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PCT/ JP2004/ 017663 1 Description Loudspeaker and

Apparatus Using the Sane 5 Field of the Invention The
- present invention relates to a | oudspeaker and an

apparatus using the |oudspeaker, such as acoustical

an information comuni cation devi ce,
PCT’%&%P%U& g el ephone, and a gane devi ce. 10 Background
of the Invention A convehtional |oudspeaker disclosed
in Japanese Uility Mdel Laid-Open Publication
No. 59-50191 will be Desmipthed. Fig. 16 is a
cross-sectional view of the conventional | oudspeaker.

Fig. 17 is a cross-sectional view of a diaphragm an
essenti i%ﬁ%r“ on of the conventional 15 | oudspeaker.
Magnet i E?ﬁl?er@qdn%lmﬁefé'é‘lﬁ@@'é‘g the Same2, yoke 3,
and nmagnet 1 provided between upper plate 2 and yoke
3. Yoke 3 is coupled to frane 6 w th an adhesive. A

periphery of fra hered to di aphragm 7. Voice

coil 8 is adher egFtlg gaﬁaﬁ‘rvgﬁﬁf"? and is positioned in

tm. t sho
SRRl b o500 s

Fig. 17, diaphragm as convex por

the lovelsp@rkeposichOss aGARNRAI ROk, % fo’f F&gﬁu e%ﬁﬁmt%{%%i&on

section. In order to have a ness

devicd, pattsbkatetsphione,| atdes gam@m@mant s having | ow profiles.
If overall height H5 of diaphragm?7 is snall,

di aphragm has a small rigidity, being prevented from

transm tting vibration of voice coil 8. This may
Ba"kgr%’?fgg} edgueRfion essure level in a high 25 frequency

‘ﬁ‘%ﬁ d l.ower. an [imt frequency, narrow ng a

%&B@ ﬁ%@ge Fiy. Jaggmiege aUtility Model
Laid'(?% u;bg.%ghg C#Ipﬁ%ﬁglomger dggcrxly %ﬁt ! o]f'f]‘l?gl 16 15 a
cross-sectional view of the conventional loudspeaker. Fig. 17 is a
cross-sectional view of a diaphragm, an essential portion of the conventional
loudspeaker. Magnetic circnit 4 includes upper plate 2, yoke 3, and magnet
1 provided between upper plate 2 and yoke 3. Yoke 3 is coupled to frame 6
with an adhesive. A periphery of frame 6 is adhered to diaphragm 7. Voice
coil 8 is adhered to diaphragm 7 and is positioned in magnetic gap 5 of
magnetic circuit 4. As shown in Fig. 17, diaphragm 7 has convex portion 7a
at the center portion. Convex portion 7a has an arc cross section.

In order to have a small thickness, this loudspeaker includes
components having low profiles. If overall height H5 of diaphragm 7 is
small, diaphragm has a small rigidity, being prevented from transmitting
vibration of voice coil 8. This may reduce a sound pressure level in a high
frequency range and lower an upper limit frequency, narrowing a reproduced
freqtiency range.

Fig. 18 is a cross-sectional view of another conventional loudspeaker
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2 disclosed in Japanese Patent Laid-Open Publication
No. 2003- 235097. Magnetic circuit 104 includes upper
pl ate 102, yoke 103, and magnet 101 provi ded between
upper plate 102 and yoke 103. Yoke 103 is coupled to
rame 106. A periphery of frame 106 is coupled to

PC%U&?%BWP&@W%lO? made of a 5 resin film Voice coil 8

has a circular cross section substantially paralle
_ _to diaphragm 107 and has a cylinder shape. One end

discloggd \igi chapenese Rgent Laidupped Pobliiadivnr A§nR005 2980947

the other end of_ voice coil 8 is positioned in

Magnggg saenié Yepinehslesunmey mdetec 102.rxaket 100 andamagueteiol
prov B2t AR L a0, LSS Snae
o, AP RoR Pk Sl AT v e MR "
. j : [ j I ' il 108 h
rein MV ot SAGARODoF BMAL S SO R &
diaphtQ4¢SiRgaked RO AIRIEF $hapd NB3e %%%”%P%i%‘ %:o%i 108 is
required to have a snmall thickness and a small Sizé

coupleiatishMggn® 107 Sdiffnthe cbhed Okd BfvALEEHT 8R4 fodB¥AGEn
i ncludi ng the | oudspeaker, such as portable

magnétéd ggyhbiteof magmetinmtduit 104 k dassutan shépesstalidplidags. 1070
particul ar, an apparatus receiving stereo sound,
seen feque Hirgetien PdO6ap ko ellintiéphshape thatican ds plaved at a side of
. Loudspeaker rqovi ded at both sides of a display,
a displayc %Qoﬁabfeqiﬁﬁ)@%@ilyst Alcrefssysichign of Jigphragyul ¢7 mgiden

.area for e | opdspeakers that.is tw.ce, |larger than
couplife Sestied 107X et SHicRHAFhrasmie SuplgH Faicaicod Josdas 2
hernore, such stereo sound apparatus

1Eur
Subs@%%%?ggf’eakﬁeféaerpni c circuit for signal-processing
s u S arger area
oA Mok obeier, Bt S 1§ 1 B Sh88eny
requirt@8b havé lal shh P YBRRABkES S BV IPes) a?&ak i jch
1 25 their adi aphragns do not havegcigragu arI%s) a%ed'rsalr'nb\é\llg}ti
for an beerofiealeefecliadlubthg theN@idspdaRéy, st AGidrible telbifonds
el | i pse shapes, track-1ike oval shapes, and
to & small thickness and a small size. In particular, an apparatus receiving

stereo sound, such as a portable telephone, includes two loudspeakers
provided at both sides of a display, such as a liquid crystal display, thus
requiring an area for the loudspeakers that is twice larger than an area for a
loudspeaker of a monaural sound apparatus. Furthermore, such stereo
sound apparatus includes an electronic circuit for signal-processing and
sound-amplifying that requires a larger area than the monaural sound
apparatus.

Various types of small, slim loudspeakers have been developed in which
their diaphragms do not have circular shapes but have shapes having
longitudinal directions, such as ellipse shapes, track-like oval shapes, and

rectangular shapes. The slim loudspeakers are positioned at both sides of a
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rect angul ar shapes. The slim | oudspeakers are
positioned at both sides of a PCIT/JP2004/ 017663 3
di splay, such as a liquid crystal display, so that
its longitudinal direction is parallel to the
di spl ay. Thus, the shape of the |oudspeaker in its
PCT/IBPORAO17Efi3r ect i on reduces the size of an apparatus for
reproduci ng stereo sound. The apparatus described in
above al so requires that the | oudspeaker 5 has a
displagnaich dsha dignes srysidlalishlapheoadvat ibalonpgulimia direttidibis
reduced, has a _small rigidi%y, hence causing
parallghtre sbe sisplay.e stnmsn dbe abdrafafetde lydepankeoundits plane
. pressure freque?cy characteristics. .-The slim
directjoy redpeesitbe $1751aL &l aPRArTE fon XaprPdEHRe Hevenspuadt er
and,a circul ar

ﬁ%aséﬁ%ra%fs“ﬁwr : %ﬁg%paé&c{v‘é%saoéff?a e%?%rﬁhﬁglrﬁl B9a%5om
VOIi i 10 . i .

