1 1 DEC 2003 FLAT ACOUSTI C CONVERSI ON DEVI CE BACKGROUND OF THE LQVEE'E g%
Field of the Invention The present invention relates to a fl at oSty 3
conversion device, and particularly to a flat acoustic conversion device
such as a flat speaker which can be used as a flat speaker, a flat

m crophone, and a m crophone. Description of the Related Art Fig. | is a
di agram showi ng t he bapj grsécagisr®e efoRvemvenyipneickl at  speaker. This
flat speaker is provided with a plurality of bar magnets | which are

arranged in parallel on a yoke 4, a vibrating nmenbrane 2 disposed parallel
and adjacent to a magnetic pole face of the bar magnets 1, and a plurality
of coils 3 each forne i tio I ing nenbrane which
corresponds to the naéﬁ%&%iﬂgéig§$éﬂgqﬂ#ﬁnﬁgﬁéﬁﬁ%ﬁégnets in such a manner
that the electric current flows in a direction orthogonal to the nagnetic
fiel d Gekbphtld Inyentienbar magnets 1. Each coil 3 is disposed at a
position where the greater part of the inner periphery of each coil faces
t he magnetThe potserfiaceeoftion bentemtnetflatnacdistic eonvarsign gtavice,sanilsposed
outside a position corresponding to the outer edge of the bar nagnets. The
out er wgdgr ATy e Aflht atbnstioeBhrardohsddviaesubl & 4 it speakeberhich such a
manner that the vibrating nenbrane is able to vibrate together with the

coi | s-cBepauped A8 LCHAF SPEake 0V NAt HlcPYFRORECANE0A midréShahkect ed by the
force fromthe nagnetic Tield of the bar  nmagnets in accordance with

Fl em @é&r#ﬁ%ﬁ@”cﬂg'l@fa Nl ternating current is fed to each coil 3, the

vi brating rane is vibrated in a direction perpendicular to the

surface DEC 2008 ofy Lhe, ¥ RCREhAGHIATRGR G\ QURLSY a hhlehRE et eted! 2ed
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speaker. This flat speaker is provided with a plurality of bar magnets 1
which are arranged in parallel on a yoke 4, a vibrating membrane 2
disposed parallel and adjacent to a magnetic pole face of the bar magnets 1,
and a plurality of coils 3 each formed at a position on the vibrating
membrane which corresponds to the magnetic pole face of the bar magnets
in such a manner that the electric current flows in a direction orthogonal to
the magnetic field generated by the bar magnets 1. Each coil 3 is disposed
at a position where the greater part of the inner periphery of each coil faces
the magnetic pole face of a bar magnet and the remaining part is disposed
outside a position corresponding to the outer edge of the bar magnets. The
outer edge of the vibrating membrane is fixed by a fixing member in such a
manner that the vibrating membrane is able to vibrate together with the
coils. Because the current flowing through each coil 3 is affected by the
force from the magnetic field of the bar magnets in accordance with
Fleming’s left-hand law when alternating current is fed to each coil 3, the

vibrating membrane 2 is vibrated in a direction perpendicular to the surface



an electric signal to be converted into an acoustic signal. Further, by
vibrating the vibrating nmenbrane 2 in a direction orthogonal 1 Qrﬁ%‘
surface of the vibrating nenbrane and converting an acoustic s an £G 4083 an

el ectric signal in accordance with Flem ng' s right hand | aw, the device is
able to be used as a m crophone. However, in the above conventional fl at

speaker,,. because.a |l ar ortion of the.coil IS pQsitidan faci t he
magnet io(}c tE‘SIV f%%@gﬁe'?ﬁga% rto et t?l gi?‘rﬁ&ﬁ]églizggfcloéllsd” §%hs%§%%?%se coi |
portion positioned facing the nagnetic pole face of the bar magnets in a
di r ect iedhelsstne sagRa & be soryerted g an aFoVREC\§IBRat i ng nenbr ane.
Therefore, force, which acts on the electric current flow ng through the
coi | porti durthem heilwiagitg the vikradingotembrane 2din aclirestien ong t he
surface of the vibrating nenbrane. The problem then arises that this force
in a diordesgarmlalooitg shefasyrdfate Wbrdting whbneirang anerbnanetinguses tw sting
in the surface of the vibrating nmenbrane and becones a noi se conponent in

the aceustisCicsdigRal i t@asth ReedtPicAsikRAVEh i:RBot danéd &is0 Wehnii@tifigh t-Mor eover ,
because the plurality of bar nagnets are arranged in parallel

I
| ong { YRl et £OALLAL N DOERIEANG ShickBrGall Wi ch Tnter] inks with

the naghetic fre I's approxi nate twce t oduct obt ai ned by

mul tiplyin the lengih qf the bar e I i_ndi ngs of the

coil. Consgicfd‘é%‘ﬁry,m ?hg ag?ogﬁo?ql?%eﬁqtg&%hrigggg?%%er’ arb% gg%gp QC—{ h%id#i brating

menbrane .occypied hy.those.portions of the coils interlinking with the

nmagnet PEr‘flPEIca-pt:hse GBS ?H@’rtlé?rbf?ct?a?ﬁg tbreotglagmeﬁlgsp%lgefﬁc? ﬁi’ﬁ,leﬁ?ﬁ‘? only as

it not been possible  to obtain sufficient volune, due e .deterioration in
?acmg t?]e

Dthe ef Magnsisy agnagpetipdesldoreds on the coil portion pos1t10nec}
magnetic pole face of the bar magnets in a direction perpendicular to the
surface of the vibrating membrane. Therefore, force, which acts on the
electric current flowing through the coil portion from the electric field, acts
in a direction along the surface of the vibrating membrane. The problem
then arises that this force in a direction along the surface of the vibrating
membrane causes twisting in the surface of the vibrating membrane and
becomes a noise component in the acoustic signal leading to a reduction in
the sound quality.

Moreover, because the plurality of bar magnets are arranged in parallel
longitudinally, the length of the portion of the coil which interlinks with the
magnetic field is approximately twice the product obtained by multiplying
the length of the bar magnets by the number of windings of the coil.
Consequently, the proportion of the surface area of the vibrating membrane
occupied by those portions of the coils interlinking with the magnetic field is

low. Therefore, the problem has been that, not only has it not been possible

to obtain sufficient volume due the deterioration in the efficiency of the



acoustic conversion, but the sound quality has al so been | ow. Iﬁuﬁﬂgr e,
t he shape of the speakers has been determ ned by the | ength angi n IZH@

t he bar nmagnets used, which has placed |inmtations on freedom of the
speaker design. Moreover, the problemhas al so existed that, because a
coil is provided for each bar magnet along the |ongitudinal direction of

the bar, BRORELS JIST: N85, APD0olianktly ALEXID) bebk g, the setting of the

speakeracl ance to0 a’sui e va ion, 1n a conventional flat
speaker, because the djstance fr t he, vi bratin rane to,t magneti c
pol e face &Mt %rrggre,nﬁbq]g}ggp? Qf?lg%ﬁ)&agﬁfs Eﬁ)fst]ﬂ‘ge’}nﬁgtg‘?{ﬁrégke(gpy Rﬁg bar
magnets from the distance fromthe vibrating nenbrane to the portions of
the yokengit sediambera! thegert s1agnetpnrssel, gyhicky Bas dlpged MEaidatipAst he
sound generated fromthe vibrating nenbrane which is reflected fromthe

rear magneecdommodtiaspeaker dasigpobboreaweasthe prebhlem tes alsorexistrf menbr ane
surface. Therefore, the further problemexists that, because the vibrating

menbr apigai, Hdcah fiees cdileist provided frlekipbassnagndt alandtihe dongiondasabndi ng
to this phase difference beconm ng a noise conponent in the acoustic

si gnal gifebeiosognhdvakith¥ghéts, tHetd'Bhsdsdea! harakesd fdAbitgen fHe sol ve these
probl ens, the filling of %he Space between the vibrating nenbrane and the

roant 6ok Sk Bk abie B syelsualnges sponae o the | ke car
h der e by 5L & ULtk ol Ay 118008, SR LAYl gy souncs
- shosgt, SH Lt e bengbudnal i rectone (hersol srecpatal ol Lhe
ther egﬂ"feeissil\t/%ycgﬂé %hiacl:rk%e%g%l%ttht(-‘:vltﬁ)a(l:remagnets from the distance from the
vibrating membrane to the portions of the yoke between the bar magnets, a
phase difference is caused in the sound generated from the vibrating
membrane which is reflected from the rear magnetic pole face andl the yoke
so as to reach the vibrating membrane surface. Therefore, the further
problem exists that, because the vibrating membrane is twisted due to the
sound pressure distribution corresponding to this phase difference
becoming a noise component in the acoustic signal, the sound quality is
further deteriorated.
In order to solve these problems, the filling of the space between the
vibrating membrane and the magnetic pole face with a pliable material such
as sponge or the like can be considered. However, the vibration of the
vibrating membrane is hindered by the pliable material so that the sound
quality of low sounds in particular is deteriorated.

Because a plurality of bar magnets are disposed such that the

longitudinal directions thereof are parallel, the lengths of the portions



the product of the long,, side of the bar magnet and the nunber  of w ndi ngs
of the coil. The proportion of the surface area occupied theréb} BE £n2003
respect to the surface area of the vibrating nenbrane at the portion
Interlinking with the magnetic field of the coil is low As a result, the
efficiency of acoustic conversion is poor and a sufficient sound vol une

S‘B‘?Q?Léﬁﬁerﬁi’?ﬁ%ﬁéi‘e% R Bhiche o e SR e SebhiR RN (e

| ength of the bar net and t he nunber of bar nmgnets Whl ch are provided,
such tthatprtq@cdégfrt@@ ong s diei Prregtmd ﬁhe dBHIDGE AW BHIBES, he
speaker are- |limted. Moreover, a coil is provided for each bar nagnet

al ong tofiche |coilyThedpreordiorect tl’msuffat:hearbaroqmmed thamiby, wattprespeah ari ses
inthat there is little flexibility in setting the inpedance of the speaker

to an tappeGhiifate aved We thbbieaveng natiliouge.at ihe portventintadiniihgt
speakers, the vibrating nenbrane Is placed adjacent to the magnetic pole

face Otmtth%agﬁa&etﬁem ofdh@ahiCxd five. REtIVBEIIIE hehevbillcddh &g offierbr ane and
t he magnetic pol e face Therefore, the problem exists that the flat:

speaker, bt sflc fcfdrfvs 15 1L BobP L gtﬂttfgetf@rﬁ%uﬂé vblifmE AR A bé

conventl ona IS I'TB. narrower, slackness

devel o i.n br at eadi n the vibrati rane and
the yoREHH 43@@41%&4@688& TRFRREo) B EkRPayhc PEaRER g BEDT 2

di st ances from each point. on . tile vibratin rane he t he
magnetic pEMEthendhsreq @W&Fl%ﬁﬁ@%spﬁa ‘5‘915 ﬁef%’t‘ﬂ?d%{ tl"ree]s%tgtl%gd%rt hi s
is that the drawback arises that a _phase difference is gener é’ed in the

¥ ef | ectled besumagnehsinchthe nmbeeeég’aﬁyneaeey%welqll @E@PQ(YU%F Puehe |ike
so as to cone back to the vibrating nenbrane and tw stin t he vibrating
menbr atkeat thedagetsiy freedomundesigaing thelcenfighuatiion of TI%B speaker are

limited. Moreover, a coil is provided for each bar magnet along the
longitudinal direction of the bar magnet. Thus, a problem arises in that
there is little flexibility in setting the impedance of the speaker to an
appropriate value.

Moreover, although, in conventional flat speakers, the vibrating
membrane is placed adjacent to the magnetic pole face of the bar magnets,
a gap exists between the vibrating membrane and the magnetic pole face.
Therefore, the problem exists that the flat speaker itself is made too thick.

Furthermore, if the shape of a conventional flat speaker is made still
larger and narrower, slackness develops in the vibrating membrane leading
to the vibrating membrane and the yoke no longer being parallel to each
other. Consequently, the distances from each point on the vibrating
membrane to the yoke or the magnetic pole face of the bar magnets is not
uniform. The result of this is that the drawback arises that a phase

difference is generated in the reflected sound which is reflected by the yoke



creates noise and a reduction in sound quality. The present invention has
been achieved in order to solve the above problens in the prilol BFE 2008
the first object of the present invention is to provide a flat. acoustic
conversion device in which twisting of the vibrating nenbrane is reduced
and noi se conponents are decreased. The second object of the present

invention js to provide a flat .acousti onver si on_appar at.us . i ch the
| engt h’“EFP tftlﬁéﬁ’i?og‘? Sl CoFOME PR S ?Pffc@?ag&gflﬁ ﬁ%nﬁ’aaﬂgtti“gsbi%&v@ is
| engt hened thus increasing the pr oBorti on of the surface of the vjbrating
menbr dile GhtaBngdnen brenaisi ¢asatiby ither g PrASS ACoUstBUti-eFRi%on

efficiency. This, in turn, leads to an inprovenent in sound quality. The
t hi r d abptet nofset oved pr esdnctiomve reoioyd gwaflivy provi de a fl at acoustic
conversion device in which the lengths of the portions interlinking with

the nagngtispléaiisirferititn Bak/Heear gchiengddndordee tprsapoe therataivet he
surface area occupied by the coils on the surface of a vibrating nmenbrane

s i”gﬁ%g%&ﬁsi S ptatar i B Eir8NEYi Rl GTGRESicGes 0 MAESHiOA i5%0l NP Oved
and soun quaplty Ps i nproved. The fourth object of the present invention.

is to provid f : ' : - S ' \Whil i jgner than
the pAgrds E Aty fia eShveny SRR B SARKHRAUTRELS hvBalidna: &
flat speaker device whjch,can al ways provide hi gh_qual ity audi o out put

r egar dhembrane ?ﬁé“ds}%ﬁ;ea%fi q9t8e &Pﬁ%?ﬁ%tsn%%agﬁ‘é‘?%%%wmv OF THE

| NVENTI ON I n order to achi eve the abqve objects, the.firs spect ..of the
present iAGePRGUH iog’ ect plthesprasenit AN eRTERSSHe Ride %’gﬂgﬁgg}lﬁb@ a first
magnet di sposed so that a first nagnetic pole face is substantially

)par al lcenvepsign gpparatarnimedichthadength 9étbaParkigne?! ispoded adj acent to

or in contact i . ;
intersecting the magnetic field is lengthened thus increasing the proportion

of the surface of the vibrating membrane occupied by the coils and
improving the acoustic conversion efficiency. This, in turn, leads to an
improvement in sound quality.

The third object of the present invention is to provide a flat acoustic
conversion device in which the lengths of the portions interlinking with the
magnetic fields of the coils are long and the proportion of the surface area
occupied by the coils on the surface of a vibrating membrane is increased,
such that the efficiency of acoustic conversion is improved and sound
quality is improved.

The fourth object of the present invention is to provide a flat acoustic
conversion device which is even thinner than the prior art.

The fifth object of the present invention is to provide a flat speaker
device which can always provide a high quality audio output regardless of

the shape of the vibrating membrane.



with the first magnet such that a second magnetic pole face having a
polarity different. fromthe polarity of the first nmagnetic pole @f_frqceﬂ;]i@
substantially parallel to the predeterm ned surface and faces tovards the
sanme side as the first magnetic pole face of the first nagnet; a vibrating
menber di sposed so as to face towards the predeterm ned surface; a first

coil which is helically i i that magnetic fl ux
interlinks in a positi omwmpﬁgﬁﬁg{?@ﬁk@ml ch corresponds to the
first magnetic pole face;and a second coil which is hel] ally wound and is
di sposed slitRrdemto pahirsie e 2beve Abigatenilye ﬁﬁStaa%B%(Ftt‘?f:J&‘eoﬂ &% bratin
menber whi ch corresponds to the second nagnetic pole face. The first nagnet
of t heirhiergioraspediatoddcaustipreseatsionvevi¢onomprasingo adirss upagnght a first
magnetic pole face having a first polarity (e.g. N polarity substantially

paral | glsgoged v golet Mirstedagietiapele The ecobstarr{aibt pasalikisposed ei t her
adj acent. to or in contact wmth the first magnet such that a second

magnet 'gpedgzleﬁnﬁﬁ@@ SRRV Y Bs&RERDNth AT dikPhob8d ddjRcd & bf ¥ cobitabt i s
different fromthe first polarity is substantially parallel to the

det ! t Lde: i : ti I
Prce o i fir Sy F er B8P safo A ThaRHificTBolk Hae: Hel a0 et “con be
di t t ' f be. .di that th
out or PO er B BRES B Panh ol dhe i o5 e RS RS Fur ther . the

i brati nb D f d | brati I brati | at
be. d SHOSEETREIDREET NG o DecPErIRtFE BER FRBLACT AOG) ost SORETIRIER: [ons.
. the vibrating nenber nrmay be fornmed by a vibrating nenbrane or. a vibrating
)pl at e.samﬁiaige ascidig figsfgmagsstisnpoledpice Aidhs stiRrgReRr2 VIR i n a

helical shape, are provided on the vibrating nmenber- The first_coil is
di sposmershethdisposed so as to face towards the predetermined surface; a first

coil which is helically wound and is disposed such that magnetic flux
interlinks in a position on the vibrating member which corresponds to the
first magnetic pole face; and a second coil which is helically wound and is
disposed such that magnetic flux interlinks in a position on the vibrating
member which corresponds to the second magnetic pole face.

