“mat erial decreases the reflection.o -

 btania @Mt tORIRRkId e T AMkeyi ST bi Lity of signs:
~or ‘markings di sposed beneath di aphragm 30. As for the

.t eriah, the JdbaTIRRr bterh@Ridhed @Ak fiaEriMR bk lager can

l'i'ght on  second

di spersed therein is desirable. The simlar effect can

e difkEently alopRdd byn SRHOS SiFHcd BRAS Hhﬁaﬁﬁclé‘fshﬁface 30B of second
~.coating.. The coating can be fornmed such that .

10

(ﬁﬁ?ﬁta@i ig00s Withild epstihe caatadiginthsy fSeRh coatin materral is
ti-layered coating of different coating materi-als - . _

 Plocivblyesbiaindd @koslinktoRbq S BE6fRAaREe back surface
- 30B, or-on both sides. That i.s, one of surface 30A or .

sur f FugtBiBace! rﬂ@lthlaéié&‘écﬂ%@ﬁnﬁgycohﬁnﬁ@deﬁrﬂﬁ Whi fbﬂeh@f coatmg

:-coatlng | ayers - for N
1Bataidh abess %Iiﬁl‘b‘eeapﬁﬁéi t6 e8écridadR@hragsh 30. With the structure,

of the materials with high

antireflection the structure, an advant age of

o m@ﬁvﬂ?_ﬁagel ol edch snltefihl Ve lylebtioblyabiathal @@(Editiﬂ% t6 requested .
ste

reque

: performance. Wth the. use of ‘the
Rirfiaimnt) 9Red sleahling of eflfeits ak syfcsatfia dadyes eg@dtted i in the

. 'be differently formed on front surface 30A and bac

5

_ﬁuﬂﬁmr@@&;gﬁngecond di aphragm 30. Wth the coatl ng

an advant age of each coating material is-’ -
The structure of the ernbodlrnent as described above, can enhance the

_ rehablhty and performance of second dlaphragm 30.

7' '_ 'SECOND EXEMPLARY EMBODIMENT

20

95

~ Fig. 2 ﬂlustrates the structure . of a speaker system of the second

_' .embodlment of the present 1nvent10n The speaker system of the embodlment s

employs ﬁrst dlaphragm 27 having an outer dlarneter srna]ler than that of
second dlaphragm 30 To be more spec1ﬁc second d:laphragm 30 has an outer_'
B dlameter Iarge enough to 1nc1ude the whole structure of first dlaphragm 27. In

~spite of having a relatlvely large second .dlaphragm 30, the structure above

encourages further downs1zmg of a speaker rnodule prov1d1ng the module Wlth -

7_ ﬂex1b111ty in de51gn
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e e R e e e e e s ARSI

seIectrver obtarned accordrng to requested
performance. 10 Furthernore, nultl-layered coating -

_..conbi ned. wi tth any. one of coating  naterials above can
--be applied to second di aphragm 30.. Wth the structure,
“an advantage of . each material 9is selecti vel y obt ai-ned _

~~.according to requested performance, and a plurality .

. of effects or synergy effect can be expected in-the

' THtRD HRESECARYAMBODIREN® Structure of the

enbodi ment, as descri bed above, can enhance the -

Corel i ahi dHat
secor%r% %i)%Eg CARY I\S/EB%%WE%T?Q Etléaeé%ﬁ?‘?%st rat e&g&’%galent Bl s

ulgi‘ Wb & Re dj%tpﬁxﬁlﬁgrﬁeBO SYBY S0k dfrthestﬁﬁﬂilgagaégy, items disposed

I ment o sent |nvent|on

Lerad séc'dﬁd?ﬁ%%&l ehan SERLENT rbdd. St o é%ilhﬁ:ﬁﬂlezsﬁ)érce under ‘

avli ng an oute snal er t an t Seco

: 't@e%%ﬁﬁ%%ﬁlrg%lﬁ%vm SRETA eydtft to% ﬂd ﬁt@@ Weﬁﬁ@&lgtﬁrectlon '