has o YeB1fBeod TR SRR ST BRIt g o

small }&%@l@ﬂ@é i&ganneeéasg s%x?{e aﬁﬂm&fl el s dudi@n

a Clrcular snape has | sperse esonance t1requencl es

pressi@FreqidgfcPPh AA8EH4tIAOL concentrating to a specific
frequency since distances from voice coil 108 to

Thi dlimpletndfitakyrsloftéh alodade dipbraganhb@h@seer shapes
different 15 from each ot her depending on an angl e.

other Than iansirddaofhaps, cadcaidircBlan vace carh | Alsugen pbrtion of
. . diaphragm 107 from coupling section 107A with voice
diapheagmn 187 fratn woiee peili1Cff tostiipepetiphery WEE hardhemsoateng.

o bRk Rk e SRS 10Tt Bt S

s B e el BRSSO
' ' ' [ . d t

v of GRS AR b SR OLTENS sl

i S 314508080 0oL Wity O k| LI
from %hﬁgggrweggn@j@mr@gﬁég] provi des the | oudspeaker

The inside of voice coil 8, i.e., an inside of diaphragm 107 from coupling
section 107A with voice coil 8 has a circular shape_, hence easily resonating.
If height H106 of diaphragm 107 is small as to reduce the thickness of the
loudspeaker, diaphragm 107 has a small rigidity, hence often causing
unnecessary resonance. Since being made of a resin film sheet, diaphragm
107 has its small internal loss and often resonates.

Diaphragm 107 has a cross section has a single arc shape to allow a
metal mold for forming the diaphragm to be prepared easily.

The small rigidity of diaphragm 107 provides the loudspeaker with a
low upper limit frequency. In order to reduce the thickness of diaphragm
107 having the cross section having the single arc shape, diaphragm 107 has

large apex angle T106 at coupling section 107A, hence reducing the rigidity



25 low upper limt frequency. In order to reduce the
t hi ckness of di aphragm 107 having the cross section
havi ng the single arc shape, diaphragm 107 has |arge
apex angle T106 at coupljng section 107A, hence
reducing the rigidity 4 of coupling section 107A
Summary of the Invention In accordance with a first
aspect of. tﬂg present invention, there is provided a
of g@%gﬁ Rt rising: a magnetic circuit having a
magneti c gap;: a frane coupled to the magnetic
~circuit; a voice coil having a first end positioned
in the magnetic @apm nd opposite to the
first end, the v0|cgﬂg%i éﬁﬁ@?ﬁgﬁa center axis
provi ded through the first end and the second end,
and a di aphragm coupl ed to the second end of the
voilgeaceoidan@nerithhg firkr aspeet bhehd ipagbntagivehidot, be® is
first portion in which the center axis of the voice
prodddd a bupspeakatedmptitegf 2 megnger diicoit having henalingpb gagm
bei ng provided inside the voice coil, the diaphragm
a frame heupledyvion ieamegastiedcipait i o noisatesildeaving ay I en
coil, wherein one of the fir ortion andf%he second
popigpein the magaeti SABHPIGhY Hlafi ﬁ eRRSKe Wetheifhst god- the

BT g5 TR ST 5 o5t B
e 08 PRt Bl G PR B TR B0 ot L 6
fr&EIHGO\ﬁléj F uﬂaﬁ@%ﬁ%st &%ﬁllﬁ 'vﬂ?ch theBARL LG of the

Clrcui gnetl gap; a frame coupled to the

voRRARAL ﬁro@icfeﬁ UﬂhE fir® pYRIdHIARE HiaPRMiRbethof ﬁrﬁﬁﬂe& fffide
positioned in the magnetic gap and a second end

th@PHES bAIE theddihptRadth Tethed having Aeedm@idgRrifa dutkidy ihey otce
center axis provided through the first end and the

cofieoheardinend; ofahel fiest poajonragithe excphé gottion dfhiee dieplmagm
end of the voice coil and the franme, the diaphragm

hakawiavg sectibn e plapeinclushing thewhitehatihand dre epssare oot
the voice coil is provided, the first portion of t he

thetioap f Sasniitse PAGLOradi e gesand; Rpatiom of mﬁ ¢iaphragp has g

I aphragm further
ell?pt?c-arc S gape

In accordance with a second aspect, there is provided a loudspeaker
comprising.: a magnetic circuit having a magnetic gap; a frame coupled to the
magnetic circuit; a voice coil having a first end positioned in the magnetic gap
and a second end opposite to the first end, the voice coil having a center axis
provided through the first end and the second end; and a diaphragm coupled to
the second end of the voice coil and the frame, the diaphragm having a first
portion in which the center axis of the voice coil is provided, the first portion
of the diaphragm being provided inside the voice coil, the diaphragm further
having a second portion outside the voice ooil; wherein one of the first portion
and the second portion of the diaphragm- includes a third portion having a

cross section in a plane including the center axis, the cross section of the third



havi ng a second portion outside the voice coil
wherein one of the first portion and the second
portion of the diaphragmincludes a third portion
having a cross section in a plane including the
center axis, the cross segjion of the third 4a
portion including the first arc, and a fourth portion
‘having a cross section in the plane including the
pEfod @iclidingthetlist £4¢,089 sSRith@ortdn Kdvehel Dobdsdebbh iDthe
including a second arc having a radius |arger than a
plasdinoisdmiz thé eerftérraxds, drearodsisectiomurfithe foorthiportion including a
adjoining the third portion and being farther from
seporl are donagarrddios larper thai & eadiwsodd] the Hizah ardy éhet floiurtly portion
oortion. In accordance with a third of the |nvent|on

sieing the thirbperien ard l&artgs%é%% fromeperaidgd of the voice

éﬁc?%arcult having a nmagnetic gap; a frame _
nagnetlc circuit; a voice coil having

e R eﬁ%is‘:nfﬁv Bepf Poispier
el %%@%@‘ A6 SRR 1B, AEERO T PR, (P, bhisieq Rt

mEERAL¢irehE 29(701(:9 RoN Bhfifg %oﬁﬂst @ﬁtﬁg&sh@orfeﬂeﬁ%e lﬂgnetlc gap

aphragm'has a portion’in the center aXis o

anld'e s360h & @né Qiphodite fBr@Y ifietend! iR AREd bANh&fing Benter axis
di aphragm bei ng provi ded i nsi de the voi ce coi

prohidee ilrotgtethdi faphermigindhtas sacomdrend] sl d[aphﬁlgtrﬁcfoupled to
shape, and wherein the portion of the diaphragm has a
the gedonflomded’ thh@piee woil Bnd the dswe ticaliapdeagm dang podion in
enbodi nents of the invention, has a small thickness,
whigh the efng aé@mfd;hﬁ veise gpid iy prpwldeflihg pﬁrt@n of rﬂaﬁq@n@nl@?gm
secures a i on range in
bqwggw%md&ad@ﬂe‘? g vaarg eqil, Dg'é‘%?liﬂ ?g SHOHRAS 8 A FHgrlar
Fi 1l is,a,cross-sectio m10f a | .
o et RS PSR PR L oA PR S GO edhspin.
|nv [ [
di ap %é%%sg{a!k?% (,%]oh"ﬁréét ﬁf?d]ﬁ'lgﬁlr(s: c?r? 1n¥{%n%\ggh‘ga 221 Smal

ﬂﬁm%ls% hed 4 %@1 %Leﬁlspé@s%&é ARk uY'ae]ﬁigﬁf ﬁ@q&h@y?&@%ﬂ& :

speaker
secures a wide reproduction range in high frequencies.