The first magnet of the first aspect of the present invention is disposed
such that a first magnetic pole face having a first polarity (e.g. N polarity) is
substantially parallel to a predetermined surface. The second magnet is
disposed either adjacent to or in contact with the first magnet such that a
second magnetic pole face having a second polarity (e.g. S polarity) which is
different from the first polarity is substantially parallel to the predetermined
surface and faces the éame side as the first magnetic pole face of the first
magnet. Note that first magnet and second magnet can be disposed on the
predetermined surface, or may be disposed so that the outer periphery

thereof is supported by a frame or the like. Further, the vibrating member



that the magnetic flux interlinks in a position on the vibrating nmenber

whi ch corresponds to the first magnetic pole face. The second]coiDE{ $003

di sposed such that the nmagnetic flux interlinks in a position on the

vi brating nmenber which corresponds to the second magnetic pole face in the
same way as the first coil. As a result, the magnetic flux generated by
each magnet travels from the first magnetic pole face to the cand

magnet iferped &y acibmmting srmhsans & shybrabnehiateslay PaééS%S%ﬁ FPEst
magnetic pole face and the magnetic flux in the area between the first
magnet ithe pokdefameirendstfacsetmadl ohttymatientjsuls thecsbrandgaoentikhngl y, the
magnetic flux in the area between the first nagnet and the second magnet

travel snaybe rARe bpma Gilhatiant indrhiramaball ebratinghslaser f ace of the
vi brating nenber. Wien the first magnet and second nagnet are spaced a

predeterm ﬁeﬁlr:]d(: cz;ltiﬁaﬁe 2RBELnd 81, 4R8I ddwRich hie [oBaBatihca Helixal N a

direction para to the surface of the vibrating nenbrane in the area

petween, Lag %% profRgact, #hdy %gglggvﬁ?aﬂﬁgr.tﬁg@hgéﬁ@mégi e sLarge

bet weefi S I ncreases. er, resent I nvention, because
the first. .magnet and_second net are placed ,adj.acept to 0 contact
with it BihEandic firoity Brke ie 4RgRet o Y YIRTalng PERPYh paral | el
to the surface of the vibratj ng menber. can ?e S?’r at the rrglx.i mum enabl i ng
the sowidchcessesronds be thadirshseagnobo Pols fafsiehe secid &0d IShe above
obj ects, the second aspect of the present invention is a flat acoustic
conver dispesgdvieeh ¢hapithsimgenatitifhet inieghieks igiapostdonen the a first
.magnetic pole face is substantially parallel to a predeterm ned surface;
Ja.  secoidanmgnetendbepudddhatoracppenids ¢o thaegcoddsmagne tisppele facerint he fir st
magnet or in contact wwth the first magnet such that a second magnetic
pol e fageshaw wayeapohafirsy cdilf ferent fromthe polarity -
As a result, the magnetic flux generated by each magnet travels from

the first magnetic pole face to the second magnetic pole face or from the

second magnetic pole face to the first magnetic pole face and the magnetic

flux in the area between the first magnetic pole face and the second

magnetic pole face, and accordingly, the magnetic flux in the area between

the first magnet and the second magnet travels in a direction substantially

parallel to the surface of the vibrating member. When the first magnet and

second magnet are spaced a predetermined distance apart, the density of

the magnetic flux in a direction parallel to the surface of the vibrating

membrane in the area between the first magnet and second magnet

decreases as the distance between the magnets increases. However, in the

present invention, because the first magnet and second magnet are placed

adjacent to or in contact with each other, the density of the magnetic flux in

a direction parallel to the surface of the vibrating member can be set at the

maximum enabling the sound pressure to be increased.



of the first magnetic pole face is substantially parallel to the e
predetermned surface and faces towards the sane side as the fir8tl Julo
magneti c pole face of the first nagnet; a vibrating nenber disposed so as
to face towards the first nmagnetic pole face and the second magnetic pole
face; a pliable air layer form ng nenber disposed so as to forn1together
with the V|brat e ir | predet er m ne |ckness on the
first magndhi® site cgltiéveahlae a@@&@ﬁﬁﬁ@%ébﬁéﬁﬁ@{l %R?é:tsqq BFCSRE
vibrating nmenber; a first coil which is helically wound and is disposed
such t havermugnaslacﬂfat axoliatie conkssion davicareampnsing a/fipptamagnatenper

whi ch corresponds to the first magnetic pole face; and a second coil which
i s hel idispdsedwantiaandfirss rlhgnotechbdadhct lﬁasubsmm@aily pdradel v er -1inks in
an area on the vibrating nenber which corresponds to the second magnetic

pol e f?)?@def@?ﬁlﬁieﬁséuﬁﬁgé‘eé s88En 8 960BH cig|fisedl at Apreaeongnasqect of the

present invention are di sposed in thé same manner as the first nmagnet and

Second JTRANEL o Al e e sRSREGh 8 LDEORERS SR HAYSRE ORaghLY LhenTr e

the fir secon COi spect o resent
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adjacent to (1 '-c. alnost_in contact_wth)_or actually in contact mnth
each ofHslace\Re fases iqwgrd%ﬁmé@%al%%ﬁberﬁghé@a%za“eﬁ%@&é% age of
predeterm ned distance apart, it is effective if the first coil is

)i spos e Sushmagrets haibrating membgnelispesatl sursrtoface owaydsthedrsipi r al
coils are positioned on either side of a position corresponding to an
out er natgmaic pbie ficesandubaeteiconploirmgnetic pole face; a pliable air layer

forming member disposed so as to form together with the vibrating member_'
an air layer of a predetermined thickness on the first magnetic pole face and
second magnetic pole face sides of the vibrating member; a first coil which is
helically wound and is disposed such that magnetic flux interlinks in an
area on the vibrating member which corresponds to the first magnetic pole
face: and a second coil which is helically wound and is disposed such that
magnetic flux interlinks in an area on the vibrating member which
corresponds to the second magnetic pole face.

The first magnet and second magnet of the second aspect of the
present invention are disposed in the same manner as the first magnet and
second magnet of the first aspect of the present invention.

Furthermore, the first coil and second coil of the second aspect of the
present invention are disposed on the vibrating member in the same

manner as in the first aspect of the present invention.

In the present invention the first magnet and second magnet can be



face of the vibrating nenber while, at the sane tine, the seqorﬂygggwuhs
di sposed such that the inner periphery and outer periphery of -3ptTal
coils are positioned on either side of a position corresponding to an outer
edge of the second magnetic pole face of the vibrating nmenber- Wen the
first magnet and second magnet are placed in contact wth each other, the

i nner periphery of .each coil. is positiqgned to,the outer side of an area

whi cn “pacPRaralo EaRadt dord Rntn it dotb Oed & e PR BhaBRedl < po
faces of . the vibrating nmenber. Nanely, it is effective if the first coi

i s di sdded adiacent by B MR it eantech gvikehse ACBIR IBh 7 fgRtRe N hosi ti on
corresponding to an outer edge of the first magnetic pole face to a

posi ti each qgithedet ermined distance in the direction of a position
corresponding to the center of the first magnetic pole face, and if the

second coi When thé gesethdghetnad @acond trhagnet braspagedranhred cestrandédg from
a position corresponding to an outer edge of the second magnetic pole face

to a pEsdthheP SRRt VHIcRRE iitAt #76e cbil istdiSpdideehicPNiRft thePRHhdd on
corresponding to the center of the second nmagnetic pole face. A pliable

Tl N . R e . q
oL o BT PRSP PR N4 ke pRBADRICopflifif ace ar
monber SHi7 84 7 HRSET GPE GRiPe T AR AT SR BBt thadakhe e ™' "
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~.vibrating nmenber. However, because an air_|ayer of a predgi_q%rrn'_ned

X hi cknéispasedigigh thakthe éanehecviphesyiany peneepeapcrRetdne spiyal form

menber, no phase difference is generated in the reflected sound and no
twi st i aoil$ are pesitisgned cngeitbaberdd ef agisutjgamedryespeRGiRS tthanpedyied, t he
sound quality is excellent.
edge of the second magnetic pole face of the vibrating member. When the
first magnet and second magnet are placed in contact with each other, the
inner periphery of each coil is positioned to the outer side of an area which
includes a position corresponding to the center of the magnetic pole faces of
the vibrating member. Namely, it is effective if the first coil is disposed in an
area on the vibrating member extending from a position corresponding to an
outer edge of the first magnetic pole face to a position a predetermined
distance in the direction of a position corresponding to the center of the first
magnetic pole face, and if the second coil is disposed in an area on the
vibrating member extending from a position corresponding to an outer edge
of the second magnetic pole face to a position a predetermined distance in
the direction of a p.osition corresponding to the center of the second
magnetic pole face.

A pliable air layer-forming member is disposed on the first magnetic

pole face and second magnetic pole face sides of the vibrating member of the



Note that neither is there any twisting in the vibrating menbrane . caused
by reflected sound when the first magnet and second nagnet are: df?‘spe%ié”d in
contact with each other because no phase difference is generated in the
reflected sound fromthe magnetic pole face, however, because the magnet
itself is formed froma hard material, it has a high degree of
reflectivity and the reflected sound increases. In th pre,s%nt i nventi on,

r ef | ec568088 wRPeche! hae NIgEeRYITHAHIK 68 ahte e teReh W Gable air

| ayer- forming nmenber. In order to achieve the above objects, the third
aspect vihratheg presabat ani mivdayénof agpmdetampusuthicknesay¥gnthdair ce
conprising: a vibrating body provided with a vibrating nenber, a helically
shapeddydrsforaghk debsingdad moviddd, sildidigengrawabiom ahd vibfwiingal | y shaped
second coil disposed on the vibrating nmenber adjacent to the first coil; a

first Slr Y0kl tef1REQY biethe MrtiByér fdrndin bef aP@ feti@eedad which

is mounted to the vibrating body suth that the first magnetic pole face

corres . L) e ' i Ry ded with
o secondt SOretilg PorhbRh ANy B Be SRR IO LY B Rel i For ¢
first etic.pale face and facing towards the sa side as.the.first
mgnet HACHRES A8t BR] BT ER dBE ARG mbe B BYRE IOMBINR § ng
body so as to be a predeterm ned di stance a ar{:ﬁﬁ rom.t he fc'i rst. mgnet or
so as memberme phase difierenehiés grperateigRetnarrflesied sovmd grd "Cecond
magnetic pole face corresponds to the second coil The vibrati nrgt body of the
third twissbig bf theeibradienmemhbesig constqueptiywarsedaEhersiniepthei ng
..menber, a helically shaped first coil disposed on the vibrating menber,
Jand a babndaguatityhispedelleodnd coil di sposed on the

Note that neither is there any twisting in the vibrating membrane
caused by reflected sound when the first magnet and second magnet are
disposed in contact with each other because no phase difference is
generated in the reflected sound from the magnetic pole face, however,
because the magnet itself is formed from a hard material, it has a high
degree of reflectivity and the reflected sound increases. In the present
invention, reflected sound can be reduced thanks to the provision of a
pliable air layer- forming member.

In order to achieve the above objects, the third aspect of the present
invention is a flat acoustic conversion device comprising: a vibrating body
provided with a vibrating member, a helically shaped first coil disposed on
the vibrating member, and a helically shaped second coil disposed on the
vibrating member adjacent to the first coil; a first magnet which is provided
with a first magnetic pole face and which is mounted to the vibrating body

such that the first magnetic pole face corresponds to the first coil; and a

second magnet which is provided with a second pole face having a polarity

10



vi brating nenber adjacent to the first coil. The first nmagnei.. i.s PrQy4 ded
with a first magnetic pole face having a first polarity (e.é) I‘Q'ﬁ%zﬂmty)
and is nmounted to the vibrating body such that the first magnetic pole face
corresponds to the first coil. The second magnet is provided with a second
magneti c pole face having a second polarity (e.g. S polarity) which is
different. to the first polarity. The second na net is mounted to the

vi br at idherestdp Gt t@@fb@tdnagenst:é?q%ﬁf@%ﬁ angIacHee SORRTAS LRMmSARRES i r st
magnet or so as to be in contact with the first magnet and so as to face
t owar dsidhes shadirst deagisetihpold faste amdweich gsobad megneids imoyneed 0 manner
that the second magnetic pole face corresponds to the second coil. it is

pr ef er aht @ibhting beds sorgvebe apeedotaritdedaliatarice bparefraim vheimmvabl e
with respect to the vibrating body As a result, the magnetic flux -

gener ah@%ﬁé@m 8GR 1PBEGH dohaNet wifH eme f ﬁ@@rﬁd%r?ét @ Reldctipg énd ace

t owar ds e second magnetic pole face or from 1he second magnetic pole

face tguasds rﬁ?&éh&ﬁ?l%{:bﬁegﬁhﬁd‘éa&% LRI pgly. the magnetic {1 ux

in the area be ace and the second magnetic
pol e face onseqguyen etl flux in the ar.ea .bet ween the
first magnd Vﬁ r?ﬂﬁggjé)gé'néf %egﬁ&'}ﬁ% ?f tﬂeé)reaff?&é?}’%‘h AR antially
parallel tg the surf of the |bra|n interlinks with the
First BERYIdsfdvithe Stuanipa Bambe éﬁ&ﬁéﬂ?f aEh FHlgCPhEISRRFSERE 1 owi ng
t hrough the first coil and second coil, the force act ing on the current
f r om t Hee Fywsingrigreber, and Wahglé@alémh ediasead ¢l Basposachentihest
~.magnet, and the second magnet vibrate integrally together. In the third
Jaspect vibiratimg meveber adjachst soshe firet tosThefignemagnrtiherovutadividynet are
nounted to the vibrating body, the thickness of the flat acoustic
conver sifirst ndegnetic ipode fdcecchavive adist tfulaney (¢ gaN polarity) pnidors art .

mounted to the vibrating body such that the first magnetic pole face

corresponds to the first coil. The second magnet is provided with a second

magnetic pole face having a second polarity {e.g. S polarity) which is

different to the first polarity. The second magnet is mounted to the vibrating

body so as to be a predetermined distance apart from the first magnet or so

as to be in contact with the first magnet and so as to face towards the same

side as the first magnetic pole face and in such a manner that the second

magnetic pole face corresponds to the second coil. it is preferable that these

magnets are mounted so as to be relatively movable with respect to the

vibrating body.

As a result, the magnetic flux generated from each magnet travels from
the first magnetic pole face towards the second magnetic pole face or from
the second magnetic pole face towards the first magnetic pole face.