- -has an "out er

| PI0LR o8lih P HoFizf tgp aﬁéctrthapm%g%%ap in's sg,lteS@ﬁzslﬁé a relatively .

iamet er rge nough- t ~1nc

having a relative |'ar ge secon
_ n I
B s ‘ﬁ%’ﬂﬁ%gé? G éﬁ?ﬁéﬂﬁot“)“*@ eng%@fe%ex. BPF dBynsizing
N ]Eég t he '
dgr?eakergg%ot%g%ngo%%e t%@rd errbodl a transparent

filmis used for second ‘di aphragm 30 By vi.rt ue of

- the tr'ansparency, i tems di sposed. beneath ‘the second

- FOUNTRERERPIERISMBODEAENThe expl oi tabl e space
~-under 5 the transparent filmallows the parts-layout

to. e)ﬁ%ﬁfdlhg thhdieV§chkeA lsyflieh 6f kRE fourdA é&ﬁhomﬁﬁedtnmrcroscornc '
t he hori zon diréction.  Therefore, .in spite o .

MR 4R aspaedyeaarsen%aesfsb AREAHA sepaagm W0onthe

~structure above -encourages further downsizing

" side of panel 29 or ii) on the surface of panel 29 on the side of second d1aphragm

15
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30, With the structure, the second dlaphragm and the flat panel disposed in
‘the narrow gap can be fairly free: from attra'cting each other by static e]ectricity,
.. and they have no surface-to- surface contactmg Wlth each other. Therefore' the
o structure free from sound d1stort10n can 1mprove the rehab:hty of frequency

3 characterlstms

_ FIFTH EXEMPLARY EMBODIMENT

I—Ieremaﬁ:er Wﬂl be descrlbed a speaker module of the ﬁfth embodnnent

.of the present 1nvent10n F1g 3 shows a speaker module havmg at least"_

: dlsplay sect1on 41 and speaker system 40 Speaker system 40 employs second

o draphragm 30 descr:rbed in the first through fourth embodlments Speaker :

.25

_'module 50 has a structure in w}nch speaker system 40 is 1a1d over. d1sp1ay '_

: - section 41 50 as to cover d1sp1ay section 41. Second “diaphragm 30 of the _

embodrment 1s,formed of a transparent film, and a part of frame 29 at least .



,10.:

15

[fof a speaker nodule as’ mell as glVlng erxrbrIrty |n
deS|gn 10 FOURTH EXEMPLARY: ENMBODI MVENT . Aocordrng to b

the speaker system of 'the fourth- enbodinent, L
m.croscopic: irregularity are _disposed eit her i) .on

~ the surface of second di aphr aym 30 on the . side of *
“panel- 29 or ‘ii) on the surface of panel 29 on the si de
“of ~second diaphragm_ 30. Wth the structure, the

faengnaedndtiaplragmd3a Hie shde qfanefranémpesedmates. t Math the
narrow gap can be fairly free fromattracting each ~: -
stitvesureh displast Sectionet disposes, bermadihttheyram;;mrmt film sheet can be

- -surface-to-surface contacting with each other.
 sébe tiefomgh, paied 294tom cheadérection of senmslohaphﬂagh@ot ion

can inprove the reliability of frequency

' char dntatr dcetibtisalli? 60w Ed 8pEXEYRINARYcEABEREMGHE for n:nprovement

Hereinafter w |l be described a speaker nodul e of the

ifij infbiaeutizttiorerind Abxitiktyp e stesigr, nilentisenof B stificture abdve

shows a speaker nodul e having at |east di spl ay

_eshahi@n thd ralidbAitgaked myréiremnte. ofSpepdaed . syaﬁﬂndtb@hragm 30.
. enpl oys second di aphragm 30 described in the first - :
- Rammdngutloarhbd elehe staniley thp eatmssébinmashenshlplineasr an parts
~ structure. i-n-which speaker system 40 is. |aid over ' _

ddstsibudion, teatby codtrilacing td @stovdncedi mpdaytieact i on 41.
Second di aphragm 30 of the " enbodi ment”i's formed of a

~transparent film and a part of frame 29 at |east 10
- faaci ng second di aphragm 30 is made of a transparent '
- ST EXEMRALARY BMBODIMENRE,  di spl ay section 41
- ‘di sposed beneath the transparent filmsheet can be. ' :
- seen Higrdgh r:pa;eemer% Viewnof hemdbile qiticore thats emplays a speaker.