Brief Description of the Drawings
Fig. 1 is-a cross-sectional view of a loudspeaker according to Exemplary
Embodiment 1 of the present invention.
Fig. 2 is a cross-sectional view of a diaphragm of the loudspeaker
according to Embodiment 1.
Fig. 3 is a cross-sectional view of a diaphragm of a loudspeaker
according to Exemplary Embodiment 2 of the invention.

Fig. 4 is a cross-sectional view of a loudspeaker according to Exemplary
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according to Exenplary Enbodi nent 2 of the invention.
Fig. 4 is a cross-sectional view of a | oudspeaker
according to Exenplary PCT/JP2004/ 017663 5
Enbodi ment 3 of the invention. Fig. 5 is a plan view
dspeaker according to Enbodinment 3. Fig. 6
Pcmﬁémgﬂg?2§¥hieM/of a | oudspeaker according to
Exenpl ary Enbodi nent 4 8f the invention. 5 Fig. 7 is
a_plan view of a | oudspeaker according to Exenplary
Embedigeat erfiths imfentive. i nvention. Fig. 8 is a
éﬁo :secfional vi ew of an apparatus according to
ETf%}Saf? planppe of Heplougspeakenactardinng iodbmbédigneR 3. s a
-gectignal view,of a | oudspeaker according to

.9S :
CET‘(x‘@ | & * PIo0 ERSBdiofehlondeneakar aosousting ote. Rsiegmplary

Emb are_cross-sectional views of diaphragns
o %tgétehgéﬂq@gig%zsnﬁrgg ‘& accor di ng to Enbodi nment 7. Fig.
¥loig & ¢y 3 i | ew of a speaker nodul e

aceor di ng ?%én %?gﬁpl(ag?%/ Iéun‘%%’cﬁ fehAkording (e Exemplary

Embddiment 5@f thelivEhf8onl2 1S @ cross-sectional view of an
essential part of an electronic device according to

Bxp répisar sroksTRoMRIied art Abar MR dohind hImcddylay 2
cross-sectional view of an apparatus accordi ng T8
Embadimant 60§ theninventiemt 10 of the invention. Fig. 14 is
%_ cross-sectional view of a diaphragm of a
Y ddp @aress seponal coew ofi g lowdshrakon sy dENDESERBAp1ak]
E bg]fi t he ig ention.. Fig. 15 is a cross-sectional view
mbogimeny 7, éﬁé&K%‘i‘tl%cordi ng to Exenplary Enbodi ment
of,he i ntion. Fig.. 16 is a cross-sectional
%uggéw Igtf“ 3" cﬁ?ﬁm sﬁ?é‘ﬁ’sgf&m%e‘aﬂ@s.of diaphragms of the

loudspeaker according to Embodiment: 7.

Fig. 11 is a cross-sectional view of a speaker module according to
Exemplary Embodiment 8 of the invention.

Fig. 12 is a cross-sectional view of an essential part of an electronice
device according to Exemplary Embodiment 9 of the invéntion.

Fig. 138 is a cross-sectional view of an apparatus according to
Exemplary Embodiment 10 of the invention.

Fig. 14 is a cross-sectional view of a diaphragm of a loudspeaker
according to Exemplary Embodiment 11 of the invention,

Fig. 15 is a cross-sectional view of a loudspeaker according to
Exemplary Embodiment 12 of the invention.

Fig. 16 is a cross-sectional view of a conventional loudspeaker.

Fig. 17 is a cross-sectional view of a diaphragm of the conventional
loudspeaker.

Fig. 18 is a cross-sectional view of another conventional loudspeaker.
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Fig. 17 is a cross-sectional view of a di aphragm of
the conventional 25 |oudspeaker. Fig. 18 is a
cross-sectional view of another conventional
| oudspeaker. PCT/JP2004/017663 6 Description of the
Preferred Enbodi ments Exenplary Enbodinent | Fig. 1
PCT/3P20Q4/@Y7663- sect i onal vi ew of a | oudspeaker according
to Exenplary Enbodi ment6é 1 of the present invention.
Magnetic circuit 24 includes upper 5 plate 22, yoke
23, and ridgmeiptidi of dndRiatredd BribeBmedpper pl ate 22
and yoke 23, and has magnetic gap 25. Yoke 23 is
Exempinry erdbedinfengde 26.  Cylindrical voice coil 28 has a
g,i rcul ar shape seen fromdirection Di. One end 28A
15 Jdp aCTRSS Jectignalview gpr dendspedkexpiscengam o Exemplasy
Emb t her fn{j 28B is . ositiong& i n magnetic gap 25 of
mbegimita Lo e Rigpntahventeony; (Magngts dregiioed nsbedasomaes
LeW 0f odi ragm in l.a i.ncl udi n ent er
plate 22 go*%saio%?@a.l%@eﬁ iilsafg‘”g‘?h"tﬁhe‘éetﬁsmgﬁ’é’ kolaterigwind n
20 . 8- k 78 Of 0l m. 274 Rrovi.ded from
voke 220 amit, o8 mREALIO Tab 5. VRS AL B Boief” G ke %6

Cyiin%t%ié%' wikeWdiNn2g hes 4i GRAUNAIM 4R éé‘:éﬂtiﬁtfrf\ i%iéfelctigh P{r a9

as a cross section having an ¢ are of

end 28Abf psiee 254t 28 Net@iheat tm@idpﬁ?@%qﬁfzﬂa'ild%@nkh&geﬁfﬁéﬂ ?ﬁ
mal | e

~17b of diaphragm 27 has a s curvature to provi
positichelinrmagndic gant 25 of nagyetic ¢cigiudt 29.. Hence, di aphragm
27 can transmt and reproduce a vibration of voice
Eig 2 iza wrashsectiomail [view of dispviagm 27 sounplanpresisiding
| evel j hi.gh frequency range and a high limt
centey agig RHo\PT VRICeESRihgPatty tHerisouRester Zhomy, 18 Fis. & In
. cross-sectional yjew of djaphragm 29 of a | oudspeaker
portio 2375 FEbhEAE I PEr e Bom Roting setionc b eowhich
s NN ougspeaker . shown in Fi 3 h t he
vico SV LA NAn L BARERAEH 000 17, Ebneddmlls
cross section having an elliptic arc of ellipse 27d. Neighborhood 27a of
coupling section 17b of diaphragm 27 has a small curvature to provide
diaphragm 27 with a large rigidity. Hence, diaphragm 27 can transmit and
reproduce a vibration of voice coil 28 with a small loss, having a sound

pressure level in a high frequency range and a high limit frequency.

Exemplary Embodiment 2

Fig. 3 is a cross-sectional view of diaphragm 29 of a loudspeaker
according to Exemplary Embodiment 2 of the present invention. The
loudspeaker shown in Fig. 3 has the same components as those of the
loudspeaker according to Embodiment 1 shown in Fig. 1 except for the
diaphragm, and their description is omitted.