Accordingly, the magnetic flux in the area between the first magnetic pole

face and the second magnetic pole face, and consequently, the magnetic

11



The fourth. aspect of the present invention is a flat acoustic conversion
device conprising: a vibrating body provided with a vibrating rmenbér 2
helically shaped first coil disposed on the vibrating nenber, and a
helically shaped second coil disposed on the vibrating nenber adjacent to
the first coil; a holding nmenber which is capable of holding a plurality

of magnets bhetween itself and the vibrati n%ﬁbody and which is disposed so
as to BRIX adimgrasbetwermthefraemsanct arrd the seyrbmaghetirpEels gy aded

with a first nmagnetic pole face and which is held between the vibrating
body awidreichion sabsdtanttiatiyriparalelcto thmsutfaeefafrtdte whgaghgonpoiteerf and
corresponds to the first coil; and a second magnet which is provided with

a secopgrepRhishagh tHaRFdiCdl abahktsecdnld esienThéitfgtbyoéhangidgd tse
magnetic pole face and facing towards the same side as the first magnetic

pol e f%gt?r&ﬁ%%fr@tﬁ%ﬁg}ﬂth@ﬁ%‘te&oﬂ Snh&lcdopelt WREMhETBrod Q&ﬁﬁ?% bedy and

t he hol'ding nenber" so as to be a predetermned distance apart fromthe

: Lresiegﬁﬂr%%gﬁé%f ﬂzé‘%%%*én?tiffe Ei@;% P PhEfbrlely, WE dirtingBER, AQDaRy ne ™™
2003 | ] ' [ he, fi ] d
Second AR SHACHOFE el REEFR { b BOIIF BT (PRbie) HUFBF SHRD) t ho

vi brating body_ and a hol di ng menber._ By changi ng the current. flow ng
t hr ougRSPeRt gij thenunysptiosn pesavsadhe dirst magngtand the serened MagBeLaF ¢ ent
from the magnetic field is changed and the vibrating body, the first
magnet mavretedstectdradvitaghisxg, bedid, tgwetln@knemg ofrtid dpt @icoristie Ganeysin y
together. In the fourth aspect of the invention, because the first magnet
)and t héewiee dtek]f cmgyriet merde Heinthelrethamein tie pridoratti ng body and the hol di ng
menber, the thickness of the flat acoustic conversion speaker itself can
be made t hTheésurth aspect of the present invention is a flat acoustic conversion
device comprising: a vibrating body provided with a vibrating member, a
helically shaped first coil disposed on the vibrating member, and a helically
shaped second coil disposed on the vibrating member adjacent to the first
coil; a holding member which is capable of holding a plurality of magnets
between itself and the vibrating body and which is disposed so as to be
facing the vibrating member; a first magnet which is provided with a first
magnetic pole face and which is held between the vibrating body and the
holding member such that the first magnetic pole face corresponds to the
first coil; and a second magnet which is provided with a second pole face
having a polarity different to that of the first magnetic pole face and facing
towards the same side as the first magnetic pole face and which second
magnet is held between the vibrating body and the holding member so as to
be a predetermined distance apart from the first magnet or so as to be in

contact with the first magnet and such that the second magnetic pole face

corresponds to the second coil.

12



)

than in the prior art, in the sane way as in the third aspect. Note ;h%t,
in the fourth aspect of the present invention, it is possibléd foBECt &l

hol di ng nmenber to be forned froma thin nenbrane such as the vibrating
menber. However, by form ng the holding nmenber froma vibrating body
provided with a vibrating nmenber, a helically shaped first coil disposed on

the vi brating, nenber, and a%thel ically shaped. sec%gd.coi | di sgosed on the
vi brating keriberfodaihashect of trePreseit Byentiogn dhsylirsidupgngh ﬁél the first
coil and second coil so that the first coil corresponds to_ a magnetic pole
face opposndenagnehard hekt betigeeni(angpreferabdy elosdlg adlrered tehghet and the
second coil corresponds to a nmagnetic pole face opposite to the second
magnet vibiReirg bade sefd &lwldace ntembgneBy drxhdingstreduiictentdlowimeg i r st
magnet and second magnet (preferably in a state of cl ose adhesion) between

a pai r (RfoydiPiat it BeliAR sbOSnAWHCkheffoidd 8E1ihBdm gheRUReén Cirohuxes
i ncreases and the sound pressure can also he incréeased. Note also that the

i br o PG PbRGe TR PERGHERARA! L8R R e BELY Rt B4R 5003 boay
e A T gm e b T A
agnet LIS e LU BFAERHGTh GgouA8 Tl trSt P RERBA THF RTP fmgnet | 0.
pliabl e nenbers placed between the nmagnets and the vibrating, body and
hol di nmagneseare heldderiareenies vibratig body s d tae Awldinmhaienbgfethi® pe
mounted, it is preferable if the first and second nagnets are nounted by a
part othichkokssagtee flafreousiie conversiamdpsakenitsepan begnade thinner

than in the prior art, in the same way as in the third aspect.

Note that, in the foﬁrth aspect of the present invention, it is possible for

the holding member to be formed from a thin membrane such as the

vibrating member. However, by forming the holding member from a

vibrating body provided with a vibrating member, a helically shaped first

coil disposed on the vibrating member, a_nd a helically shaped second coil

disposed on the vibrating member adjacent to the first coil, and by

positioning the first coil and second coil so that the first coil corresponds to

a magnetic pole face opposite to the first magnetic pole face of the first

magnet and the second coil corresponds to a magnetic pole face opposite to

the second magnetic pole face of the second magnet, and by sandwiching

the first magnet and second magnet (preferably in a state of close adhesion)

between a pair of vibrating bodies, the number of interlinking magnetic

fluxes increases and the sound pressure can also be increased.

Note also that the first magnet and the second magnet can be directly

mounted to the vibrating body or can be directly held between a vibrating

13



hel d between the vibrating body and the hol ding nenber, it is possible for
the first and second magnets to be held with a part of the ndnBE§ #llant ed
or for the first and second magnets to be held without any part of the
magnets being nmounted. It is preferable if a non-magnetic sheet materi al
that is pliable and porous is used for the pliable nmenber, such as rock

wool , | ass ol ,. non-woven fabric, Japanes aper,. or the like Wen the
first BRdY Bldfﬁér@ﬁglba‘?rea% Sterabed e%&a@t Bohidien itds alsteesss T the
density of the magnetic flux In a direction parallel to the surface of the
vi br at imgme e firthanHesenoss! wignedn torbervibsatingdoshcwiid ammyet s
decreases as the distance between the first and second magnets i ncreases.

11', havegestic pliabld risdmand beewoad thegwed, oratcehpldades fias andrdecomd (i . e.
alnmost in contact with) or in contact with each other, the density of the

nmagnet fadrdty Hetwleld e eBirheihgliosd) beld heldiRg mbrdtrgenith Abg- vi brating

menber can be set at the maxi mum and the sound pressure, |Increased even
fur t hefua i | bm BRI pRRERNDe FAASBAS 1 on SRALEY tReRABAGLAREM ned
di st anf(::]rleal pa{rbt bggb\f/énen tﬁgpéjpr st an%l secog% mag%rét S are giesrl)ose ?n
cont ac ith each..other, .t i, effective if, the first S oils are
1211 bel SRR uDsCRE ikt defraRh Wit b Biel b T 2eR SRR e an
invention, _In the ahove descrihed.first. throygh fourth aspects of the
br 656rATS 1y BEAABRItE Rt S ISETHRATE i BEShirt Jeco RS BeP R B A Bosed ouch
that their magnetic fluxes interlink at Flosi tions_on the vibrating nmenber
cor r esHONIIEE B atprrtrefreachinpgste Whaen thgdush snds seenid maggReiscalfol e
..face. Moireover, as described above, because the magnetic flux in the area
)bet wedneldheetvraast the gilsrsdongl bedyrand the dvdtling member cétis ossivstient i al | y
parallel to the surface of the vibrating nenber, the nmagnetic flux acts in
a the first and second magnets to be held with a part of the magnets mounted
or for the first and second magnets to be held without any part of the
magnets being mounted. It is preferable if a non-magnetic sheet material
that is pliable and porous is used for the pliable member, such as rock wool,
glass wool, non-woven fabric, Japanese paper, or the like.
When the first and second magnets are spaced a predetermined
distance apart, the density of the magnetic flux in a direction parallel to the
surface of the vibrating member in the area between the first and second
magnets decreases as the distance between the first and second magnets
increases. If, however, the first and second magnets are placed adjacent to
(i.e. almost in contact with) or in contact with each other, the density of the
magnetic flux in the direction parallel to the surface of the vibrating member
can be set at the maximum and the sound pressure increased even further.
When the first and second magnets are spaced a predetermined

distance apart or when the first and second magnets are disposed in

contact with each other, it is effective if the first and second coils are
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direction substantially parallel wth the surface of the vibrating nenber
on the portion extending fromthe inner periphery of the fifst Bof12003
adj acent to the second coil to the outer periphery and fromthe inner
peri phery of the second coil adjacent to the first coil to the outer
peri phery. Therefore, when current is fed to the first and second coils,
the direction of the force which the current receives fromthe nagnetic
field idéspasgsstafersaribgdgar thenshcomdanspect plethaupreseatonVEREIOR-br at i ng
menber and the force in the direction of the surface of the vibrating
menber is tetheadbede desuitdchfrstnthirbulghi fogurpb seipeices vb thequesendi se
conponents and i nprove sound quality. Note that, it is preferable if the

Vi br at ingrtesethd frdtl @iednddicroant céid arantbthatispgstdedlr thatdgrieti c pol e
face and second magnetic pole face because this allows the magnetic fl ux

travel %ﬂé}i@ﬂeﬁ@gﬁ{&w%h@%i&{é ¥n tPRMAbE&linkOnEhtheur face of the

vi br at menber and acting oh those portions of“the first coil and the

q | . _ . - . di
tho safitarpEBkIERR) HhEERE RSt s T8rt RRSTRRENE HagHUEPBILAcED e

d il dt h i f th d il DEC 200 ad] nt
ot neMaTFRYeR G deqdidbed AROPPORCETuEhERs SPEESRRT Aot s (REATER: 11 ow ng. 2D
t hrough the portion extending fromthe inner. periphery of the first coil
adj acehetwesn Hee §ssbandesggondomaeds tervale AnphEiEctiofefyRe AR Ay ¢ he

magnetic field, and the direction of the force which the current flow ng
t hr oughardliel tpdiei warfage of dhagibrating mecihesy the magretyc Hux aetsirand coi |

...adjacent to the first coil to the outer periphery receives fromthe

)rragnet diretiiehdulastantizdly sarsdle] With ¢herseyrface af tusvilraginghatembermn a | ar ge
sound vol unme can be

the portion extending from the inner periphery of the first coil adjacent to

the second coil to the outer periphery and from the inner periphery of the

second coil adjacent to the first coil to the outer periphery.

Therefore, when current is fed to the first aﬁd second coils, the
direction of the force which the current receives from the magnetic field is
substantially perpendicular to the surface- of the vibrating member and the
force in the direction of the surface of the vibrating member is decreased
resulting in it being possible to reduce noise components and improve
sound quality.

Note that, it is preferable if the vibrating member is placed adjacent to
and facing the first magnetic pole face and second magnetic pole face
because this allows the magnetic flux traveling in a direction substantially
parallel to the surface of the vibrating member and acting on those portions
of the first coil and the second coil adjacent to each other to be increased.

If current is fed in the same direction through the portion of the first

coil adjacent to the second coil and through the portion of the second coil
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generated. If current is fed in the same direction through tfhe pgrt izgey of
the first <coil adjacent to the second coil and through the portion of the
second coil adjacent to the first coil in the sanme vibrating body used in
both the third and fourth aspects of the present invention, the direction
of the force which the current flow ng through the portion extending from
the inner Periphery of the first coil adjacent to_ the second coi|l to the
out er peiagsinérty theduistesil, thedirerdiaraghtts oreeevhictnfee everentiiaving of the
force which the current flow ng through the portion extending fromthe

i nner gerdugietlye pbrtiba extendivdg €mirh thdjiacentpdrophéwy 61 thst ficsll ¢odo t he outer
periphery receives fromthe magnetic field, are the sane. Therefore, a

| ar ge g@iHréntab YRR sae8Hadokl tosiH @htes Herishdsneiceiad friffiethe fligritic | s
supplied in the sanme direct-lon to each coil, the current nmay be fed to

each cLly id?ﬁgg?%ﬂﬁ%k't%n Epg?éé gédvce%hfi@?ﬁ{é Fﬁ?gﬁ‘?ﬂlﬁl%iﬁ%%ﬁ%ﬁ&h@, oi | ‘and

second col’l e connecte the curren -1 the sa direction

h i fthe fi il adj ofe]] h
L&E i Eﬂgﬁi&% %%f bt PRt RiEH or 4 A PR I e
[ i ndi ' ti f the fir. d d coil both th
From tHESRPIitD HECoRGORPEOPLETarr PGP 1A (16 RASTAIS TEET IRcis. t hot cof

as is showmn in Figs. 2A and 2B, either the inner- periPheraI si des of both
the fisameedhereforenn @eousiiccsigaad Hiaving adasge sometd sallgre Re Bt er
peri pheral sides of both the first <coil L1. and the second coil L2 are
connecgattrakéd. however, the directions of the coils of the first and second
...coils are different going fromthe outer periphery to the inner periphery,
Jas is shovifi cuirrerd Bsfed3ify tHinel s3Be Hhrectinnethrperghpties porsodefdhedmestof t he
first coil L1 and

coil adjacent to the second coil and through the portion of the second coil

adjacent to the first coil in the same vibrating body used in both the third

and fourth aspects of the present invention, the direction of the force which

the current flowing through the portion extending from the inner periphery

of the first coil adjacent to the second coil to the outer periphery receives

from the magnetic field, and the direction of the force which the current

flowing through the portion extending from the inner periphery of the

second coil adjacent to the first coil to the outer periphery receives from the

magnetic field, are the same. Therefore, a large sound volume acoustic

signal can be generated.

When current is sﬁpplied in the same direction to each coil, the current

may be fed to each coil independently. However, as described below, the

first coil and second coil may be connected and the current fed in the same

direction to the portion of the first coil adjacent to the second coil and to the

portion of the second coil adjacent to the first coil. Namely, when the coil

winding directions of the first and second coils are both the same from the
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second coil L2 can be connected to the outer peripheral side of the other

coil. Aternatively, as shown in Fig. 3C, the inner peri phgr—,al %{23@3 of
both the first coil L | and the second coil L2 can be connect QJ}- ach

other, and the outer peripheral sides of both the first coil L1 and the
second coil L2 can be <connected to each other. Note that the direction
indicated by the arrows in Figs. 2A 2B, 3A, 3B and 3Cis the direction
t r avel 68tes PeR@hagiasein thawreapedphigsicsitherer, asilpshmniolrigs. 2épect s of
the present invention, when a first nmagnet and second magnet are held
bet weenna PBi eitbier\thiriatiengperputed sidés vhboth tkeetfirsh cofl It herclithent
flowing through the portion of the first «coil adjacent to the second coil

and t hee@od icoil 0P arbeoratened epitheasli@e gitrifiteral Redés bSbotRithel firsabl e to
be reversed in each vibrating body, it is possible to nake the direction

of the nGe i1e L iived by the current flow ng
ﬁéﬂ I aEHOdHeg Q@cedggﬂ B6i1S hiekdnheesid/

t hrough the coils vibrating body the sane. The fifth aspect of the

present iny %5‘?%5%25@8 fgllg%tcﬁ%?)%ugftéhcc coY é)?irsg?ﬁéidcgec%q{g)%ﬁg Me S y

fi et

irst. magnhe a first magnetic p face 1S subs
parallel .to a predeterm ned surface; a segond nmagnet. ,di sposed adjacent to
or in SUIRIERE diNH QT8 1 QuSRRAENTTCHP HHANECSBEHRECoghit SEO8G e f ace
having a_polarity different fromthe pol aritIy of the first 17 11 DEC 2003
magnet FeFpi 34 adel 3B, dhpdnast ipsrinhegad sideep! ppefdhs fagpticihi-dandur f ace
and faces towards the same side as the first nmagnetic pole face of the
first senugrbeoil d2qan heicopnashed to the posedpesphsrabsiigad thewthgs coble

..predetermned Surface, a first coi Iwhich is helically wound and is

)di sposaéltersaiivelyhas stagmatindtigl GC, |thieeininerkseriphergicsdes of bothtthe vi brati ng
menber which corresponds to the first magnetic pole face; a second coil
whi ch fissst dadl e cand) the Rekbadl cadhBR earbbadonmechead op pasht ¢hdiry agld te t 0 t he

st oCL(I)tlelr peripheral sides of both the first coil L1 and the second coil L2 can be
connected to each other. Note that the direction indicated by the arrows in
Figs. 2A, 2B, 3A, 3B and 3C is the direction traveled by the current.

Note also that in the third and fourth aspects of the present invention,
when a first magnet and second magnet are held between a pair of vibrating
bodies, if the direction of the current flowing through the portion of the first
coil adjacent to the second coil and the portion of the second coil adjacent to
the first coil is able to be reversed in each vibrating body, it is possible to
make the direction of the force from the magnetic field received by the
current flowing through the coils of each vibrating body the same.