'di aphragm 30 In an acoustically coupl ed speaker -nmodul e

- thedhilagof eomebdrodimenbvefiehe présémt mvémtion.i z #igorBastows ‘the.
o flexibility in design, the use of the structure above -~
eesdreid gt bfendtdebii Fig 4ad perfornance of exposed '

second. di aphragm 30: ' .
: The electronic device of Fig. 4A is moblle phone 51 formed of 1) speaker

.'module 50 at least contalmng dlsplay sectron 41 and Speaker system 40 and u)

. operatlng sectlon 42,

Mobile phone . 51 employs speaker module 50 descrlbed in the ﬁfth'

o 'emborhment The essential part of _the dewce is _so formed ‘that speaker_ :

90

25

module 50 is attached to outer case 52 and operating section 42 is 10c_ated next

- to speaker module 50

| Front surface 30 of second d1aphragm 30 of speaker module 50 asshown

~-in F1g 4B is prov1ded W1th coatlng having hlgh heat- resmtance
. scratch res1stance, and antireflection. On back surface 30B of dJaphragm 30 7

. ‘microscopic 1rregu1ar1ty and heat res1stant coating are apphed

| Dlsplay sectlon 41 1s located in the space under second dlaphragm 30

N made of transparent ﬁlm and the transparent panel, and operatmg sectron 42is -

dlsposed next to_dlsplay section 41. The structure allows mobile phone 51 to
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| 15'

90

- speaker - 5 nod

 RRAbIRY ahll ﬁ%&%ﬁ%%&'eﬁﬂ%ﬁ'@eﬂ@n& H?aﬂﬂrhgn?@@r ating

-structure al

- Forming such a nmodule can sinplify the processes in -
- assenbly lines or in parts distribution, thereby:
-~ contributing to cost-reduced production. 10 SIXTH .. . .
" EXEMPLARY EMBODI MENT Fi-g. 4A is a sectional viewof a .
~nobi |l e phone that enploys a sheaker nodul e of .an . - -
.~ enbodi nent of the present invention. Fig. 4B shows the.
“essential part of encitcled in Fig. 4A ~The electronic

e 50 at | east contalnlng di spl ay:

e gec Eéigbo&f 41%d "@PbhRa RO TRxHLiE rﬂeﬁeéi%n' )u:npmvmg the .

sectioh 42.” Mobile phone 51 -enpl oys speaker nodul e 50

descr idatlafiRg bBRiéi b RanSUEmdb AL BIRSSARA B oRBble, asa "

of the eV|c iI's-so fornmed tha speaker

: t%h&l"i‘fﬂ?xgﬁl Uon @ Hoth &%@pl@% é’é&ﬁogp%i %Iﬂdng ﬂgOQec‘h%n' #2 can be

I oca next 20 to speaker .no e 50. ront surface

BBhekdsROads S AR AGMAOLARSIRA IO Ti80as8Ston, applying

In Fi-g. 4B, 1s provided wth coating having

anti're

- J&'&lﬁ!ﬁ h?féé Ex%%isﬁh?é}ﬁeﬁlm%aeé %céﬁ&'&ﬁ?ﬂf@gmaﬁg can (1)n1prove the

ction.. On back surface 30B of diaphragm 3

"ﬁhﬁbﬂfﬁf%& gpérfcfr%%ﬂc@rdfttﬂe angHeghs ' €si stant coating.