Portion 29f of diaphragm 29 is provided from coupling section 29b at
which at which voice coil 28 is coupled with the diaphragm to center 29c.
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| oudspeaker according to Enbodi nent 1 shown in Fig. 1
except for the 25 diaphragm and their description
is omtted. Portion 29f of diaphragm 29 is provided
from coupling section 29b at which at which voice
coil 28 is coupled with the diaphragmto center 29c.
PCT/I5E904 @563/ 017663 7 Portion 29f has a cross section
havi ng a shape incl udi ng’respective arcs of two
circles 29d and 29e having different radii and
Portigo@fitbted drossesarhiontliwaiing aldiaipel ivicluddid k&pe2Qhe RS of
the cross section including are portion 29g of circle
two coglgs A%d and 2Pohuving difkroft widiicksd 28emecRal td e4ch2R8er.
adj oins portion 29h and is 5 farther from coupling
That i portapr 29hhanthe poss sestiainchuding laec postiad B8enf tiecle

294 ol 455 plfioD3Bh dliciila 2o Foafivi g odiomepascian Shgeddat
' th L. Qi di f i ghb .2 f

farthro SR RURE Pkt i Aprlsh obs. Lircln e dwer to
23 I 2 t 1t d

cop e o b oA s AR, g e 2B e o

centeNBYd. N ORGe ReGS SitrEade8 \(RE rir%?()l/ﬁy gg%%é?@%%@ 9%a of

range and a high limt freque

couplingisectiore p9b f Hiaghralrh S9a0GHRE ToI OBt | AP
| oudspeaker accgrdfgr% to Exenpl a?& %éﬁlé?fbdég% ne%’iﬂa%ig
can trsinstitit apdespmoduceyeibtation ofiv@iceScdib 28 WhtANa VireM U,
. the [Ioudspeaker shown in Fig. 4. Internal-mgnet
having ypeoungypeasparecleveliin alltigh fremlendprangpendpd high 22
oke 123, and magnet 121 sandw ched between upper
frequenciti o 122 and yoke 123, and has magnetic gap 125.
Yoke 123 is coupled with elliptical frame 126.
Elliptical frame 126 has a non-circular 20 shape. A

BxemPRE) BAMIRED ' Ot o1 ptfcal di aphr agm 127 for
B P ok S P R B acralks Tinlony
Emboéinfsg 86t iHn present invention. Fig. 5 is a plan view of the
loudspeaker shown in Fig. 4. Internal-magnet type magnetic circuit 124
includes upper plate 122, yoke 123, and magnet 121 sandwiched between
upper plate 122 and yoke 123, and has magnetic gap 125. Yoke 123 is
coupled with elliptical frame 126. Elliptical frame 126 has a non-circular
shape. A periphery of elliptical frame 126 is adhered with the outer
periphery of elliptical diaphragm 127 for covering the inner and outer sides
of voice coil 128. Voice coil 128 has a cylindrical shape and a cross section
having a circular shape seen from direction D101. One end 128A of voice
coil 128 is coupled to diaphragm 127 at coupling section 127B while the other
end 128B is positioned in magnetic gap 125 of magnetic circuit 124. The
inner portion of diaphragm 127 inside coupling section 127B at which voice

coil 128 is coupled to the diaphragm has dent 127A formed therein. Dent
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having a circul ar shape seen fromdirection D101. One
end 128A of voice <coil 128 is coupled to di aphragm
127 at coupling section 127B while the other 25 end
128B i s positioned in nmagnetic gap 125 of nagnetic
circuit 124. The inner portion of diaphragm 127
PCT/IRP9P4BLESEpl i ng section 127B at which voice coil 128
is coupled to the di aphr&gm has dent 127A forned
therein. Dent PCT/JP2004/017 663 8 127A reduces
127Aowduablovbeilbindightl H100bf diaphbins T2 2Ad3AGe h OGS S8Ry
its rigidity. Thus, diaphragm 127 reduces '
Thusy shwduegar Y27 esshvaes earedepnoy idasmande add 4isPREKQhe
wth a small thickness and flat sound-pressure
loudspeginiemath acismedk thicksessc snds fIEk ewwphdmyedsnipe dfropaincg
h Fig. 6 is a plan view of a | oudspeaker according to
¢ Maﬁi{%}?ﬁcﬁ'ry Enbodi ment 4 of the present invention.

Di aphragm 127 of the | oudspeaker according to

Enbodi nrent 3 shown in Fig. 5 has an elliptical outer
limted to the

- er, the shape is not
EX@H@WE?%Q?I%\& and may be any non-circul ar shape
gideg ishan I S | SIT&HEH: L Q. shows . di aphr agm
13% havi %gpganfrvg%ﬁ-ﬁ e ova e%%eP&% g %cﬁgﬂ?ﬁgw

Embogihantgh bf tHRIresi ih0ion. ThBia| '
di aphragm 130 i nsi de vgﬁ:erlzlglb}if%%ﬁ%}géf%n{&ﬁgwgker

according rtedEmhedisient o) dheiiihaFigy 5t ISR elHATAl SROUNsH
Fig. 4. Straight 15 sections 130A rra])}i%e arra%seﬂc?%g’t

howevesc thes shipeofs potdlisyiteslytalehe eliptivut Bhage and!mayid any
_cryst aL di spl ay panel, and in parallel to the display

non-cifgilag shapp gshery ghanc prigroubar shage. oFign6 ahpas alisphragm
130 hi ncl udi n kt e di spl ay device and the |oudspeaker. 20
BYE S It ofateEessiRg inplyding spraightideetions 180A.
The ihBHIBRRRANCE BGHAL SN 130 LEX T RbRE Yeoil 198 has dent 130B
formed therein and similarly to dent 127A shown in Fig. 4. Straight
sections 130A may be arranged at each side of a display device, such as a
liquid crystal display panel, and in parallel to the display device, thus
reducing the size of an apparatus including the display device and the

loudspeaker.

Exemplary Embodiment 5

Fig. 7 is a plan view of a loudspeaker according to Exemplary
Embodiment 5 of the present invention. The loudspeaker shown in Fig. 7
has diaphragm 131 having a rectangular outer shape. The inner portion of
diaphragm 131 inside voice coil 128 has dent 131B formed thérein similarly
to dent 127A shown in Fig. 4. Longer sides 131A may be arranged at each
side of a display device, such as a liquid crystal display panel, and in parallel

to the display device, thus reducing the size of an apparatus including the
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Enbodi nent 5 of the present invention. The
| oudspeaker shown in Fig. 7 has diaphragm 131 havi ng
a rectangul ar outer shape. The inner portion of
di aphragm 131 inside voice coil 128 has dent 131B
formed therein simlarly 25 to dent 127A shown in
PCT/IREYPLYUT68Hnger sides 131A maybe arranged at each
side of a display devic@ such as a liquid crystal
~ _display panel, and in parallel to the display
displagedeivine, andnibs lewdtpeakey- t he size of an apparat us
i ncl udi ng the PCT/JP2004/017663 9 display device and
t he | oudspeaker. Exenplary Enbodinent 6 Fig. 8 is a

Ccy 0ss; seci.ional view of portable tel ephone 180 as an
Examgﬂﬁﬁg%ﬁéﬂ eﬁEéording to Exenpl ary Enbodi nent 6 of

h . i i - bl I

b SBT3 3R ERERG 8ps n
apparkhadBiiif 1f Koyl Bufiolimdnt € £HE BN ihElby
PortaKie GERPRERS 180 iddIedBs 1b03G2R88K 952 A& gttBiEhlB?Jelﬁlﬁﬁ&

reduci ng the thickness and the size of porta
3 to bisdbamhanBigl 8Qo FIR. Exgemtaiy cEoiR 40P uid distal %isipﬁaya
cross-sectional view of a | oudspeaker according to
deviceEX@0rdmat yaseElifodéorenhodatifg then pr beedspeakoreldd @nthin,

I nternal -magnet type magnetic circuit 224 includes
hence gpieging the thigdamss poil éhe 8@e of pdrtahlprtelephade 380dwi ched
15 between upper plate 222 and yoke 223, and has

magneti c gap 225. Voice coil 228 has a cylindrica

Exen SRR 7 U Sross section seen trom

ERLAY e AP | SR} SRS BBl
BmbodBuEZS ARG, T il
circuit 224 includes upper plate 222, yoke 223, and magnet 221 sandwiched
between upper plate 222 and yoke 223, and has magnetic gap 225. Voice
coil 228 has a cylindrical shape and has a circular cross section seen from
direction D201. One end 228A of voice coil 228 is coupled to diaphragm 227
at coupling section 227A while the other end 228B is positioned in magnetic
gap 225 of magnetic circuit 224.