The fifth aspect of the present invention is a flat acoustic conversion
device comprising: a first magnet disposed so that a first magnetic pole face
is substantially parallel to a predetermined surface; a second magnet

disposed adjacent to or in contact with the first magnet such that a second

magnetic pole face having a polarity different from the polarity of the first
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and is disposed such that magnetic flux interlinks in a position on the
vi brating nmenber which corresponds to the first nagnetic pole1f¢c§ Caﬂ@
which is provided at a position on the vibrating nmenber overl appi hg w R

the first coil, and whose inner peripheral end is connected to an inner
peri pheral end of the first coil; a third coil which is fornmed in a helical
shape wound. mthe_ sane direction as the second co|l, and ich is disposed

such PrRENGHIGRetS fag igsibstentialsparalle] e dhe Bredsicimensd Siufasty menber
whi ch corresponds to the second magnetic pole face, and whose outer

per i phendlfacendowardsrheciagte tsodansdledirspenaghetial paadaot of Hbedersdnd coi | ;
and a fourth coil which is fornmed in a helical shape wound in the sane

di r ect hreaprag; atWbrafingshendidr, dispdsedlisohad so thapasedrdsithet hat magneti c
flux interlinks in a- position on the vibrating nenber which corresponds to

the seppftbteRINEH isirPde  BFS cANILHIVRIE !Pléli%aﬂ&q)ébﬁﬁ@l 2hd 3s REShSs&D on the
vi brating nenber overlapping with the third coil, and whose i nner

ber i phenah B oh 2n 6GRMRE! flelfnR0 ih BB RAN BASHAl R ue: bl r d coi .

The si aspe € present 1nve ni1s a flat acoustic conversion
devi ce_conpri sing. _a, Vvjbrati.ng bod rovided with a vibrating menber, a
st BB GhTsRRestin e B P9 B Ricabele Theh s bR TR ng
menber, 11 C 2003 econd coi|.whjch is helically wound Ln the opposite
dir ectﬁoéﬁl"tcggt ﬁé“&i@ ts.%‘al?;f'o?"’io 1 §f"€1ioﬁ£’6’§é‘i§’ e?ﬂén\/‘i"bﬁ‘ﬁ hﬁ%} t¥hber so as
to overlap with the first coil, and whose inner peripheral end is
connectd is disppsatherchdhiatiapgnetie fhvpinteninksrig: a poisition pn fped coi |
Whichis formed in a helical shape wound in the sanme direction as the
)secondviboating andmberdiviids edrias pomel svicottet fingt mragrisdic poleafaces apsl adj acent
to the second coil, and whose outer peripheral end is connected to an
out er whidlplepadtvided aff a trheisec andtivovibragimg smdmbet lvvecdlaippingivweithi s f or ned
in a helical shape wound in the same direction as the

the first coil, and whose inner peripheral end is connected to an inner

peripheral end of the first coil; a third coil which is formed in a helical shape

wound in the same direction as the second coil, and which is disposed such

that magnetic flux interlinks in a position on the vibrating member which

corresponds to the second magnetic pole face, and whose outer peripheral

end is connected to an outer peripheral end of the second coil; and a fourth

coil which is formed in a helical shape wound in the same direction as the

first coil, and which is disposed such that magnetic flux interlinks in a

position on the vibrating member which corresponds to the second

magnetic pole face, and which is provided at a position on the vibrating

member overlapping with the third cotl, and whose inner peripheral end is

connected to an inner peripheral end of the third coil.

The sixth aspect of the present invention is a flat acoustic conversion

device comprising: a vibrating body provided with a vibrating member, a

first coil which is helically wound and is disposed on the vibrating member,
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first coil, and is disposed on the vibrating nmenber so as to be adjacent to
the first coil and to overlap with the third coil, and whose i1nrpeDEg 2003
peripheral end is connected to an inner peripheral end of the third coll;
a first magnet which is provided with a first nmagnetic pole face and is
nounted to the vibrating body such that the first nmagnetic pole face

corresponds to the first coil_ and second coil-, and a secon net which
i's prof HE@TA £9F Ahig dﬁdmelaﬁ}}}yew&%ﬁ%t 20PPRAIE r%\cwgﬁjw it er ent

fromthe polarity of the first nmagnetic pole face and facing towards the
sane sicdd aryd ihéispased emghetvibrapng enembier sinads ihioyRrlepcuiHd Higyhest i s

di sposed either a predeterm ned distance apart fromthe first magnet or in
cont actoilpaht whesé imaer pegipdterabprdd ishimmdcteduonrtrethner péephiebaht i ng body
such that the second Magnetic pole face corresponds to the third coil and

fourt hep@idf thENg-ss @veNbhtiAs@ el Whidhes firase@nin avaitdl @hape woulddin
acoustic conversion device conprising: a vibrating body provided with a
vi br at R Bf ] ' i j HiGldel WPYRE e tise di sposed on
the  viby Splie difection' as Bhe SRELAWLAN dif [P HGRIsN dRAL y wound in the
opposi te Lrection to the first.,coi i i | W ng
menber %egnggr £9 aJ?‘Qtol ¢ Bgéa ts?oo%? %‘%%&I\#F Rﬁt %{eﬁ]&? lﬁgge ?’ﬂt %$§e¥llﬁ?{eq%% whose
i nner peri.pheral end is connpected o .an |nper peripheral end af the first.
col . BRfb Eangseiedhin 8 sater araheral end RbFre SFcatd se e HIHIE sam
direction as the second coil, and_ is disposed on the vjbrating nenber so
as to seladighastiormedhim adedilshiape wahad b tlac sams dgertipRerathend i s
.connected to an outer peripheral. end of the second coil, and a fourth
Jeoi | whrsttedil gt iedisppsechenitbsl vibraingwoamber sp addodamadifiqeadttioon as t he
first coil, and is disposed on the vibrating nenber so as to be adjacent
t o t hetHe fisst oul hAndnicb vverdaprwih thiet thitdeoilhiandl whose inner peripheral

end is connected to an inner peripheral end of the third coil; a first magnet

which is provided with a first magnetic pole face and is mounted to the

vibrating body such that the first magnetic pole face corresponds to the first

coil and second coil; and a second magnet which is provided with a second

magnetic pole face having a polarity different from the polarity of the first

magnetic pole face and facing towards the same side as the first magnetic

pole face, and which second magnet is disposed either a predetermined

distance apart from the first magnet or in contact with the first magnet, and

which is mounted to the vibrating body such that the second magnetic pole

face corresponds to the third coil and fourth coil.

The seventh aspect of the present invention is a flat acoustic
conversion device comprising: a vibrating body provided with a vibrating
member, a first coil which is helically wound and is disposed on the

vibrating member, a second coil which is helically wound in the opposite

direction to the first coil and is disposed on the vibrating member so as to
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coil, and whose inner peripheral end is connected to an inner peripheral
end of the third coil; a holding nenber which is capabl e of 1h(pl%ggz[}ﬂ3
plurality of magnets between itself and the vibrating body and ichis

di sposed so as to be facing the vibrating body; a first nagnet which is
provided with a first magnetic pole face and is held between the vibrating
body and the hol ding_nmenber such that the first gne(ilc ole fa

cor r es PREEP WithhEhe fiFsd caibiand M Qs BRI P hg &6 Hnﬁﬁgqﬁi?omhi chis
provided with a second magnetic pole face having a polarity different from
y of the innagtperghetdlenbbtthadiestadilf adhingl ﬁ@&/&ﬂ@l@htlﬁef%m%i Hidge the
polarity as the first nagnetic pole face, and which second magnet is

di sposg@lieal bRApe avgeddhahe sratedisé@ioe aapdre sdacord tbB, &ndsis nmagnet or in
contact with the first magnet, and which is held between the vibrating

body apgkihedehdhesibraike mentRridahs thheSasRREnIRENBE Sede@ldcdbAce

corresponds to the third <coil and fourth coil. Namely, in the sixth and
soven! heASPEGE et BRrRRESEILA NSO A0S oY bbkal poaphesy shade Nl o
i on PR Reroed el hea fa CORERRECE R B rdPlsdls TP 2o ona
he. 1 5 Ee SR Ag6etiom &b 806 dah PHle SPbRHPRESHL AL TR SIS, ver | ap
with the first coil, and whose inner perjpheral end is connected to an
i nner measnbgnepas tmbesidiagrnt tq Hae dwpt col aryl Fql oEBTIAPY BTG thBFed | n a
~helical shape wound in the sanme direction as the second coil, and is
di sposediloandivehose inner peripheral end is connected to an inner peripheral

end of the third coil; a holding member which is capable of holding a

plurality of magnets between itself and the vibrating body and which is

disposed so as to be facing the vibrating body; a first magnet which is

provided with a first magnetic pole face and is held between the vibrating

body and thé holding member such that the first magnetic pole face

corresponds to the first coil and second coil; and a second magnet which is

provided with a second magnetic pole face having a polarity different from

the polarity of the first magnetic pole face and facing towards the same side

as the first magnetic pole face, and which second magnet is disposed either

a predetermined distance apart from the first magnet or in contact with the

first magnet, and which is held between the vibrating body and the holding

member such that the second magnetic pole face corresponds to the third

coil and fourth coil.

Namely, in the sixth and seventh aspects of the present invention, the

vibrating body of the third and fourth aspects is provided with the following.

Namely, the vibrating body is provided with a vibrating member, a first coil
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vi brating nmenber so as to be adjacent. to the second coil, and whose outer
peripheral end is connected to an outer peripheral end of the qﬁﬂpQﬂggl
and a fourth coil which is forned in a helical shape wound |n t he sane
direction as the.first coil, and is disposed on the vibrating nenber so as
to be adjacent to the first coil and to overlap with the third coil, and

whose i nner, r| pher al nnect an,. i nner heral end of t he
third “Beh ishelich Yéﬁ"b‘l‘#flﬂg @é&fwafm émpﬁl &lﬁrarlﬁlﬁé'ﬁﬁ T, 22981 ng
menber of the seventh aspect of the present invention is forned froma

vi br at coid voloith isploswiageth aihdlical whiane wogneeimbéhe ogppsitstdicertiomiPch is
helically wound and is disposed on the vibrating nenber, a second coil

whi ch tlse fiestredil iamdais Hiddposad ahépe viloratithg méerndeo sposd te oderlaptwothh t 0 t he
first coil and is disposed on the vibrating nenber so as to overlap with

the fifsd fig@d Lol a@ﬂd WHESE i ietepe RBhePAEEAH 18ROnnkcean B el£thiér an i nner
peripheral end of the first. coil, athird coil which is forned |n a

hel i Cgé dﬁgﬂ@fﬁf’%@f Lfe D8 éﬁg"‘a eiresil %1%‘13 i{ RIS ARG KQlidal

di spo e V|brat|n er so as adj acent to the sec nd coi

d wh I d I d f
204 oS i SHRLSh ALY P SBER' S A, UL REORRRET 2 end ©
dinth d t the first 21 11 093 i
o b e A S AL G e et

and to overlap with the third coil, and whose inner peripheral 9
connecP@aPhQr%lneﬁfhh%ﬁoﬁéﬁptﬂﬁbltcaﬁne‘ﬁélte@fpﬁ%ﬁh??ﬁlr@%B?F ef’ﬁﬁoﬁfjrﬁcﬁ =aspect of
the present invention is a flat acoustic conversion device conprising: a
Ifirst ang refoutith peskewhdoh s fermediinsa hedigabshepgoveundda thessamsst antial |y
parallel to a predeterm ned surface; a second nmagnet

direction as the first coil, and is disposed on the vibrating member so as to

be adjacent to the first coil and to overlap with the third coil, and whose
inner peripheral end is connected to an inner peripheral end of the third
coil.

In the eiglhth aspect of the present invention, the holding member of
the seventh aspect of the present invention is formed from a vibrating body
provided with a vibrating member, a first coil which is helically wound and
is disposed on the vibrating member, a second coil which is formed in a
helical shape wound in the opposite direction to the first coil and is
disposed on the vibrating member so as to overlap with the first coil, and
whose inner peripheral end is connected to an inner peripheral end of the
first coil, a third coil which is formed in a helical shape wound in the same
direction as the second coil, and is disposed on the vibrating member so as
to be adjacent to the second coil, and whose outer peripheral end is
connected to an outer peripheral end of the second coil, and a fourth coil

which is formed in a helical shape wound in the same direction as the first
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)

di sposed a predeterm ned di stance apart fromthe first nmagnet or in contact
with the first nmagnet such that a. second magnetic pole face haViE( €003
polarity different fromthe polarity of the first magnetic pole face is
substantially parallel to the predeterm ned surface and faces towards the
sanme side as the first magnetic pole face of the first nmagnet; a. vibrating
menber di sposed so as to face towards the first nagnetic pole face and the
second ‘Rilgaad s gispesed@n the pibrmding mempgy sp aokhbapdisrelt tetBposed so
as to formtogether with the vibrating nenber an air |ayer of a

pr edet érst ned arhd ¢k oesslaprwithettd thsitd rmmgln etnide wialse insee Eavtiplecdhd
magneti c pole face sides of the vibrating nenber; a first coil which is

hel i calid yowaeoetd s ahsirdies sridleridhaf tieghiid coil.l ux interlinks in an
area on the vibrating nenber ich corresponds to the first magnetic pole

face;, a seqpRthitth! adfictibfithe’ HredRat iRvénich s f180aR6UNALS dverbith

opposite direction to the first coil and i1s disposed such that nagnetic

1 UX T BESI 8 orin 2 B SRRRA A LRLAS LOGHIPTORL ML oR BRrASspands ¢ 0

the first magnetic € second®™corl” ‘overlaps with
the first ¢ojl _in.an ar on th i brati nber which corresponds to the
first IRGHERIAneE PraRbe! cof PRt ine, WP B 0BT B nnect ed t 0
an inner peripheral end of A  the first coil; a third coil which is forned in
a hel i €HPaSEg R PRESIGTTHNEH distancq apgyt Ippmsthe fesidmagaet o8 IBLAHECEecond
coil, and ehich is disposed such that. magnetic flux interlinks in an area
on t heWitththae fingt magest sinele khat ersesopshmagnstihpoleiassdchanigged i c pol e
face, and -", hose outer peripheral end is connected to an outer peripheral
end of polagityediffedenbitomahd polhoiytdf thediist whaghetis gade dace ish a hel i cal
shape wound 'n the same direction as the first coil, and which is di sposed
such tdhabstmgisly pathlixl totler brodsterminnd surface and faces towards the

same side as the first magnetic pole face of the first magnet; a vibrating

member disposed so as to face towards the first magnetic pole face and the

second magnetic pole face; a pliable air layer forming member disposed so

as to form together with the vibrating member an air layer of a

predetermined thickness on the first magnetic pole face and second

magnetic pole face sides of the vibrating member; a first coil which is

helically wound and is disposed such that magnetic flux interlinks in an

area on the vibrating member which corresponds to the first magnetic pole

face; a second coil which is formed in a helical shape wound in the opposite

direction to the first coil and is disposed such that magnetic flux interlinks

in an area on the vibrating member which corresponds to the first magnetic

pole face, and such that the second coil overlaps with the first coil in an area

on the vibrating member which corresponds to the first magnetic pole face,

and whose inner peripheral end is connected to an inner peripheral end of

the first coil; a third coil which is formed in a helical shape wound in the

22



area on the vibrating nenber which corresponds to the second nmagnetic pole
face, and such that the fourth coil overlaps with the third coll! D (a2(03
area on the vibrating nmenber which corresponds to the second magnetic pole
face, and whose inner peripheral end is connected to an inner peripheral
end of the third coil. In the fifth to ninth aspects of the present
invention, a., first coil is provided on one surface of the vibrating
menber Seame daressiepnas Ebe sependmashiand wiichistdisposed FHeR Wl he vi brati ng
menber. The inner peripheral end of the second coil is passed through the
vi br at nnagmetd éhanderlooks e teedatea phetlienvibratihgpeeinpber whielnd of the first
coil. Athird coil is provided on the other surface of the vibrating

menber cafebsponRly thittsecdrsd Prifyhege pole e, il swtidwceutdr pdrepMetdlat i ng

menber- The inner peripheral provided of the fourth coil is passed through

the vi Qﬁaltiisr&d’f'f‘é’éﬂéﬁ t82h oﬁﬂﬂ{lgﬁgﬁiﬁﬁle}é’l &g of @H@rsel%@r;ﬂ:ll&ﬁf; alnfadoRkth he

third coil. By providing coi n both surfaces of the vibrating nenber
in thi gqaﬁ st Vi ing: i i Gl reover,
becausgO he 1|ecnrl'ln1esr ﬂ’ggﬁ’%{]@%‘a}? écn%‘ssgﬁ(;%%? ﬁ%%rrlldr grf 'ﬂgﬁ%a&%gﬁﬁcﬁ@@g?’ Flg’ l\{glre C
connected to.each ather, d begaus he, i nner peripheral..ends or the
Chi o TRRE Fole RO cORD tn oAl D os LSRR AR Htan 0 Hhe. DEC
2.003 outer peripheral ends of the second and third coils are connected to
each 8f3fePn HifeVibsrhagoRsHeT Witiela corsrmrend st Ehe SREPRHJNRBRFHE. In the
fifth to ninth aspects, the first coil, the second coil, the third coil,
and t hpokeolaceh suchthabtbe dobrtlycolpvanhpshwitbhutlee thiod embialarend of the
- first coil of one coil group can be connected to the outer peripheral end
Jof  t hardzoont thecuiblratihgtihendshrawtuith cortesgproogs td the sesomdymagnetis possi bl e

to arrange a plurality of coil groups. In this case as well, because the
curr enpole face, and whose inner peripheral end is connected to an inner

peripheral end of the third coil.