- are applie

Display section ™41 is located in the

Spac e ehctee %P%@bf’é%@ﬁﬁilf@e%%oﬂ@ﬂ?ﬂﬁis fo%ﬂft@@ﬁﬁﬁ&turrzatmn -
filmand the transparent panel, and operating section =~

Aeibdity th a&agﬁdaﬂ& i‘éhé‘tﬁh%’ &hd ﬁ)ért%?ﬁltah@é‘ oftthobflB %hone 51.
ows mobile phone 51 to 11 have a’conpact
body .and to enhance flexibility in design, i mpr ovi ng

“the reliability and perfornmance of exposed second

di aphr agm 30. = CpenaUYTRIAL] OPPEECARN PEYi ntegrated

"~ into the .panel, for. exanple, as a . touch panel, .and

Dot h Fie peiteseyibéinl £ Ahe AdaRBE AL SLGId Brockht invention

“can’
employ a transparent ﬁlm and a transparent panel for the structure. By

V_ 'Vlrtue of the transparency, the-dls_play section disposed under the panel canbe -
- easily seén ie., the display 'Section can be located adjacent' to the sound

| producmg section. The structure can be w1dely employed for V1deo and audlo_

eqmpment commumcatlons eqmpment video game machmes and the hke



AR -

r ._'5 dl sposed inthe space under the transparent fr I m n
‘this case, too, applying coating over transparent

film made second di.aphragm 30 can'inprove the

‘reliability and performance of t he di aphragm The
- structure of the.present i nvdBti on can thus pr_ormt e

mniaturization, flexibility in design, and _
reliability and perfornmance of mobile phone. 51. 10 o
I NDUSTRI AL APPLI-CABI LI TY ThpAgnERker system and the
speaker nodul e of the present invention: enploy a

transp}%ﬁ&;kgﬂéygteqﬂgoﬁpﬁsﬁr@parent panel for the

. structure. By -virtue of the transparency, the displ ay

7 secti on ,dh3PEIREY gt hhenpaBeircaan be 15 easily

~of the far

seen, i.e., the drsp ay section can be |ocated.

“adj acent, ﬁﬁt%lﬁ@gﬁﬁﬁx&{ Qﬁ“a%dtﬂr F@ﬁbh@igx of i@ frame;

structure can be w dely enployed for-video and audi o

. equi pTeRt voiEOTHMNRALLPBE wRALh RIBRE 14188 Frd8Maphragm and an
~machines, and the like. 20 12. CLAIMS 1. A speaker - :

oSS &1 GORRIchSs 7Y w@hﬁf@%ggﬁgig dges Jfeha iBEReld Grevit;

circurt; a first diaphragm on a-outer. peri phery

1 aBtoRh¥Q1t6 Bhé Bigme;oNe end. of which is

. fixed toéhe first di aphragm and an other end of

10 )

15

 which i fhdmWalbbitnded BYNEd $agal tofwhith {RORRL Glaphragm is .
~circuirt; a panel attached to the frame; a.room

a%&{ch@@rgg{i by ‘the panel to which the first diaphragm "

.-1's . attached; and 10 a second di aphragm acoustically

coupl ed a"‘héd&nﬂhﬁaﬁﬂfﬁ'@rﬁ la%ﬁslﬂéiﬁli/ oupled with the room surrounded

.-._hy the panel

wherem the second dlaphragm has a coatmg layer on a surface K

N 2. The speaker system ac_cording to Claim 1, wherein the coating layer is |

formed of scratch-resistant '_m_at'eriaI; '

3. The speaker system accordmg to Clalm 1 wherem the coatmg 1ayer 18

: _ _formed of heat-re31stant materlal

20

L 4 The speaker system accordlng to Clalm 1 wherem the coatmg layer is

' formed of ant1reﬂect10n materlal

5 The speaker system accordmg to Claim 1 wherem at least one surface -

'of the second d1aphragm has smgle layered or multi- layered coatmg materlal

formed of any one of scratch remstant heat res1stant and ant1reﬂect1on '

matemals. g



by t'he panel wher ei n. n the second d| aphragm has a-
coat.i-ng Iayer on-a surface 2. The speaker system

- accordiing to Caim1, wherein- the coat| ng layer is 15

. formed of scrat ch- resi stant material. 3. The speaker -
system according to O ai'm 1, I#herein the coating I ayer o

- is fornmed of heat-resist ant mat-erial. 20 4. The :
'-speaker system according to Claimi, V\her ei-n the

coat gnghb %@&kéxssyst@m@iéoﬂﬁngltbldrﬁzf dnﬁtcbf Ohiffinl Qhr@igh Clalm 5,
5. The speaker system according to Ctaim1l, wherein at -~

B '_ WiRASin QRO diAsiRa ol isldiRalaconG: thearkag ﬂizﬁﬂﬁagm

10

15.

si ngl e-1 ayer ed or nulti-layered coati ng mat eri aI 25 .
formed of any one of scratch-resistant, :
heat-resistant, and antireflection mat erifals. 13 6.