Figs. 10A to 10F are cross-sectional views of diaphragms 2771 to 2776
corresponding to diaphragm 227 in a plane including center axis 228C of
voice coil 228. '

In diaphragm 2271 shown in Fig. 10A, portion 2271B outside coupling
section 2271A at which voice coll 228 is coupled with the diaphragm has an
elliptic-arc cross section.

In diaphragm 2272 shown in Fig. 10B, portion 2272E outside coupling
section 2272A at which voice coil 228 is coupled with the diaphragm has a
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correspondi ng to diaphragm 227 in a plane including
center axis 228C of voice coil 228. In diaphragm
2271 shown in Fig. 10A, portion 2271B outside
coupling section 2271A at which voice coil 228 is
coupled with the diaphragmhas an 25 elliptic-arc
PCT/JPLeek015663 i on. | n di aphragm 2272 shown in Fig. 10B,
portion 2272E outside cdpling section 2272A at
whi ch voice coil 228 is coupled with the di aphragm
cross bation iMCI/ddky 80 4/r0 bf 66:3le101, £F 9FSofSAEI: @2, hRd| 40409
) an are of circle O, an are of circle C2, and an are
crcled}3. dirdé €108 providetentGleiglsbaqrhoad ARTRRILS beighthosdanas
... 2272B of coupling section 2272A. Circle C2 is
22728 dvirde d%is nrovidedat 2orii@ 8YUTAT detsids geigbbtndd 22738
and has. a radius larger than that of circle d.

and lﬁsr%!ré lazgey dang Haptael grgdertl- o izdy 268 daipspdded at
B R T

wti on 2273B inside coupling section 2273A at which
volce coil 228 is coupled with the di aphragm has an
WAL AN r r ' i 17 partjon 2271B
B} OPh e R TH At BE 00 oAbl o Anifbi Py
sectioBRATBAGI wiRich ivBikel 38! BB 16 QdRhIeBGwi i éﬁfh {
whi ch voice coil 228 is coup#eg%tﬁﬁﬁgr%b(}lﬂé ra%r%n
elliptibasc anss sddtioptsimilarly terposisors 82TiRBf FA¥ 104t er portion
outside it has a cross section including plural arcs
Ki diaphrdgm 2874 shewons F22 7DD, tan iBAF2Pordfordingielercagsting
. 2272 shown in Fig. 10B. 15 In di aphragm 2275 shown in
sectiop %744t Whieh vpisa cod 228 isgoupléd veivhyphe dipphsegmi lois an
. ..2275A at which vgice coil 228 is _coupled with an
elliptig| gr¢ (rss. seckiopy OUEE POHAON AMtSide, é€ hagra crass seetiote

Y e
2272 SARLASE fgg2 shown in '

In diaphragm 2275 shown in Fig. 10E, portion 2275B outside coupling

circle

section 2275A at which voice coil 228 is coupled with an elliptic-are cross
section. An inner portion inside the section has a cross section including
plural arcs similarly to portions 2272B to 2272D of diaphragm 2272 shown in
Fig. 10B. That is, portions 2275C closer to coupling section 2275A have
cross sections having ares of circles C11. Portion 2275D close to portion
22775C and farther from coupling section 2275A than portion 2275C has a
cross section having an arc of circle C12 having a radius larger than the radii
of circles C11.

In diaphragm 2276 shown in Fig. 10F, each of an inner portion inside
coupling section 2276A at which voice coil 228A is coupled with the
diaphragm and an outer portion outside coupling section 2276A has a cross

section including plural arcs similarly to portions 2272B to 2272D of
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Fig. 10B. That is, portions 2275C closer to coupling
section 2275A have 20 cross sections having arcs of
circles Al. Portion 2275D close to portion 2275C
and farther from coupling section 2275A than portion
2275C has a cross section having an are of circle
PCT/IBROOHALA668 a radi us larger than the radii of circles
cdl. In diaphragm 2276 shown in Fig. 10F, each of an
~ _inner portion inside 25 coupling section 2276A at
diaphxhiwHA78i shewadhIFig28)B.i s coupl ed with the di aphragm
and_an outer portion outside coupling section 2276A
Fadiaphepgms 2298 40i28f6ishowudinnBigpPuarall Figr 46A b ik ar0Fy
to portions 2272B to 2272D of PCT/JP2004/ 017663 11
apex gnglg ?#zgarg% 1 7) ak Hewicimtymighe rogplingsatitiap at agnsh 2874
- . 2276 0 iLbh Fig. 9 and Fig. 10A to Fig. 1CF,
coil 281 RIEANS ho dplr Gemay i be radicatl cyne hgjeht HeAbean be
uphy NG on,_at. which voice oi| 228 js coupled
reducf PEAS B b Mgt Srbed Retion Bieneeonl smmaaneien
: ] I j.n cr ection
T e T o OGP ST AR Bl Gim BoSimenl
PHRVI SEIY : f . ' 1.,
Snallﬂgﬁziﬂgﬁgle nggﬁﬁhﬁfgggg%eﬁﬁéﬂf?gﬁﬁggkpgg§,and
allowslilaphibagior2d koicerdil 228 @¥be thtnohiBledth Al 481 99 W@l |
228 to be transmtted to di aphragm 227 mel?, thus™”’
thus pravidiog rthetloudspealispeditern highh uppér Uit BRGGehdyThid a
frequency and a 10 small thickness. D aphragm 227
small ghigkpepst he el | i ptic-arc cross section has a shape
d by a sinple function, and can be

ﬁ%g&ﬁ&?@ﬁhgﬁ;é dhe PAIBEIC Qfq grogs peasivachasom shept that
con V6P 45, T30 Rioh s S oS Ry
with 4RGN pgue-0o5e1 o0 shabe 1o (ne

Fanghéirhdre, BEPGEIOR" FV 4RGN 23 PYATRETKEL c\éuﬂt&S may
have a cross section having the above-descﬁbed shape to the inner side of
voice coil 228, and has a large rigidity, hence providing the loudspeaker with
a high upper limit frequency and a small thickness.

Diaphragms 227 and 2271 to 2276 are made of sheet-like resin. Thus,
diaphragms 227 and 2271 to 2276 can be formed easily and can have a small
weight.

Coupling sections 227A and 2271A to 2976A of diaphragms 227 and
2271 to 2276 at which voice coil 228 is coupled to the diaphragms have
groove-like guides 227E and 2271E to 2276E to which voice coil 298 is
partially inserted. Guides 227E and 2271E to 2276E allow diaphragms 227
and 2271 to 2276 to be coupled to voice coil 228 at a high productivity.
Guides 227E and 2271E to 2276E increase the rigidity of coupling sections

227 and 2271A to 22764, thus allowing vibration of voice coil 228 to be
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a high upper limt frequency and a small thickness.
Di aphragns 227 and 2271 to 2276 are nade of
sheet-1like resin. Thus, diaphragnms 227 and 2271 to

2276 can be fornmed easily and can have a small 20
Coupl i ng sections 227A and 2271A to 2276A of

wei ght .