In the fifth to ninth aspects of the present invention, a first coil is

provided on one surface of the vibrating member and a second coil is

provided on another surface of the vibrating member. The inner peripheral

end of the second coil is passed through the vibrating member and

connected to the internal peripheral end of the first coil. A third coil is

provided on the other surface of the vibrating member and a fourth coil 1s

provided on the one surface of the vibrating member. The inner peripheral

end of the fourth coil is passed through the vibrating member and

connected to the inner peripheral end of the third coil. By providing coils on

both surfaces of the vibrating member in this manner, the vibrating

member can be used efficiently.

Moreover, because the inner peripheral ends of the first and second

coils are connected to each other, and because the inner peripheral ends of

the third and fourth coils are connected to each other, and because the
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flows in the same direction through each coil of adjacent coil groups

di sposed on the sanme surface, the efficiency can be inproved qn@ TPQE@3
generation can be reduced to an absolute mninum It is poss ﬁ
superpose a plurality of these coil groups in the direction of the coi

thi ckness. In the sixth to ninth aspects of the present invention as well,
as Intile second to fourth aspects, when the first nagnet_ and second
magnet outer ppupheraheads obitbasesentirmnd dhidaerils apprennectsd tRepeht i ve | f
the coils are disposed such that the inner and outer peripheries of the
spi r al otdedd, sharmilsposn tiedioetheal frpos at singde contihelovisowate. ng body sandwi chi ng
a position corresponding to the outer edge of the first magnetic pole

face. \Wenid Bge fifiH & nivagngépeadid, Secanst oyl wcenpasiil,ithirethiidicodnt act
with each other, it is effectlve if tile coil,, arc p03|t|oned such t hat

the inggy tg]%fdfomﬁa' 31 Rfrnt BRe HI gﬁiuﬁ Qllastia @u@@fcﬁeﬁg%}waﬁa dnhkhe

vi brating y outsi e an area wh I ncl udes a position corresponding to

the ce r pefi pheries
of theﬁg%ﬁ el of 808N Gr Boet S Bestet 6 FHE OBl bRt Bl B (S
-eighth ect t sent |nv t|on en 24 11 DEC 20 he first
magnet 'hh E‘cﬁfﬂl Hgﬁﬁ‘gla é"i“?r%ta‘?fa R B tNSWe: HaiSrPY Slgfeo% %ting bodi es,
t he dlrectlon of the current flow ng through the cqils corresponding to
the reapéage® PRaTHEY Ol o1} gU@RedlY hisgase 3% Wl ]e(%iﬂcﬁﬂ’éﬁ CUHFEs. As a
result, the directions of the forces fromthe magnetic flelds acting on

t he cﬁmwntlnfmmetdwwg@nttheougm@th coihof pedgrant ¢@l @revAsi ng bodi es

.are made the same and the nunbers of interlinking magnetic fluxes
)i ncr eadisposetium ehalshinmg stinfaceptind efficssay earobbeniprovedsutd noise

generation can be reduced to an absolute minimum.

It is possible to superpose a phurality of these coil groups in the
direction of the coil thickness.

In the sixth to ninth aspects of the present invention as well, as in the
second to fourth aspects, when the first magnet and second magnet are
positioned a predetermined distance apart, it is effective if the coils are
disposed such that the inner and outer peripheries of the spiral coils are
positioned at positions on the vibrating body sandwiching a position
corresponding to the outer edge of the first magnetic pole face. When the
first magnet and second magnet are positioned in contact with each other, it
is effective if the coils are positioned such that the inner peripheries of the
spiral coils are each positioned on the vibrating body outside an area which
includes a position corresponding to the center of the magnetic pole faces,
and such that the outer peripheries of the spiral coils do not overlap each
other.

Note that in the sixth to eighth aspects of the present invention, when
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The tenth aspect of the present invention is a flat acoustic conversion
device conprising: a first magnet disposed so that a first naPnetic ol e
face is substantially parallel to a predeternined surface; la iﬁﬁbﬁmﬁﬁagnet
di sposed adjacent to or in contact wwth the first. magnet such that a
second magnetic pole face having a polarity different fromthe polarity of
the first nagnetic pole face is substantially parallel to the

pr edet Eheifissbmageiand seE0Nd JBaSREhAFE SaRAYIChRE RetWEeRs2 B7dT Of r st

magnetic pole face of the first nagnet; a vibrating nenber provided wth a
conducvirapireceodiss, poe dinrctiand! Haw cngrentclowineg shrowgla themals i nks with
magnetic flux fromthe first and second magnets di sposed on the conduct or

pl acenesireppbhiitiy t@theeespagivempenetois foussed foheacondube sibmtthg he
vi brating nenber together; and a pliable supporting nmenber for envel oping

the copdifdsOns RLaSqTeRhe RRFdItRINDES tRefoticBEatbdtHEe rfindtagaehds with the
conductor and thereby supporting the conductor placenent portion of the

o e PR e o,y o oo

pl acene I"'on o er 1s capab vi bratingtoget her
with the,. conductor wi thout th onductor pl.ac nt, .porti f
vibratBHGKSﬁEﬁH@F%gh@&?ﬁ%nfﬁwaﬁéﬁSFnﬁ eﬁacﬁﬁpﬁg%‘ 1§gfnﬁ%gﬁ%fﬁgagﬁ%er
surface o the_hogusing Eﬁﬁber. A conductor is placed on the conductor
pl acenBifrepsrd, o eriphng hs SAYRG HFeABEre 59 PEHOTeAtF-aspect of the
present invention. The vibrating nmenber and the conductor are supported
i nsi de a Hbbesiteatihespeet peihg PEaseN oBBENBPHIHA laf FCAUPIS LPPNETHERber such
Jthat the vibrating nenber is capable of vibrating together with the

Jconducdexiceicomprisirtge a firfirapigng! destrsedasel thahd st megnetig Hole &2eont act
with the internal surface of the housing nenber. Therefore, when current
i s supiglsudskthatllycparhiidlan avprbdeterotinedgnatface;f & seconteriaignies, t he
current flow ng through

disposed adjacent to or in contact with the first magnet such that a second

magnetic pole face having a polarity different from the polarity of the first

magnetic pole face is substantially parallel to the predetermined surface

and faces towards the same side as the first magnetic pole face of the first

magnet; a vibrating member provided with a conductor placement portion -

and having a conductor which interlinks with magnetic flux from the first

and second magnets disposed on the conductor placement portion; a

housing member for housing the conductor and the vibrating member

together; and a pliable supporting member for enveloping the conductor

placement portion of the vibrating member together with the conductor and

thereby supporting the conductor placement portion of the vibrating

member together with the conductor such that the conductor placement

portion of the vibrating member is capable of vibrating together with the

conductor without the conductor placement portion of the vibrating

member and the conductor coming into contact with the inner surface of
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t he conductor receives force fromthe magnetic flux and the conductor

pl acenent portion of the vibrating nmenber is energized so as {a@ wi-brage
ogether with the conductor, thus producing sound. Ester wool, a non fwoven
fabric made fromurethane, cloth, cotton, or the like can be used for the
pliabl e supporting menber. In addition to the coils fornmed in a helical
shape that are described below, it is also possible to use as the
conductthﬁé'lmb%ﬁﬂd"@tfmkg?rw res and the |ike positioned where the magnetic
flux interacts. According to the tenth aspect of the present invention,
because thé cpetipiverialplendd wf ththieondudtert plagsnzarehpartipoofitbe of the
vibrating nmenber act as a free termnal, it is possible to cause the

ent i r e viisaiiy slerpbeceNEid terdr Aspectadfl thegresbnainvegntimiEhe ibratimgt e at a
| arge anplitude. As a result, the vibrating nenber can be nmade to vibrate

effici endhner 1R8I BAE¥EARNCRSPERE sAbpbbRPIRI88 ] hOUSIHY Blkrhbed Hy at

acoustic conversion device conprising: a first magnet di sposed so that a

first bgﬁg%b&oﬁghg% gg@i%ﬁes%@@%&gg}ghke@aag@ucﬁ' et hePhitfatfRIgM ned

sur f ace; seco isp cent. to or In contact w th the.
first magnet such 26 11 C 2003 th a_second nmagnetic | e ce having a
pol ar i ﬂﬁqﬂ‘ﬁfzfésr ﬁﬁPaE}eo‘fﬂr f%%mgamgi e%fm&hgh FP#@%&&E&O%%FI@% ace is
substantial|y parallel to the predeterm ned surface ang f.aces 2tllovvar ds the
sane sViREasin membesandugpnrdvetogdianmg migreonigst il thedptesnaly
vi brating menber provided with a coil placenent portion and having a coil
whi ch purfeceiofitbevihensinggmemnber.| Therelens, tHeen crsTerinis sppbad tRednet s
.. di sposed on the coil placenent portion; a housing nenmber for housing the
)coi | andndhetori witht whechrendenetio fethirter limlgs athsl atrieat wping thrapgienber
for enveloping the coil placenent portion of the vibrating nmenber together
with tHe eohluand tdretiedyfaepdontn thge trisemeid flux and the conductor
placement portion of the vibrating member is energized so as to vibrate
together with the conductor, thus producing sound. Ester wool, a non- '
woven fabric made from urethane, cloth, cotton, or the like can be used for
the pliable supporting member. In addition to the coils formed in a helical
shape that are described below, it is also possible to use as the conductors
conducting wires and the like positioned where the magnetic flux interacts.
According to the tenth aspect of the present invention, because the
peripheral ends of the conductor placement portion of the vibrating member
act as a free terminal, it is possible to cause the entire conductor placement
portion of the vibrating member to vibrate at a large amplitude. As a resuilt,
the vibrating member can be made to vibrate efficiently.
The eleventh aspect of the present invention is a flat acoustic
conversion device comprising: a first magnet disposed so that a first

magnetic pole face is substantially parallel to a predetermined surface; a

second magnet disposed adjacent to or in contact with the first magnet such
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pl acement portion of the vibrating nenber together with the coil such that
the coil placenent portion of the vibrating nenber is capabl equ chb?@fi ng
together with the coil without the coil placenent portion of the*vi‘b ng
menber and the coil comng into contact with the inner surface of the

housi ng menber. A coil is placed on the coil placenent portion of the

vi brating nenber of the eleventh aspect of the present inventiaon. The

vi br at ithgt ssesendanagnatc pede face kavagpopelaritndifigscat fomithg nadabdéy by
bei ng envel oped by a pliable supporting nenber such that the vibrating
menber of she dpabhegictid pokt favg istsogetthetialiyt patdike] dcoithewtchlett rineed

vi brating nmenber and coil comng into contact with the internal surface of

t he hoysiriger@id ¢ice ehRa N sahlesideeds Phe fakt &fic page vady af i ng
menber are supported in a state of being a free end which can vibrate.

Ther ef o e fr00aMh U EVbEatis %ﬁ%@r%ﬁo@icﬁﬂ Yt iMALELTBANSS ifo | U

interlinks, the—current flowng throagh the col Ives force fromthe

LG o . and . nlac . ' .Qf i ' nmber i
ener oi 204 W4Vin@ bR i PETRE MR ERRE X o PSSR "Souna

Ester wool, ,a non-woyen fabric _made.from urethane, cloth,, cotton, or the
i ke cSFCPH HRAgNetSAiFREsH PRbihs %‘E}bﬁﬁﬁ“fqlﬁﬁnmgf’.rl; AP eiEyMEn PRE

el eventh aspect of the present_invention, because the _peripheral ends of
t he cofar hpusiagdhe o enshthy viratingymember tegaiberaanda pligbig¢ee end, it
is possible to cause the entire coil placenment portion of the vibrating
menber seppotttngrecmbes foaegeekmnitthgecoinplacaraent portibe ofitheat i ng  nenber
.-.can be made to vibrate efficiently. Note that it is preferable if the coil
)pl acemahbiratiogtmember digepbeeditiathacentand thrdelhasiupgportiagftlrestotiagnet i ¢
pol e face and second magnetic pole face because, in that case, the
nmagnet plackimont péntidn 0 the vibditheg manbes tbgeddr withythpacail Iseichimhat t he
vi brating nenber surface and acting on
the coil placement portion of the vibrating member is capable of vibrating
together with the coil without the coil placement portion of the vibrating
member and the coil coming into contact with the inner surface of the
housing member.
A coil is placed on the coil placement portion of the vibrating member of
the eleventh aspect of the present invention. The vibrating member and the
coil are supported inside a housing member by being enveloped by a pliable
supporting member such that the vibrating member is capable of vibrating
together with the coil without the vibrating member and coil coming into
contact with the internal surface of the housing member. Accordingly, the
peripheral ends of the vibrating member are supported in a state of being a
free end which can vibrate. Therefore, when current is supplied to a coil
with which magnetic flux interlinks, the current flowing through the coil

receives force from the magnetic flux and the coil placement portion of the

vibrating member is energized so as to vibrate together with the coil, thus

27



those portions of the first and second coils which are adjacent ﬁ@NegﬁQ

other can be increased. Mrreover, in the tenth and eIeventh‘aSpec% “6f the

present invention, it is possible to place the first. and second magnets

on a flexible nmenber such as cloth, flexible plastic, or the like and to

formthe housing nenber froma flexible nenber of the sane material as

t hat used _above. By usjng thi structure, %%Kgs possible tq make the fl at
R

acoust PECRSAVIE SPBRAaERteWopset oty WexXFBI e e8! MEy-AGhl e to
accomodate the flat acoustic conversion device inside clothing, or inside

a shoutlggh, pattongrorttine likk eanNeg wsedHar the pliakle soipwsyding BEOLEBr m t he
flexi ble menber froma plurality- of small rigid pieces connected

t oget her. Aoctiiinpwel flichelespati aspethef thie peatentnitariitom, Becepeskidie edge i s
used which is provided with a curved portion conprising an elastic nmenber

_ havi ngpé\rip%}wéh@@bmea call fma&&heﬁ@rﬁo@ﬁ@hadf e $ibeAatiaBdnambeingast 28
peri pheral portion thereof formed in a curved shape, and an outer

peripherale pRAL §0 ﬁ@ssgﬂiec SPEEKBhe Eggf;reic%i; F%n%&)@ﬁgf%-of tfd an outrr

peri pheral portion o vi brating ne IS o0 ah I nner peripheral

portion,of..the speaker edge erein_a_hi | agti.c I rfi.0n whose
oaul (eeSrbRTeEREre  EittAL 87 3 Rafe deitids S Crtib iy ARLRR Sndtng
portions is formed in at |egst on ortion in the |ongitudinal direction of
the z MEOPeRaRpdit ‘iﬁh¥1I@&E@ﬁﬁgePﬁg'annunt the high el astic nodul us
portion is displaced by external force. When the speaker, edge_is

suppor t i ngVate, thatitilspreisredle i the colhplagement parbes: iSHgspREABdr i s borne
.by the curved portion. The |oad on the curved portion differs depending on
Mthe siadiagadt thapel Bcingthe fivstmiagmetinbele face and second magnetic pole

face because, in that case, the magnetic flux traveling in a direction
substantially parallel with the vibrating member surface and acting on
those portions of the first and second coils which are adjacent to each other
can be increased.

Moreover, in the tenth and eleventh aspects of the present invention, 1t
is possible to place the first and second magnets on a flexible member such
as cloth, flexible plastic, or the like and to form the housing member from a
flexible member of the same material as that used above. By using this
structure, it is possible to make the flat acoustic conversion device itself
flexible which makes it possible to accommodate the flat acoustic
conversion device inside clothing, or inside a shoulder pad, or the like. Note
that it is also possible to form the flexible member from a plurality of small
rigid pieces connected together.