The $pRkapeaKst SRCAIHt 18 gte N6 Ofaifdl @'tﬂréu h Claim 5,
‘t hr ough Cl%gt)lem 5, anmkﬁer ei r? thegfl ra’si?y%l aphr aglm is g '1

- vaEklPthd §aBnd Aeaptaaenricd ApRkparent filmhe speaker’

- systemaccording to any one . of .Claim.1 through C.aim

5, 5 wherein the second di aphragmi's a transparent
film 8. The speaker system according to any one of-

Clai g ThehpeHEsr &b RocordB8tsidhyt Hge PAOMIn $ tﬁ&@t@gtpmalm 5,

a transparent materiat. 10 .9.” The speaker. system - -

o Vﬂtaeﬁﬂﬂ{w% 12138 MR TR trhdpdbeht bhdtewian G aim 5,

wherein e second di aphragmi's -a transparent film ..
‘and the panel is nade of a transparént material. 10. .7
The speaker system according to any. one of Claiml

-t hr 09QIThe! spekér systomhbrlifgttocuBeeesn el @ﬂ:ﬂﬁhl&ﬁﬂoﬁg’lﬁ(ﬂalm 5, |

m-croscopic-irregularity on a surface confronting t o
widiein the second dlaphragm is a transparent film, and the panel is made of a

| transparent materlal

- 10. The speaker system accordmg to any one of Clalm 1 through Cla1m 5, .

Whereln the second dlaphragm has mlcroscoplc 1rregular1ty on a surface o

' _:confrontmg the panel

20

25

11. The speaker system accordmg to any one of Clalm 1 through Claim 5,
whereln the panel has m1croscop1c 1rregu1ar1ty on a surface confronting the

second dlaphragm

. '12': The speaker syStem according to Claim 1, wherein the.'ﬁa'me forms a

. first room surroundmg the ﬁrst d1aphragm the second dlaphragm and the :

panel form a second room, and the first room and the second room are

connected throughahole.

C13.A speaker module comprising: -



e e e ol IR

11.° The speaker systen1accord|ng to any one. of caim. 1
-through Claim5, '~ wherein- the panel -has mcroscopic .
irregularity- on a surface. confronting the 20 second -
_di'aphragm 12. The speaker systen1accord|ng to daim
-1, wherein the.frame forns a 14irst roon1surround|ng
the first di aphragm the second di aphragmand the -
‘panel forma second room and the first roomand the
second 1 9kl syRfent BBSQMWATin OLOHOR Amdol e 13. A
speaker nodul-e conprising 14 a speaker system. =
~descri begl gi 1&}gkﬂb% and "~ a di splay section, wherein,
‘the dlsplay section is attached under the speaker '

- syst eghaRsh, fedidprR! SoctRRcld Qﬁ:a@HéH t9@1d§f3%]?1e tsP[eQE&h system. and
‘the second: dlaphragn1or the panel ectronic

e ﬂevm@elaryeeaﬁm bAWha s8HE B R sec&ﬁf&fdp@leggmrbxq}@ fénel.

©13; and an operating section, wherein, a user can
5 -'operate t he operating section whil e watching . the 10
~ di'splay 'section through- the second d| aphragm or. the

. panel14. An electronlc device comprising:
a speaker module descnbed in Cla1m 13, and .
-an operatmg sectlon | | |
.wherem a user can operate the oﬁeratmg Sect1on whlle watchmg the

10 dlsplay sectlon through the second dlaphragm or the panel