PGﬂﬂmZQgﬁvﬁﬁﬁ% 227 and 2271 to 2276 at which voice coi
228 is coupled to the dildphragns have groove-like
gui des 227E and 2271E to 2276E to which voice coi

transpa@ed do dyaphiiaghlsy22haedt27] GURRES s@AFE yaRtthaaif 4 BodsO
2276E al | ow di aphragns 227 25 and 2271 to 2276 to be

thus peyptiag the lppidereaket |witkh@ higha uppgh liprio dvefuevts yind a

lgﬁiges 227E and 2271E to 2276E increase the rigidity
small ShcEREsst | ng sections 227 and 2271A to 2276A, thus

allowi ng vibration of voice coil 228 to be
PCT/ JP2004i 017663 12 transmitted to di aphragnms 227

Hﬁx%%z f? 6 | i t hout | , th
EXEmgro [ |%Og eég%ouéggggﬁe?/ xtho:\ hiaghOEZper Iiu?rit
. i |
Fieqy @&th'tﬁg‘g'e__laborﬁaﬁ%v&é Bf;épcégﬁgls isﬂodfri%el RE %é&pqﬂams

Enbodi nen Cross-sec _
accordifg ak e FHIANCE 2R dASANS JPRAL %@&m%@%ﬁé@? oérP%aker

exenpl ary Enbodi nent 8 of the present 1nven

modulSifakimeludee dotdspaaker 280 skiRen iR WS PR ake Fi23Qq i n
Fig. 9 and Figs. 10Ato 10F and %I ectrorlngsz> g?pg\gptf‘

and eleropivt ggruit @d0vintdgrhtrddwithaloexlspdiker 19808 86 tel@Rokic10
. .circuit 240, electronic conponent 242 is fixed and
circuit,24G, glactroais eomnponisah 242 Mufixed Ehé stireshioociniuitchiatd 240

N O
e RN AT T
Ry SRS TN D0 g
Thus, $h&Hkk nffAS 256 miy D 96 P QUERALE foe}agseinleyating the
sound signal so as to provide a sound output easily.

Speaker module 250 may be used in a communication apparatus, such
as portable telephone. In this case, module 250 may further include a
circuit required for communication, such as a detector, a modulator, and a
demodulator, a driving circuit for driving a display device (e.g., a liguid
erystal display panel), and various circuits {e.g., a power supply, a charging
circuit) as well as electronic circuit 240 and the amplifier. Conventionally,
loudspeaker 230 and electronic circuit 240 have been separately produced
and then supplied through separate inspection processes and separate
distribution processes to a factory of the apparatus, such as the portable
telephone. Module 250 including loudspeaker 230 and electronic circuit 240

deseribed above can unify the production processes, the mspection processes,

and the distribution processes, thus reducing its cost significantly. <Thus,
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Speaker nodul e 250 may be used in a conmunication
apparatus, such as portable tel ephone. In this case,
nodul e 250 nmay further include a circuit required
for communication, such as a detector, a nodul ator,

dul ator, a driving circuit for driving a
f‘”“@ﬁ@%?gygﬁ vice (e.g., a liquid 20 crystal display
panel ), and vari ous cirddits (e.g., a power supply, a
char ig@ circgié) as well as electronic circuit 240
speakgrympfwle 470 mqladingdondarpaken £30yand lelnstmpeakizeuip 260
) and.el ectronjc circuit 240, have been. separately
integfGA TRACPTOTHIE % o ceiipp P MFPPRKG GID Beparaial site and a
i ' rpcesses and separ i stributian
smal AEAGE, PR EAAEF IR Te g R RERRZsD1p Bl = st e and

Sma]{)@_ﬁg Le 25 tel ephone- Modul e 250 including
oud@%eaker 230 and el ectronic circuit 240 described

above can unify the production processes, the
i nspection processes, and the distribution

Exenpylagdbmbsdiniemgy® reducing its cost significantly.
Thus, PCP/ JP2004/017663 13 speaker nodul e 250

P | URliinga | cross gerddonn] 236w aofd cellwat reeliphogkr 280 tas 240
integrated may provide a | ow cost. Loudspeaker 230
appatys af Embodinmeniedan@elulagrtelephond 8R0 ésdndehimdspeaker

230 srcoding o IhpBRMEE § beampimiyEiobal Hage. 9041y, 10E2
e G TR S Al S T
e A5 PR g8 18 A ETRETT
reducel %Hiékﬁesgﬂagrd ﬂfﬁ@eﬁmﬂ%\zﬁlﬁgﬁ?&@%é Eard hav% hgs%a‘fl St

panel ), cont al ner or storing
a redbeddbp@akey 230 has a small size and a reduced

thi ckness and thus cellular telephone 280 can have a

smal | size and a reduced thickness.
Exemplary Embodiment 10

Fig. 13 is a cross-sectional view of automobile 290 as an apparatus
according to Exemplary Embodiment 10. In automobile 290, loudspeaker
230 according to Embodiment 7 shown in Fig. 9 and Figs. 10A to 10F is
mounted to a rear tray or a front panel as to be used as a part of a system,
such as a car navigation system and a car audio system. Loudspeaker 230

has a small size and a small thickness thus reducing the size and the

thickness of the system including loudspeaker 230.

Exemplary Embodiment 11
Fig. 14 shows diaphragm 2277 of a loudspeaker according to Exemplary
Embodiment 11. The loudspeaker according to Embodiment 11 has a

structure similar to that of the loudspeaker shown in Fig. 9. Diaphragm
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15 Exenpl ary Enbodinent 10 Fig. 13 is a
cross-sectional view of autonobile 290 as an
apparatus according to Exenplary Enbodi nent 10. In
aut onobi | e 290, | oudspeaker 230 according to

g Telel 7 shown in Fig. 9 and Figs. 10Ato 1CF is
PCT'frmuéi %iG%E% a rear tray g% a front panel as to be used

as a part of a system such as a car navigation
system and a ¢ar  audi o Loudspeaker 230 has a

tem
2277 GOETesPERdS, tgnfiapheagm 2§¥?msmt Kis Pedufigngl4 He a
si ze and. the.,.t hi ckne f the systemincludin
cross el ekl St iaphagBr TPl d e Rk Bngcentonags 2250

; j aphragm 2277 of a | oudspeaker according to
Ofvm%:%ﬁ%%gr’y Enbodi nent 11. The | oudspeaker according

[ ] i <l : hat .o
DRHTSRR PP b aatedocctioh SR 1aBhatd &l OF
diaphPhgrh Y27268Q86%n In Fif WE3 i 748 i
» d:i%a%hr agm 22][71 Islhégnﬁ)iﬂr? gbgrtlglg_@gg .ohffz@?gﬂg)ﬁr% section
2277 K moseiceanili 2aRks vigledfwich 2h aghrd@h hid ad AliPAE arc
i ncluding center axis 228C of voice coil 228.
cross Bechjonrwibye 2207timasnside the secspothama erobs bertidnainchading
identical to that of 5 diaphragm 2275 shown in Fig.
plurah aues sppilanly bp poriipes 3V 2B de 22 RID of digpheagm 8872 sRwFuNimt
Fi vg’ ce.coi.l 228 is ou&l eld with the di aphragm has an
18- 105 g‘ﬁaé i5rRoriiopg 2¢7 L glowsn taroneling sestionsn22Hes bave
the.sectign,has a cress sectj.qn incl.udi lural .
cross oS ARG el o SRl B2op Fartion S5 P adioiming
- di (03 El Qs 10 t i.sS,..porti
porticy 951Gl St e B holaRlin stk By M) Bam bR PEE
h. [ i3 i H6hes, ' 7D
s 8 ] A i B0 Qrele (PP BT pal sy i
the radéicifcBled Z21A t han portions 2277C has a cross

section including an are of circle C22 having a

hadiaparagn @277} hemiont P27 ThdhdidO ol &5:t16812277A has
dent 2277E formed therein. Dent 2277E reduces overall height H14 of
diaphragm 2277 and increases its rigidity. Thus, diaphragm 2277 has a
small unnecessary resonance, and allows the loudspeaker to have a small
thickness and flat sound pressure frequency characteristics.