In the twelfth aspect of the present invention, a speaker edge is used
which is provided with a curved portion comprising an elastic member

having a portion between an outer peripheral portion and an inner
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The | oad al so differs depending, on the |ocation of the curv§d1g§§&i£%. | f
the vibrating nmenber has a narrow, elongated shape, the |oad is“* 003
particularly |large on the curved portion near the center in the

| ongi tudi nal direction of the vibrating nmenber, |leading to the vibrating
menber sagging. As a result, the vibrating nenber cannot be kept parallel
to the main surface of the frame, Therefore, high elastic nodulus portions
are pr8eri@berahportien dlreyeef fosaiad Bhagurved sharshanthasr@1tde 1 oad is the
light to be great, preventing the vibrating nenber from saggi ng. Wen
sound psripiepat poblecaudevhivd spedret ¢dgr reefitbed te ttaframne,i and@imgutenm thi s
state, a. flat wave with no phase difference can be output.~ It is also
possi bperiphepabpbigoh ke ilitagingsineenivgdigl fissedd s tainoihrivt pétiphkeal ng at

| east one portion in the longitudinal direction of the curved portion., or
by i ncgsﬁébﬂ%ftth%_g%ﬂérye&ge,tvmer%hﬁsat high"@aReE HeUHINg fdrforPRMhogRor tion.
Q DEC 2003 The thirteenth aspect of the present invention is a flat

acoust ] V. ' Vi LSi g I ' ' e on

i on BoAfIER bR siReROPRELE L oy UTTCIRR B o8 il O
predet erm.ned. pol ari of .one nmagnet .is.t osite of ,a di.rectiqgn faced
by a mrRuRibEeg i &t 89S PRE Boknd ih e ABBRUGnal ashboRdt 8 | “ond &
peri pheral wall  provided on the_ base so as togﬁurround the pluraljity of

magnet@irved poBieR thysadsing dbermeHBt phs dughelprbeimed uits Pertiort st

helically wound coil and a second helically wound coil whose coil w nding
di r ectisorispthdedebyiaxtaeadriganee with a polarity of whichever of the
~..plurality of nmagnets the coil is facing; and a speaker edge provided with

Ja curved When the speaker edge is supporting a vibrating member, the load of
the vibrating member is borne by the curved portion. The load on the curved
portion differs depending on the size and shape of the vibrating member.
The load also differs depending on the location of the curved portion. If the
vibrating member has a narrow, elongated shape, the load is particularly
large on the curved portion near the center in the longitudinal direction of
the vibrating member, leading to the vibrating member sagging. As a result,
the vibrating member cannot be kept parallel to the main surface of the
frame. Therefore, high elastic modulus portions are provided in the curved
portion at positions where the load is thought to be great, preventing the
vibrating member from sagging. When sound is output, because the
vibrating member starts vibrating from this state, a flat wave with no phase
difference can be output.

It is also possible to provide the high elastic modulus portion by
thickening at least one portion in the longitudinal direction of the curved
portion, or by increasing the density of the elastic member forming that one

portion.
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portion conprising an elastic nmenber having a portion between an outer
peripheral portion and an inner peripheral portion thereof farhdd( 2083
curved shape, and an outer peripheral portion of the speaker-edge is fixed
to a frame, and an outer peripheral portion of the vibrating nmenber is
fixed to an inner peripheral portion of the speaker edge, and a high

el astic nodul us . portjon whos dulus of elasticity.is higher than a
nmodul us of T@i%@ﬁﬂ@??@@ﬁ?%ﬁP?éﬁgd?rﬁﬁe’@%i@‘fwl? & gé}adte%cqﬁstég | east one
portion in the longitudinal direction of the curved portion thus reducing
t he ansanversienhleyhceragtirisingpauirameprovidadisitbissphaeen phiektar nal
force. The speaker edge supports the vibrating nenber such that the first
and se@borhlitgl ofadkloyevwrne agningedhsachodidti odadctibaviacetdoyphural i ty of
magnet s whi ch have different polarities in a direction perpendicular to the

sur f acerédetehiRad§olEAgH of ohehf 18Renes $hé HppRsitkidinedirestibheldeegeppuch
t hat he orientation of" the polarity of the magnet is different fromthe

Cant ati . . .
rccor diicgefimblt Ol o $indenBORGIa R A0 UMe ort Wi RO
field) ticul tt t adj . ticul
manet PEUPPIER! AL Rhided ot Ttk ook droen aghir o ABeau8ibial o et ™
f d si i lied to, t i rst d d lical ils,
for co MBEsISr ANahra g FECRHES (aging dae bAIc and PEaTiacs et A Tstor dance
with Flemng' s left-hand |law. As a result, the_ vibrating nenber. is

di spl abedcally vand eetlaneér sroand belically wolend goplarbose goikwinding

-produci ng a sound. In this case, the curved Portion of the speaker edge

provi ddiregiiohsaliffeghercaodldnce withea polaubr of whighever ogheirdigalithel | oad i s
likely to be great, thus preventing the vibrating nmenber from saggi ng-
When souagmeits thatquil is faetagisend Bespedcat edge peotidedsyaht s curved
portion comprising an elastic member having a portion between an outer
peripheral portion and an inner peripheral portion thereof formed in a
curved shape, and an outer peripheral portion of the speaker edge is fixed to
a frame, and an outer peripheral portion of the vibrating member is fixed to
an inner peripheral portion of the speaker edge, and a high elastic modulus
portion whose modulus of elasticity is higher than a modulus of elasticity of
surrounding portions is formed in at least one portion in the longitudinal
direction of the curved portion thus reducing the amount the high elastic
modulus portion is displaced by external force.
The speaker edge supports the vibrating member such that the first
and second helically wound coils are positioned above the plurality of
magnets which have different polarities in a direction perpendicular to the
surface of the base. Each of the magnets is positioned on the base such that

the orientation of the polarity of one magnet is different from the orientation

of the polarity of a magnet adjacent to the one magnet. Accordingly, the
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vibrating fromthis state, a flat wave with no phase difference can be
output. It is also possible to provide the high elastic nndubuF Rortion in
the speaker edge by thickening at | east one portion in the éhﬂh&ﬁmﬁl
direction of the curved portion, or by increasing the density of the

el astic nenber formng that one portion. Alternatively, it is possible to
provide a plurality high elastic npdulus portions in the |ongitudinal

di r ect ABwCHPN e BipgRRIIC Portmergnetichekl) dp from apsvdcalayapegnes tBlairal ity
of magnet rows conprising alternate first and second nmagnets in one

di r ect magrzdradjecent tmgledt pachiculdranagnet sortdtatahd magonticfligmet s are
alternated in a second direction at a right angle to the first direction.

By usi bgtwédrs niggectefinateéangeenen cubut & 4 woohd sigskl mgneidicand a.
plurality of second nagnets can be arranged in a matrix pattern- Moreover,

when 1 hig RANGISE s@é@nér}fef}ﬂﬁﬁl%ilg, éff@ﬁ%er isXperR@ht& th t}helﬁ firéSaRQSEBIN@L O

provide first and second coils or first to fourth coils to correspond to

each - [:1S : 1GS. L § da .~ 003
vor covas T (St AR A W R e TR M e ol e e
magnets.are arranged . n,a matrjx pattern, as descrihed. above, it is
possi BB =B BgBE TG “caR e e Brir€q tom dec e D Hah Gt BoSHect o
correspond o each of the first and second coils or first t ourth coils.
By ar r‘g"r?@F’ﬂé; tBRSPEICCBRA SPPEG 3R thit SRsmEHoPSrURPATEPR éﬁhﬁy of
second nmagnets in a matrix formation, as described above, it is possible to
i ncr eatReakes adgederovidedaghleeshighes snpdrilvs el elasiiciyent bartiongererear e
-yarranged in rows. Mreover, because the number of coils provided is the
Jsanme ahedoad imlikdlplte Tof grémt, thmsepreventmgnedis vibrhtingumseahbet &iognh of t he

portions of the coils interlinking with the magnetic flux can be
| engt hep@thhg. When sound is output, because the vibrating member starts

vibrating from this state, a flat wave with no phase difference can be output.

It is also possible to provide the high elastic modulus portion in the

speaker edge by thickening at least one portion in the longitudinal direction

of the curved portion, or by increasing the density of the elastic member

forming that one portion. Alternatively, it is possible to provide a plurality of

high elastic modulus portions in the longitudinal direction of the curved

portion.

In each of the above aspects, a plurality of magnet rows comprising

alternate first and second magnets in one direction can be arranged such

that the first and second magnets are alternated in a second direction at a

right angle to the first direction. By using this type of arrangement, a

plurality of first magnets and a plurality of second magnets can be arranged

in a matrix pattern. Moreover, when the magnets are arranged in a matrix

pattern, it is possible to provide first and second coils or first to fourth coils

to correspond to each of the first and second magnets thus positioned.
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Further, the proportion of the surface of the vibrating nmenber occupi ed_ by
the coils is increased, thereby inproving the sound conver si ol éfﬁEEi%Wéy
and further inproving the sound quality. As described above, when a
plurality of first magnets and a. plurality of second nmagnets are arranged
inamtrix pattern, the first coils L1 and the second coils L2 can be
connected as is shown in Figs. 2 and 3 described above. Furthernore, when
a plural i t Mefeolver,sin theyHeitrd and feupthuaspéaty affthesevendiomagnees thee used,
coil group units each conprising first and second coils connected together
in serimesgnés aorangefliigsa nZabtpdtteeanabelesoninedt sobve) ipay pbssible as
shown in Fig. connecting together a plurality of coils in series or in

par al | eb poRitid edcRUTRNBF s Anef s&&ir BinAikiBaadd & cé%@?@hhoﬂbseaé}be
i npedance of the flat speaker can be set” to an appropriate val ue.

Mor eov t i LS f apnected in this way, it is
possi bﬁgt}tlg%%gg%ﬁg %&0 Qigé(?)l&%%?rﬁﬁﬁég)tfﬁg%ﬁbg%lg'ow One coil or froma
plurality of coils.connected together. aresult., .b rqyi ding a
Dl Ural 1y By SERRETGaRch fet BT e dnaEna end RirkBidng “a
separate signal source to each coil, group nulti-cgarineL sound sources or
st er eoPHARE TABEMEE SBLR FBIULR AoBBabisfaidseic aSibs 4PsYRgitdsmossiRlsciker . It
is, of course, also possible to connect a single signal source to all of
t he coincregpedbs nymbesadtmagnetss in gerfparssommdtls eduiy basgnegsetiadrde made
ina plurality types of shape. In this case, the first and second coils
can beameurgkd im sdwipeblorhovdr, hrezatise eneuasbethef cords prnewidet] ishdef | r st and

-.second magnets. By formng, magnets in a plurality of different shapes, it

_ )i S possamecasd or a multiple of the number of magnets, the overall length of the

portions of the coils interlinking with the magnetic flux can be lengthened.
Further, the proportion of the surface of the vibrating member occupied by
the coils is increased, thereby improving the sound conversion efficiency
and further improving the sound quality.

As described above, when a plurality of first magnets and a plurality of
second magnets are arranged in a matrix pattern, the first coils L1 and the
second coils L2 can be connected as is shown in Figs. 2 and 3 described
above.

Furthermore, when a plurality of first magnets and a plurality of
second magnets are used, coil group units each comprising first and second
coils connected together in series, as shown in Figs. 2 and 3, can be
connected in parallel, as shown in Fig. 3C.

By connecting together a plurality of coils in series or in parallel, orina
combination of serial and parallel connections, the impedance of the flat

speaker can be set to an appropriate value. Moreover, because the coils can

be freely connected in this way, it is possible to form a coil group from either
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arrange the first and second magnets to -match the shape of the flat
acoustic conversion apparatus. Therefore, any shape can be dji Yepgtro2iiie
flat acoustic conversion device allow ng increased freedom when desi gni ng
t he shape of the overall acoustic conversion device. The above magnets and
coils can be fornmed in free shapes such as triangles, quadrangles,

pent agons, hexagons, or other poI_Iygons, circles, ellipses, or even in

i rr eguPBe shbpeiom v pRURHEY dbiceilsfemnscng tegetheraPsangesulty Pangul ar and
guadr angul ar or other polygonally shaped magnets in in a matrix pattern
wher e pacnidimeg agiluirsligi oheosil gnowpatasidevd flat agfakentinimagdetmsindcginger y
close to adjacrnt magnets, or is a predeterm ned di stancce apart from

adj ac eats_eraga&,t Signa$ sber&yBadh <bilfd@up} mBiti-chem i Solursd@redsedt cal |y
wound coils L on the vibrating menber surface to correspond to each magnet

SO as é&rk%ﬁ&ﬁ%éo%@@%hk@eg EHy éﬁﬁdtiﬁgd%ls%‘%até?ﬂ ﬁéjﬂéﬁﬁg&ftkeﬂ heis,”
nber and al f the et

vi brating along the directions o gaps b rn each "nmagnet,

t he sh t 5| Qusti.c.copversi o evi can igped | 33
11 oD g PGl R M sl S R R B PR L ces
havi ng shapes wunlike such devices hitherto can be forned and the setting
of the39 dance becones flexible. By combining such shapes and patterns

of arrangenent, a plurality of _magnets having small magnetic pole faces
can be provt East ong eldediesd angd sGpped 1BogRets e le g2 PAeralEgnet can
be increased, as conpared w th when bar magnets are arranged in a
pl ur al ¢t types gashape|Inrtdis casg, dddifirsband sesomd opits fanclee dvqwed éd at t he
vi brating nenber can be

shapes which are the same as the outlines of the first and second magnets.

By forming magnets in a plurality of different shapes, it is possible to

arrange the first and second magnets to match the shape of the flat acoustic

conversion apparatus. Therefore, any shape can be given to the flat acoustic

conversion device allowing increased freedom when designing the shape of

the overall acoustic conversion device.

The above magnets and coils can be formed in free shapes such as

triangles, quadrangles, pentagons, hexagons, or other polygons, circles,

ellipses, or even in irregular shapes. It is possible, for example, to arrange

triangular and quadrangular or other polygonally shaped magnets m in a

matrix pattern where each magnet is either in contact with adjacent

magnets, is very close to adjacent magnets, or is a predetermined distance

apart from adjacent magnets, as is shown in Fig. 4. By then positioning

helically wound coils L. on the vibrating member surface to correspond to

each magnet so as to intersect magnetic flux directed along the surface of

the vibrating member and along the directions of the gaps between each

magnet, the shape of the overall acoustic conversion device can be designed
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i ncreased and made nore uniform conpared with when bar magnets, are used.
As is shown in Fig. 5 when magnets shaped as equilateral tridnlHsCat083
arranged adj acent to each other, in contact with each other, or a
predeterm ned di stance apart from each other in the shape of an equil ateral
triangle so as to forma speaker (i.e. an acoustic conversion device)

having .the oqutline of an equilateral .triangle, because there js no nutual
[ nt er { 8 Eh e BRI TeRsTg- ¢ QT i CRBVFFOAR EIEICS BavETE B 8P&Beaker,
t he sound quality can be particularly inproved. Note that the shape of the
t ri angMalike siach idemviqesdhitbertecaib beclosmad andrthie sattimggpletlend a right angle
triangl e shape may al so be enpl oyed. The above first and second magnets can

be pl ategedanaeeabenchBprible.nenber made from a nagnetic body. If the
magnets are placed on a nenber nmade from a nagnetic body, the pl ate-shaped

nmenber act ByasorabirRgnaidle SBQFBS Ml phtleshs df |arl-£lﬁ%é§ﬁ@ﬂ@,t hpllirkXty bavel s
only within"this nmagnetic path and does not |eak to the outside.

Ther ef i i - : Lrst
magnetﬁ{c no%igqﬁﬁgga%n éﬂ%eco%g%%&ﬁ%wbz%%ggﬁﬁ%ﬁ%%%ﬁoﬁg%{%e si des
enabl i hi l,u ound..si gn to b enerated, In i if the:
oot phivepiddh ¥aus TP QuRdindy 08, haher BRI flctHased, $UcPpifa | 1
magnet acenentf surface so as to farm an,angle el atjve to the magnet

T or R Wbl Mt arer RTRNERALR 4 MARAHY of PaeIlel Go8 % Bg ¢ o
magnet placenent surface fromthe bent portion, and _enters into the S

pol e. myrthe dping farcgsliredrdge dre gabngdnemier eanhe  out si de from

the side surfaces and the magneti sm can be shielded even nore efficiently.
increased and made more uniform, compared with when bar magnets are

used.