Diaphragm 2277 according to Embodiment 11 has a structure
substantially identical to that of diaphragm 2275 shown in Fig. 10E.
However, the structure of Diaphragm 2277 is not limited to this. For
example, each diaphragm shown in Fig. 3 and Figs. 10A to 10F may have a
dent formed therein.

The outer shape of the loudspeaker according to Embodiment 11 is not
limited to a circular shape, and may have a non-circular shape, such as an

elliptical shape, an oval shape, or a rectangular shape, similarly to the

loudspeakers shown in Fig. 5 to Fig. 7.
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I n di aphragm 2277, portion 2277D i nside coupling
section 2277A has 15 dent 2277E formed therein. Dent
2277E reduces overall height H14 of diaphragm 2277
and increases its rigidity. Thus, diaphragm 2277 has

nnecessary resonance, and allows the
PCT%ﬁBﬂQ%@Lé&%r to have a small thickness and flat sound

pressure frequency characteristics. D aphragm 2277
according to Enbodi nent 11 has a structure 20
substantially identical to that of di aphragm 2275

in Fig. . Ho , th f
Exenisﬂqgﬁ\g'ﬂ?%ﬁ#}fgeﬁﬂ%g not }Nie\r/n'etr edttg tsth:rgct ggf oexarrpl e,
10A t
3G PY WRSE R, of e %‘E'é“%fto
Exenig}&ryl B Hﬁﬁé‘&r 126£4H¢ d%ﬂ%eﬁlpl e ﬁgh”enf‘hl;.';]loﬁefsg%%er

imted to a circu may have "a

an oubF fllgabt %%nsud@éaﬁelas Iﬂﬁgn&id élpédlf:@tz; ﬁQQB@agﬁ@ﬁc 4B

shape, or a rectangul ar shape, simlarly to t
325 andidsphakeraghew32in uppgr flato 3829.and. lower plate 323.
PCT/ JP2004/ 017663 15 Exenpl ary Enbodi nment 15 Fig. 15
Magriets 82t ip ssndwirhed et wedrewppér aldte 822 pamk bweaqslated32Ry
to  Exenpla Enbodi_ment 12 of the present invention.
This md§p$mgpel§wde$ diaphragen 337t dPiaphoean 337pend magnetic
pea netic circuit 324 has pagnetic )
circuas SHH40 RS it Ao Sicy 926, 30Re BB eIZAh af ome ot ddb is

conne&ge\éﬁ{o gl'agiugaggs}% gilfzgdvgﬁi?qéggq (; egtegﬁ%kd WxﬂqE 18 %%ts.l\{:\ﬁggd |
. 327. Di 327
im o B BET %5 Uit 324 are i ded Lo frane 326 One and

ﬁ/?%’ﬁeﬁf: KL DLH the qaé%gp%a};& aﬁﬂmﬁgqﬂ Rl %E@?%

while the other end 328B t hereo 03| oned
11 is 4R inTRENAh 10 Ry B2 RagBER Blrb it wmayidch%s %fppéf‘ﬁlate 922,

| oudspeaker accordi ng to Enbodi nents
yoke 23, and magnet 21 sandwiched between upper plate 22 and yoke 23,
and has magnetic gap 25. The diaphragm according to Embodiments 1 to
11 may be used as diaphragm 327 of the outer-magnet type loudspeaker

shown in Fig. 15, providing the same effect.

Industrial Applicability
A loudspeaker according to the present invention has a small thickness,
has a high sound pressure level in a high frequency range, and can secure a

reproduction band in a high frequency range.
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11 is an internal -magnet type magnetic circuit which
i ncl udes upper plate 22, yoke 23, and nagnet 21
sandwi ched between upper plate 22 and yoke 23, 15 and
has magnetic gap 25. The di aphragm according to
PCT/JEAbBdIIMedE s 1 to 11 may be used as di aphragm 327 of
the outer-magnet type | ogildspeaker shown in Fig. 15,
provi ding the sane effect. Industrial Applicability
20 A | oudspeaker accoifhigk t0 the present invention
has a small thickness, has a high sound pressure
I e Bludspeakebicgfplisaguency range, and can secure a

reproduction band in a high frequency range.
PCT/ 4 BR4110 76613 hb6ingCh aiapmetit.gafys | oudspeaker
conprising: a magnetic circuit having a magnetic gap; -
a frafemowpplad tootheheagnegivetitaniGi rcuit; 5 a voice
coil having a first_end positioned in the magnetic
gap aretcacolhagng adirgt 6@5 Hesitiened in the maguttiegap atdwe
oi ce coil, havi.ng center, axis provided through the
secon &nd oppsita ' Hiko faete Sﬂéjj Ehfy voiRcodl hrwpEr agentsuptied
. eG0 nd.of .the voice cpil ;and the frane,
Pro“@%eﬁ’%&a%sfhﬁ‘aeﬁsﬁﬁ%}flﬁé‘%?‘? SPRGHY 28R i n which the
centgrdi%gﬂ'r f 04v.0l Qs J rovi ded, t
first port ?%I% %0?1%? %de%df%eghefcg’a % éﬁledl “Ir)%ﬂ%r%%‘fed‘é%l Ia’ﬁ‘i1 |%]a%

s e Wt o 8 SABBASIH VI gD

voice t6il stprpvitied,Ohe HiRst pdieion of o6l dRGhEAARA belnd fiBvided inside
di aphragm has a cross section in a plane’including

the veioe coidnther diaphsggmnitrthee hakbng MOSR08€ Goibn Rhitdilie tpne
. of the first portion and the second portion of the
voice ghlhphr agm has an el liptic-are shape.
wherein one of the first portion and the second'portion of the
diaphragm has a cross section in a plane including the center axis, and the

cross section of the one of the first portion and the second portion of the

diaphragm has an elliptic-arc shape.

2. The loudspeaker according to claim 1, wherein other of the first

portion and the second portion of the diaphragm includes

a third portion having a cross section in the plane including the
center axis, the cross section of the third portion including a first are, and

a fourth portion having a cross section in the plane including the
center axis, the cross section of the fourth portion mcluding a second are
having a radius larger than a radius of the first arc, the fourth portion
adjoining the third portion and being farther from the second end of the voice
coil than the third portion.
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2. The | oudspeaker according to claim1l, wherein
other of the first portion and the second portion of
t he di aphragm i ncludes 20 a third portion having a
cross section in the plane including the center
PCT/E20®4/017863 cr oss section of the third portion
including a first are, and a fourth portion having a
cross section in the plane including the center
3XThe TbhBsfdaRsf 864 f f
i ncl udi ng Igersecond a?ﬂeg]tgac\%h% 1a%drgﬁpgf}gerr %rthteh%??ta
portisraaihd shokedond pirtBh drtBe dilghs thBs ROLLEL F]bc%é in the
adjoining the third portion and being farther Prom
planet ingludigptic: @mderodxit end/thec@ os€ SddtiohhABhd Behel i E}Qe first
portion. PCT/JP2004/017663 17 3. The | oudspeaker
portiqreanst thergpoenrd pbetion of thetléapinagot hes anblligh-driec Bipe.
portion and the second portion of the diaphragmhas a
_ cross section in the plane including the center
ﬁm%ﬁth cross section_of the.other of the first
o Be SEOEHIE Y Clam d vhered dblar digphiresn

|4 pti e shape. 5 4. The | oudspeaker according
compﬂgesgllleg n?lf?er\}\%}m ein the diaphragm conprises resin

material. 5. The | oudspeaker according to claim1,
wherein the diaphragm 10 further has a guide coupl ed

B thet RRIMSHEORS 5&&&{1 the Cllfﬁhlc?. C\Q\A}%Jerem th%rﬂgiaphragm

| oudspeaker accordi ng o clarm

furtheti lapphy ggide RagplRd viIER OV sdcBn Mg *bfm@vcﬁé&&gﬂ end of
the voice coil is inserted. 15 7. The [oudspeaker

according to claim1, wherein the first portion of
the diaphragmhas a dent fornmed therein. 8. A
B.olfes b@dﬁma@@ mocirdimypio daimadnethieceini the didpHainhsa

magnet ; 20 a frame coupled to the magnetic
groove tg Ergqqh the second end of the voice coil is inserted.

7. The londspeaker according to claim 1, wherein the first portion of the

diaphragm has a dent formed thérein.

8. A loudspeaker comprising:

a magnetic circuit having a magnetic gap;

a frame coupled to the magnetic circuit;

a voice coil having a first end positioned in the magnetic gap and a
second end opposite to the first end, the voice eoil having a center axis
provided through the first end and the second end; and

a diaphragm coupled to the second end of the voice coil and the
frame, the diaphragm having a first portion in which the center axis of the
voice coil is provided, the first portion of the diaphragm being provided inside

the voice coil, the diaphragm further having a second portion outside the
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a voice coil having a first end positioned in the
magnetic gap and a second end opposite to the first
end, the voice coil having a center axis provided
rough the first end and the second end; and a
PCT}?%%%&H %oupl ed to the second end of the voice coi
and the 25 frane, the diaphragm having a first
portion in which the center axis of the voice coi

- voicg e9ilpr ovi ded, the first portion of the di aphragm being

provided inside the voice coil, the diaphragm

f ur t Hekemaayiong of the dbmstl neotich omdubsisdenridngortion of the
dia PCT/ JP2004/ 017663 18 voice coi.l, wherein one of the
1apkragy} in5ludeson and the second portion of the

di aphragm i ncl %ﬁ@ a thi rg portion having a cross

section in a9l PELORC PAdING & KECSE efRCBIOnall S pldie
; ' -Of e third pogtion.including the
el B e B O b SEebite ot P o dGodicer Bbuding che
first 88CHhKhQN in the plane including the center axis, the

cross section of the fourth portion including a

- second arc havigtidpbafinus r .radi us o
the first are, the fourth allgﬁforgtclrg%ag%cj%&nnil% etﬂtéme

mcludhigr thepmntéonxignihekessagetash RELh.
of the voice coil than the thi r%gﬁﬁ%?gﬁﬁ%ﬁﬁggga

secondogmyshwsake @ wasiios tirpeyr thmich aiadinds of IR fish Arhehetheln
.of the first portion and the second portion of the

portigh agioinige thadhirdesrtien and beitg frothdrdiorh ats REcERIGHASST

section in the plane including the center axis, the

thevf”ic?FW?g]&‘F’i‘F}%f’nﬁPﬁLPQ}@PHg a third are, and a sixth
portion having a cross section in the plane including
the center axis, the sixth portion including a

SRS BN A2 5 Bl P P
portifiPihd ORe second portion of the diaphragm includes
a fifth portion having a cross section in the plane including the
center axis, the fifth portion including a third are, and
a sixth portion having a cross section in the plane mcluding the
center axis, the sixth Vportion including a fourth arc having a radius larger
than a radius of the third arc, the sixth portion adjoining the fifth portioﬁ
and being farther from the second end of the voice coil than the fifth portion.

10. The loudspeaker according to claim 8, wherein the diaphragm

comprises resin material.

11. The loudspeaker according to claim 8, wherein the diaphragm

further has a guide coupled to the second end of the voice coil.
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20 and being farther fromthe second end of the voice
coil than the fifth portion. 10. The | oudspeaker
according to claim8, wherein the diaphragm
.ses.resin material. 25 11. The | oudspeaker
PCT%&%@@%@?&%BtO claim8, wherein the diaphragm further
has a gui de coupled to tBe second end of the voice
coil. PCT/JP2004/017663 19 12. The | oudspeaker
déchhailavgdspenker areprdingiloelaiinn 8t rheckiaphs dipphiasm das a
grOOﬁg tqlwhich the second end of the voice coil is
groovE ha Ritpelythe secong,end of thepenseroihiscioseitad to cl ai m 8,
wherein the first portion of 5 the diaphragmhas a
dent formed therein. 14. A | oudspeaker conprising: a

TOONES G AR RS b5 5Bty B o o

the ARt Rakial t@%me%&%ned in the magnetic gap and
. a e

second end opposi 0 the first end, the voice
coil having a center axis provided through the first
end and the second end; and a di aphragm coupled to

1heA badepshlendombrikis:voi ce coil and the frame, the
di aphragm has a portion in which the center axis of

t he ¥oiagnetoicireuithavings avigiegdic dahe portion of the
di aphragm bei ng provi ded i nside the voice coil,
wher & fifmaheouplethtorthgmagretic cionsti rcul ar outer shape,
and wherein the portion.of the diaphragmhas a dent
f or n2do%Hh é?lghﬁ‘!lﬂg pofirstpud pesitioped e thenpagnetingart and a
| ai;m 14 .wherei n_the diaphragm has 20 an ellipti cal
second and ORRISHE Eﬁg}?e et PRdEiR AR ek bavingga teentdraixis

povifp 0REEI, B R ARRISTIES off B 011, Shave,
the gig@fH-agi BABled to the second end of the vojce coil and the
frame, the diaphragm has a portion in which the center axis of the voice coil
is provided, the portion of the diaphragm being provided inside the voice coil,
wherein the diaphragm has a non-circular outer shape, and

wherein the portion of the diaphragm has a dent formed therein,

15. The loudspeaker according to claim 14, wherein the diaphragm has
an elliptical outer shape.

16. The loudspeaker according to claim 14, wherein the diaphragm has

an oval outer shape.

17. The loudspeaker according to claim 14, wherein the diaphragm has

a rectangular outer shape.



a rectangul ar outer shape. PCT/JP2004/017663 20 18.
An apparatus conprising: the | oudspeaker according to
any one of claims 1 to 17; and a nenber coupled to

> | pudspeaker. 5 19. The apparatus according to
PCT’%P%‘%O#%S?&%H ein the rreg{‘)oer is an electronic

circuit.
18. An apparatus comprising:
the loudspeaker according to any one of claims 1 to 17 and

a member coupled to the loudspeaker.

18. The apparatus according to claim 18, wherein the member is an

electronic circuit.