As is shown in Fig. 5, when magnets shaped as equilateral triangles are
arranged adjacent to each other, in contact with eéch other, or a
predetermined distance apart from each other in the shape of an equilateral
triangle so as to form a speaker (i.e. an acoustic conversion device) having
the outline of an equilateral triangle, because there is no mutual
interference between sound waves reflected from each side of the speaker,
the sound quality can be particularly improved. Note that the shape of the
triangle is not limited to the above equilateral triangle and a right angle
triangle shape may also be employed.

The above first and second magnets can be placed on a plate-shaped
member made from a magnetic body. If the magnets are placed on a
member made from a magnetic body, the plate-shaped member acts as a
magnetic path and almost all the magnetic flux travels only within this
magnetic path and does not leak to the outside. Therefore, high density

magnetic flux can be generated on the first magnetic pole face and second
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Note that, if a second pl ate-shaped Menber nmade from a rragnqtjcqf[bozcﬁmi S
provi ded on the opposite side of the plate-shaped nenber with the”’
vi brati ng nenber sandw ched in-between, magnetic flux passes through the
m ddl e of the second pl at e-shaped nenber, thereby enabling | eakage of the
magnetic flux to the outside to be prevented. In this case, it is

o 1 1 ) e L B SE3SR DaLc o O 10 E0yAI 13 tpacs 1 vl

in at on ese s I n the present 1 nvention, the

! oug RERE G 12 (P eryodl NIRRT O o Haeng Ry S BERE

portion of the vibrating nenber where the sanme coil group is placed does
not vi brahe disecipn pf Lae anagne PIACEMER) Farlasa P dULPIPTIRAMSNEE  obt ai ned
and sound distortion and noise are generated. Therefore, it is preferable

i f t herelaaivdrtestheomagnet\plbeamiend svaifmes, magnhticfhas existthsoNtRAR, where
the coils are placed is increased. On the other hand, because the

Vi br at bngeieahaig tse ana@iodtepeedseritosindaabdfmmahe beat poftier] gndn a
direction perpendicular to the surface of the vibrating nenber, it is

pref er ght& sl intb e @gb@q&&&fo&g&hbwg Ab 1ehRayé bY abidgeti® fiver toother t han
the placenent. 35 DEC 2003 portions where coils are placed is decreased

maki ngoixgséiggsﬁ'gﬁl {l‘ga:’ sfd%esﬁ%l:eg la%%?ff%'h’l iR &fn eestieRiat Enén nenber to

be disp In a rection [ perpendicufar to the surface of the

vibratin mﬁx‘oer. For this reason, in the present. invention, it is
prefergbc%g? lcfeﬁbﬂ)hardness of the placenent portion of the vibrating

e i R B3l I e By D palr B 008 SRUCE mbat P

Stppor ‘E)ologg i; ?)?'o¥iidt<)erdaé1i'1 r‘]c%er?png)gsrites glrcfeogp t ienglétré?s éﬁ&? nrggltn e?rvgljtgr}hies
vibrating member sandwiched in-between, magnetic flux passes through
the middle of the second plate-shaped member, thereby enabling leakage of
the magnetic flux to the outside to be prevented. In this case, it is preferable
to form at least one hole for allowing sound to pass through, in at least one
of these plate members.

In the present invention, the vibrating member is vibrated due to force
which the current flowing through the coils receives from the magnetic field.
However, if the portion of the vibrating member where the same coil group is
placed does not vibrate as an integral entity, a large sound output cannot be
obtained and sound distortion and noise are generated. Therefore, it is
pre_ferable if the hardness of the vibrating member at the placement portion
where the coils are placed is increased. On the other hand, because the
vibrating member as a whole needs to be able to vibrate freely in a direction

perpendicular to the surface of the vibrating member, it is preferable if the

hardness of portions of the vibrating member other than the placement
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decreased, the vibrating nenber can be efficiently vibrated. lhflfé{flc@hé”e
where the vibrating nenber is harder in the coil placenent porti be
obtai ned by coating the coil placenent portion of the vibrating nenber to
make it harder than the vibrating nenber surrounding the coil placenent
portion. It is also possible to make the hardness of the coil placenent

portion harder than that of .porfions surrounding.the .col nt

por t i oROBYORF AFRHS %Q}Pﬁ @r%ﬁlzi)‘?‘?éjt @o&?crﬁﬁg%%ﬁ%%gm 1t ?%Sr%gg¥ J)I'E ﬂjég\?/f?g‘raat i ng
menber and adhering the vibrating nmenber on which the coils.haye been

pl acedPlascansrhBprjop odtthggn g membezdorhg displaced 195 ARG henber .
Moreover, if an elastic portion surrounding the coil placenment portion is
pr ovi dpereidicstar tetlsuppoiace g the vibratinmomesubeo ftamidis neaseppsr the menber
and the placenent portion where coils are placed of the vibrating nenber,
t he enpid¢sertdnbentiaae iEistpredetabie if thedbdreltassrafthepalaabhenttporiorddf ect i on
perpendi cul ar to the surface of the vibrating nenber. Therefore, it is

possi bie Librdiiahferhber ¥4 Biald Raraentiedn iRE halddedsastt portidis ptiesent
i nvention, as is shown in Figs. 6.A and (---)B, "when a - magnets in are

arr a“gg%ﬁ ‘egg g}r%agéa%ﬁﬂg tpﬁngrci%Eibt’I‘ih%?ef&"e apLAGEN (HBHRGHS e85 Df tRe Hordler 2003

diffe ecause the magnetic flux between "adj acent

bk U BB R bR e 7 e
28 35 e BB cHBUE B AP L, 1 29 acen
)di fherent ’Tl’?g tst?ucgc%rry‘gﬂere the vibrating member is harder in the coil

placement portion can be obtained by coating the coil placement portion of

the vibrating member to make it harder than the vibrating member

surrounding the coil placement portion. It is also possible to make the

hardness of the coil placement portion harder than that of portions

surrounding the coil placement portion by placing coils on the coil

placement portion of the vibrating member and adhering the vibrating

member on which the coils have been placed to another vibrating member

not as hard as the vibrating member.

Moreover, if an elastic portion surrounding the coil placement portion

is provided between the supporting portion for supporting the support

member and the placement portion where coils are placed of the vibrating

member, the entire coil placement portion is able to move parallel to a

direction.perpendicular to the surface of the vibrating member. Therefore, it

is possible to vibrate the vibrating member more efficiently.

In the present invention, as is shown in Figs. 6A and 6B, when

magnets m are arranged such that the polarities of adjacent magnets are
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of magnetic pole faces having the sane polarity are adjacent to each other,
positions are created in the central portions of the N poles \AheﬁeDEtaezgua
direction of the magnetic flux is reversed. Because of this, the poSition
where the direction of the current flow ng through the coil is reversed
needs to be designed wth an extrenely high degree of accuracy, and
therefore, the above arrangement is not practical. Furthernore, as is shown
i n Fi gdifferentt fapm eaieh mihberbedausq gyotagnetgierdetvges adiasegdd in a type
of circle, it is inevitable that two adjacent nagnets will have the sane
pol ar i thegnetBdbmus érortitibedi pebt irdn tefo & ipelegghetrnaghbtix fhet we the tlteat wo

adj acent magnets having the sane polarity is reversed, this arrangenent is

not pr aetivedh mASREFLiragels in a&jiiréct&m\éi@lﬂs@aﬁigﬂﬁ%r@ml@l €8 thetsudace
preferable if adjacent magnets are placed such that there is no irregular

osi ti gni i n e (] . , } to the
P B,P:tl?%gﬁ, t\éﬁﬁﬁf"?‘%’#@% HowReR! H%heggoslggﬁfes' dresiakene masserdhng

first, el eventh ’ aspe the present i1 nvention,
becausg a first magnet and a second . n r glf:[ m ned
cur AP e 5P 18 B8 15 S gn i §TEr Tt PRSI L E S RRE S o R BB
each ot her such. thaf the nmagnetic pole faces facj.ng ip the same direction
ot heol FAehREIE TireS St N HEoMIRe PRIOE R GAECRb AR daN T he
magnetic flux traveli n% in adirection_ substantially parallel to the
sur f acBositianfeatg preateAgrndibesniral pertipesiof theE@aod Whete then val ue.
Moreover, because a first coil and second coil are both positioned such
t hat tHieetipe ofrither Magdatis flagristieverdagk Badaa1seagindiisc the pesitiermvel ing in a
.direction substantially parallel to the surface of the vibrating nemnber
)i nt er | wiiese the klitdweidn péthe ciurrandflseton thonigh the coilds mgirgrseshraedsur r ent
is supplied to the first coil and second coil, the direction of the force

to be designed with an extremely high degree of accuracy, and therefore, the

above arrangement is not practical. Furthermore, as is shown in Fig. 8, ifan

odd number of triangular magnets m are arranged in a type of circle, it is

inevitable that two adjacent magnets will have the same polarities. Because

the direction of the magnetic flux between the two adjacent magnets having

the same polarity is reversed, this arrangement is not practical. Accordingly,

as is shown in Figs 6A and 6B, it is preferable if adjacent magnets are

| placed such that there is no irregular positioning between adjacent
magnets.
As described above, according to the first, fifth, tenth, and eleventh

aspects of the present invention, because a first magnet and a second

magnet are placed on a predetermined surface so as to be a slight distance

from each other or in contact with each other such that the magnetic pole

faces facing in the same direction of the first magnet and second magnet

have different polarities, the magnetic flux traveling in a direction

substantially parallel to the surface of the vibrating member is at the
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fromthe magnetic field acting on the current is substantially | .
perpendicular to the surface of the vibrating nmenber and the brc8ECh 2803
direction along the surface of the vibrating nenber is extrenely small. As
aresult, the effect is obtained that noi se conponents are reduced and the
sound quality can be inproved. According to the second and ninth aspects
of the present invention, because a first nmagnet and a s,econg) nmagnet are
pl aced Me@xiEmnpredatus. AlpepvesuPegaEse @ estigpiband secepe: @ihpre#odist ance
fromeach other or in contact wth each other such that the nagnetic pole
f aces pasitionéd stch thwtghede e dntatindfing eagnete fivagribe magnsticdhidxmagnet
have different polarities, the magnetic flux travels in a direction

subst aptdvalling pas alitedtidro sh%%téﬂtibﬁ?@ar@ﬂlel be té Biafd degofrdeibrabargeover
because a first coil and second coil are both positioned such that there

i's i nt gfdiBki A9 WAL 1N fird D80l Grld Bill AB¥SHdingly, wBedl T €Cti on
substantially parallel to the surface of the vibrating nenber interlinks

with t Bﬁ{ltcjrft%% sg.ﬁjgilie%{‘{jo e ﬂ?gf 8{)’1}1] an Sl B8 "‘ﬁﬁ%&%{ﬁﬁ%ﬂtﬁe%?ﬁ% led to

the first coi second” Coi I rection of orce from
magnetic field actin the. current is supstantiall erpendicular to the
ur f actiogh SERanSEBFaF I ASTIE PARae T SF Bre e G bEBFRRIARIET ¢ ne
surface of the_ vibrating nenber is extrepely small. In additjon, the phase
of soutithe FHERCEP!the HETRHPEAPFBIDGTARM &nd fercstr ditsstencalangthenbor | <
made uniform by the pliable air layer-formng nmenber. As a result., the
ef f ect sitsfagptodithevibrating shemhesripsraremehr emedld dced rapidltt Hee ellsahis qual ity
~..can be inproved. Furthernore, if a plurality of first nmagnets and a
)pl ur al pbtainkdsbedmbisermgnepenents are scdreced and thet sowngauadity cath deent to
each other or in
improved.
According to the second and ninth aspects of the present invention,
because a first magnet and a second magnet are placed on a predetermined
surface so as to be a predetermined distance from each other or in contact
with each other such that the magnetic pole faces facing in the same
direction of the first magnet and second magnet have different polarities,
the magnetic flux travels in a direction substantially parallel to the surface
of the vibrating member. Moreover, because a first coil and second coil are
both positioned such that there is interlinking magnetic flux, the magnetic
flux traveling in a direction substantially parallel to the surface of the
vibrating member interlinks with the first coil and second coil. Accordingly,
when current is supplied to the first coil and second coil, the direction of the
force from the magnetic field acting on the current is substantially
perpendicular to the surface of the vibrating member and the force in a

direction along the surface of the vibrating member is extremely small. In

addition, the phase of sound reflected in the direction of the vibrating
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contact with each other, nore magnets can be positioned than m@ n 3ﬁ£
magnets are arranged in parallel rows. The nunber of coils can al 4 @UN)
made either the sane as or a nultiple of the nunber of nagnets. Therefore,
the effects are obtained that the overall length of the portion of the coi
which interlinks with the nmagnetic flux can be | engthened, the proportion
of the surface area of the_ vibratjing nenher ocgcupjed by hhe coils can be

i ncr eadRRMbERSS Arafir bindforah baridicopliable) i dAYST -TRSR AR HICTARET + i@ Sound
quality further inproved. In addition, if the shape of at |east one of the
first aesuléetdondifecigsetistained hhdb nonseacpmpaalanty ak teghwsd andithepossi bl e
to arrange the first and second magnets to nmatch the shape of the flat

speakesouhiaqedlityecan e igfifesiedl s obtained that. the flat acoustic
conversi on device can have any shape allow ng increased freedom when

desi gni ng fhetsrapseofit afgﬁuiaé(mls%ﬂ first@akelets bolea tatalibyofsédbred the

above- descri bed aspects, exanples were escribed of when a flat acoustic

conver g ' EARkNg the
Ui br at e Y rERgHT T LA EIE, afRURIClo o VHRERHEA. Cnduct or
and coil. the flat acoustic conversion devjce a be used as a
i cr opfBHEc Rt Eagh S G conart areT L Rel R nan a
flat acoustic conversi%ﬂ.devi ce,.or a ’é bration a tua]tor for 3. DEC 2003
vi br at PRESIHERASTTHRECH 1B AT RECLTBY St BhE NURAEE Aicoys PR ALY REr d, fourth,
and sixth to eighth aspects of the present invention, because a plurality,
of fi rexadesgjheesthmeamenspar mplople ebynpumabeeesmagnatsxthersfose,
-.vibrating body or held between a vibrating
the effects are obtained that the overall length of the portion of the coil
which interlinks with the magnetic flux can be lengthened, the proportion of
the surface area of the vibrating member occupied by the coils can be
increased, the acoustic conversion efficiency improved, and the sound
quality further improved.
In addition, if the shape of at least one of the first and second magnets
is made in a plurality of types, it is possible to arrange the first and second
magnets to match the shape of the flat speaker. Therefore, the effect is
obtained that the flat acoustic conversion device can have any shape
allowing increased freedom when designing the shape of the overall
speaker.
Note that, in each of the above-described aspects, examples were
described of when a flat acoustic conversion device was used as a speaker.
However, by vibrating the vibrating membrane and generating an induction
current in the conductor and coil, the flat acoustic conversion device may

also be used as a microphone, or as an ordinary acoustic conversion device

other than a flat acoustic conversion device, or a vibration actuator for
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body and a hol di ng nenber so as to be a predeterm ned di stance from each
other or in contact wth each other such that the magnetic pole faces
facing in the sane direction of the first nagnet and second ﬂabr{b&fj Hl3e
different polarities, the flat speaker unit. can be made thinner.
Furthernore, because the magnetic flux travels in a direction
substanf.tial.ly arallel to the suyrf.-Ice . of the vibrating nenber, and
becaus&RrRE FRemOCr MBichy ead IBengPrated: direction substantially parallel
to the surface of the vibrating nenber interlinks In the first coil and

second coi Accauddngdartherithird, ouphi agdtuxtthéo eightdr aspestsafdtisecond coil ,

the direction of the force fromthe magnetic field acting on the current

i s subptemnitahbgnpenpbrdacse ar phuraiite of dnrbhcegrietshend \a phataling afenber and

the force in a direction along the surface of the vibrating nenber is

extr en@édbrﬁ:l’fﬁidc?ne‘hé aelfBsdd bn 4 bﬁ)r@fai‘r%bodjﬁ R adnes wideat a vmbfﬂer_lgorrponent S
if a

are reduced and the sound quality can be inproved. Furthernore,

plural piy, gbhdfd h%idiﬁggxﬁ%h%b@xngo %é:%‘ﬁé"éi ¥dOferpSitRAMISTRIOE hd e cH I anged

inamitrix pattern € ther a predeterm ned distance front each other or in

R L e S

magnet e rang r ow, corfs carmr al so be
Ther of 6 ¢ BHBcG I EEten 4 d SR IBBERRG AIRE U] HHET h B BTN por i on
ot porRGIBH IS, Ehe NaheReakeARE" SRONOA T QTG ERE R TFIOR (SBSE 0103
occupied by the coils can be increased, the acoustic conversion efficiency
i mpr ovidxg, magaetiedl gy iravalaania diregtipResubstardiallly PrRrcBeldit thyhsurfacene shape
of at least one of the first and second nmagnets

of the vibrating member, and because the magnetic flux traveling in a

direction substantially parallel to the surface of the vibrating member

interlinks in the first coil and second coil, when current is supplied to the

first coil and second coil, the direction of the force from the magnetic field

acting on the current is substantially perpendicular to the surface of the

vibrating member-and the force in a direction along the surface of the

vibrating member is extremely small. As a result, the effect is obtained that

noise components are reduced and the sound quality can be imf)roved.

Furthermore, if a plurality of first magnets and a plurality of second

magnets are arranged in a matrix pattern either a predetermined distance

from each other or in contact with each other, more magnets can be

positioned than when bar magnets are arranged in parallel rows. The -

number of coils can alsol be made either the same as or a multiple of tﬁé

number of magnets. Therefore, the effects are obtained that the overall

length of the portion of the coil which interlinks with the magnetic flux can

be lengthened, the proportion of the surface area of the vibrating member
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is made in a plurality of types it is possible to arrange the first and
second nmagnets to match the shape of the flat speaker, Therefore tg}eﬁ
effect is obtained that the flat acoustic conversion device icanDbbv gny
shape allow ng increased freedom when designing the shape of the overall
speaker. Note that, in the above aspects, when the magnet is nmounted to the

vi brating bo it s preferabl.e to dispose a non-nmagnetic pliabl e nenber
et wechERBIeH By sbe 555G RRATERERSREGITEE ATSREE ERarssion BUCENTHE
DRAWNGS Fig. 1 is an expl oded_ perspective view showi ng a conventional flat
speakermprpygsl, @t she spRrgt guekipy fastherymiirayedns show ng connecti ons
between a first coil and a second coil when the coil winding directions are
t he sane i thditporesEnheighegrt obat ldtisgonedX, thizBimathBCsecen@xpagnatory

di agranms showi ng connections between a first coil and a second coil when

the cojd mtdedinng pliFety ONEydse it I pOSSIBI td Arfdiepdties Gnét andecosid Fig. 4
is a plan view show ng the disposition of magnets whi ch have been

o ) . di )
POSI L1 9 tb Qﬁétém%a?gb%?}gn?ﬂ?]ﬂ%% Eﬁg%ﬁ‘ﬂ&e?&le?_tﬁé%%c@ﬁs adj acen

per manent” magnets are Fig. 5'is a plan view
showi n h i Lt I DE%? been
posi ti %l?]éadﬁfeﬁ t@%?&éﬁgﬁ %éa(ﬁp%%géﬁvyr%é(ggt#g%geo?&a?h%v& %?)%'g’emagnet iC
pol e faces. of . adj acent. per manent nets are differ to eagh other. Figs.
BA ancakoViTG kRSO dHee BT RGP EAIBREE H1° FHEPRILghi VGaiof | magnet s
when there is no irregul ar positioning between adjacent nagnets
speaker.
Note that, in the above aspects, when the magnet is mounted to the

vibrating body, it s preferable to dispose a non-magnetic pliable member

between the vibrating body and the magnet.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 i1s an explodéd perspective view showing a conventional flat
speaker.

Figs. 2A and 2B are explanatory diagrams showing connections
between a first coil and a second coil when the coil winding directions are
the same in the present invention.

Figs. 3A, 3B and 3C are explanatory diagrams showing connections
between a first coil and a second ceil when the coil winding directions are
different in the present invention.

Fig. 4 is a plan view showing the disposition of magnets Whilch have
been positioned so that the polarities of the magnetic pole faces of adjacent
permanent magnets are different to each other.

Fig. 5 is a plan view showing the disposition of magnets which have
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of the present invention. Fig. 7 is a plan view show ng the disposition of
magnets when there is irregul ar positioning between adjacent] radfid 083
the present invention. Fig. 8 is a plan view show ng the disposition of an
odd nunber of mmgnets arranged in a circular configuration. Fig. 9 is an
expl oded perspective view of a first enbodi nent of the present invention.
Fig. 10 is a partial perspective view showing a heljically wound coil

di sposbgenwpaditienadpost regalasrpatherny bothat g molerisies fo%ﬁh@aﬁﬁl@@@ first
enbodi ment which corresponds to the outer peripheral portion of a

per mangole feagsaif. adjagent ptrimuramtaxnppodedape diffmetitwe eddwotiera second
enbodi nent of the present invention. Fig. 12 is a plan view show ng

connect i ongihetaLandCOB! Srel PlahheicRROMewEAE eREmgITBO A TRBtdispbgitickBot s an
expl anatory Vvi ew showi ng connections between coils positioned on both
front r f : t: ' ' ond
ebodi R R L o e o e e i
throughfg?ernanent':. na r%ets nl8 to nB8 of the above second enbodi nent. Fig.
15 is g tPoBEEIELH BTN "W -ew t aken al ong a pl ane passing through 42 coil

po o L ek s SIS R R G ol RSl B o0
peri pheral wall formed from magnctic nenbers and, of approximately the same
hei ght iraegitles prsitianéng behyaes adiacentoiagagts of 4hp RECSC A ApEEN tion.
Fig. 8 is a plan view showing the disposition of an odd number of
magnets arranged in a circular configuration.
Fig. 9 is an exploded perspective view of a first embodiment of the
present invention.
Fig. 10 is a partial perspective view showing a helically wound coil
disposed outside a position on the vibrating membrane of the above first
embodiment which corresponds to the outer peripheral portion of a
permanent magnet.
Fig. 11 is an exploded perspective view of a second embodiment of the
present invention.
Fig. 12 is a plan view showing connections between coils in the above
second embodiment.
Fig. 13 is an explanatory view showing connections between coils
positioned on both front and rear surfaces of the vibrating membrane of the
above second embodiment.
Fig. 14 is a cross-sectional view taken along a plane passing through

permanent magnets m18 to m38 of the above second embodiment,

Fig. 15 is a cross-sectional view taken along a plane passing through
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menber. Fig. 17 is an expl oded perspective view showi ng a thlrquHbOdIF%?t
of the present invention. Fig. 18 is an exploded view of the t hi #d

enbodi ment of the present invention. Fig. 19 is a plan view show ng
connections between coils in the above third enbodinment. Fig. 20 is a
partial cross-sectional view of the third enbodi nent of the present
invention. Fig. 21 is a cross-sectional VIeM/Of the fourth, enbodi nent of
the preid®sirs hidrfoilohl shioyingamqties expaply Gisng v gbraé% is a
cross-sectional view of the disposition of the pernmanent nagnets whose
magnet ienhbraneli stribution is neasured in Fig. 23. Fig. 23A is a graph
showi ng the nagnetic flux: distribution when pernmanent magnets are placed

i n contactprignitehicachooskectiohhh vivay ghpsving a betiaperxahigle ®¥BBnis an
expl anatory view showi ng the disposition of the coils corresponding to the

magnety, &n%hemdwéhrfbﬁlﬁeu%oﬁ{ A O@leﬂ:d therdhérd Bnd O Afprd8maet; Bhe. 24B is

a cross-sectional view of SpOSItI on of the per manent nmagnets whose

2o orapk At 3 R aRaREr e P AR T g Bla Rl et

are pl ace mnth a gap betmeen each ot her. Flg 25B is an explanatory view
show MG €THe¢di sposition of the coils corresponding to

Fig. 17 is an exploded perspective view showing a third embodiment of

the present invention.

Fig. 18 is an exploded view of the third embodiment of the present

invention.

Fig. 19 is a plan view showing connections between coils in the above

third embodiment.

Fig. 20 is a partial cross-sectional view of the third embodiment of the

present invention.

Fig. 21 is a cross-sectional view of the fourth embodiment of the
present invention.

Fig. 22A is a plan view and Fig. 22B is a cross-sectional view of the
disposition of the permanent magnets whose magnetic flux distribution is
measured in Fig. 23.

Fig. 23A is a graph showing the magnetic flux distribution when
permanent magnets are placed in contact with each other with no gaps in
between. Fig. 23B is an explanatory view showing the disposition of the coils
corresponding to the magnetic flux distribution of Fig. 23A.

Fig. 24A is a plan view and Fig. 24B is a cross-sectional view of the

disposition of the permanent magnets whose magnetic flux distribution is
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the magnetic flux distribution of Fig. 25A. 26 is an expl oded perspective
view show ng the fifth enbodi nent of the present invention. gi w2d 1S an
expl oded perspective view show ng the sixth enbodi nent of th g erdli3

i nvention Fig~ 28 is a cross-sectionial view taken along a plane passing

t hr ough t he permanent magnets m 18 to nB8 of the above sixth
enbodi nent . Fii%:; de?lsi an expl oded perspective view show ng the seventh
enbodi FFASWHES el 1% &stnt I nvention. Fig. 30 is --i partial cross-

sectional view of the seventh enbodi nent of the present invention. Fig. 31
is a parti Hig R ds edsta graphhawings the ragnetic BwadiseiatioRewbetent h
enbodi nent. Fig, 32 is an expl oded perspective view show ng of the present
i nvent perma@eantrhagnbodane pladddywit3Baigapabetvosa: sachiathat. Figo 2B ishe

ei ghth enbodinent. Fig- 34 is a schematic view showi ng directions of forces

act i ngafreddlgnatoryl |ely $howing thodesedsicionl f tHe ¢digs ebaRishoabaditaent . Fig.
35 is an expl oded perspective view showi ng the ninth enbodinent. | of the

B;g;eg{gh% Esr/%}%it@ﬂﬁkgdisgth%io% &f pggs_-ﬁ@_t ional view, taken along a plane

Fig. 26 is an exploded perspective view showing the fifth embodiment
of the present invention.

Fig. 27 is an exploded perspective view showing the sixth embodiment
of the present invention.

Fig. 28 is a cross-sectional view taken along a plane passing through
the permanent magnets m18 to m38 of the above sixth embodiment.

Fig. 29 is an exploded perspective view showing the seventh
embodiment of the present invention.

Fig. 30 is a partial cross-sectional view of the seventh embodiment of
the present invention.

Fig. 31 is a partial cross-sectional view of a variant example of the
seventh embodiment.

Fig. 32 is an exploded perspective view showing the eighth embodiment
of the present invention.

Fig. 33 is a cross-sectional view of the eighth embodiment.

Fig. 34 is a schematic view showing directions of forces acting on the
current flowing through coils in the eighth embodiment.

Fig. 35 is an exploded perspective view showing the ninth embodiment
of the present invention.

Fig. 36 is a cross-sectional view taken along a plane passing through
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_1 44 11 DEC 2003 the permanent magnets m 18 to nB88 of the above ninth
enbodi ment. Fig. 37 is a cross-sectional view show ng a varifait DERapgiise
when permanent magnets are positioned with a predeterm ned spaci ng between
each magnet. Fig. 38 is a cross-sectional view showi ng a variant exanple of
a group of permanent magnets. Fig. 39 is an exploded view of a flat speaker

unit according to the enbodinents of ‘5% present invention Fig. 40 is a
cr oss- $BEtRESHANSR eNagEHF myl B e Iﬁ*ﬁisnoé) et?éﬂ‘ée@fn@'hén'i IMenbodi ment of
the present invention. Figs. 41A to 41C are views explaining a nmethod of
produci ng e ¥ddea oossirectional véervod owing a Magiantexampleedspect i ve vi ew
showi ng anot her exanple of an edge. Fig. 43 is a perspective view show ng
yet a berilelergxaaghetobrapositgsned Mith adgrddetarmiessd spaciripbatweerw

showi ng anot her exanple of a vibrating nmenbrane. Fig. 45 is a

cross- ggehirfgheti ew of the eleventh embodi ment of the present invention.
Fig. 46 is a plan view of a first base of the eleventh enbodi nent. Fig. 47

el cvonth el i, S EES R BT BN e R PR 0 o

of the ﬁggl icatigon of the present invention to a speaker will now be
descri B i PRIt r ef erence made to the. drawi ngs.

Fig. 39 is an exploded view of a flat speaker unit according to the
embodiments of the present invention.
) Fig. 40 is a cross-sectional view showing the main portions of the tenth
embodiment of the present invention.
Figs. 41A to 41C are views explaining a method of producing the edge
of the tenth embodiment.
Fig. 42 is a perspective view showing another example of an edge.
Fig. 43 is a perspective view showing yet a further example of an edge.
Fig. 44 is a cross-sectional view showing another example of a
- vibrating membrane.

Fig. 45 is a cross-sectional view of the eleventh embodiment of the

present invention.

Fig. 46 is a plan view of a first base of the eleventh embodiment.
Fig. 47 is a plan view of a second base provided with conducting wires

of the eleventh embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Embodiments of the application of the present invention to a speaker

will now be described in detail with reference made to the drawings.
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45 DEC 20B3 (First enbodinment) As is shown in Fig. 9, the flat speaker unit
of the first enbodinent is provided with a yoke 20 conprising a

rectangul ar pl at e--shaped menber formed froma magnetic body.1 A DEgt 2003
triangul ar permanent nmagnet M1 1 is disposed at one corner portion of the
top surface of the yoke 20 with the S polarity magnetic pole face thereof
facing upwards and with the oblique line of the triangle facing towards

t he cofligpt smheEMKE 20. The permanent nmagnet M | is :fixed in place
usi ng an adhesive. A ferrite based magnet or neodym um based nagnet can be
used for thAs iseshmamenn ggRethe Aldtl spealspwadnidng dtharfipséramabedimengnet M 12
is disposed at a position adjacent to the pernmanent magnet M 11 al ong the
I ongi t ?ﬁibmﬂedsm @fyokbe20 yokepfing & hethmdlilpelpaid-yhapgdaneeipat e face

t hereof facing upwards and wth the surface of one side thereof in contact

Wi th T Rgnsed fiRGe é’iﬁaé’:‘ﬂ&ié LeayOR ﬂéﬂecr%{gmﬁﬁgi’erm?éf%{t Mabnbt M1A & at .,

quadr angul ar permanent nmagnet "M 13 i's di sposed at a position adjacent to
t he pe t i i i . 20 with
the & OOTERREH ATEBE Cother gL APE SR RIBLEHELBRY Bleioil 2bFjnifites
triangul ar . per manent et 4 is disposed at a ppsi.tion adjacent to the
per manERETHRGTEETS RTIEHAEhePRTo5D (A THE S ae e are Fie BPAERDERE °f aci ng
upwar dsﬁagé wi th each side sgrfﬁce t her er?gf in contact with the adjacent
two pePhHifelfianginacing thVaed pehfeiteReT Pl Jheroks €0pdSFIPYRBANGE h magnet i ¢
pole faces of alternating polarities facing ggwar ds at adj acent positions
i n t hem#ignedt¥idad isdixachin plagessingay) adkeyve cAdhrite bascdepragRehP mgnet s
M 11, M12, M13, and M14 in the yoke 20 and with the side surfaces
)t her eohepdymontrabased trthagnet can be used for the permanent magnet.
A flat, quadrangular permanent magnet M12 is disposed at a position
adjacent to the permanent magnet M11 along the longitudinal side of the
yoke 20 with the N polarity magnetic pole face thereof facing upwards and
with the surface of one side thereof in contact with the surface of one side of
the permanent magnet M11.
A flat, quadrangular permanent magnet M13 is disposed at a position
adjacent to the permanent magnet M12 along the longitudinal side of the
yoke 20 with the S polarity magnetic pole face thereof facing upwards. A flat,
triangular permanent magnet M14 is disposed at a position adjacent to the
permanent magnet M13 with the N polarity magnetic pole face thereof
facing upwards and with each side surface thereof in contact with the
adjacent two permanent magnets.
Three permanent magnets are positioned with magnetic pole faces of
alternating polarities facing upwards at adjacent positions in the direction

of the transverse sides of each of the permanent magnets M11, M12, M13,

and M14 in the yoke 20 and with the side surfaces thereof in contact with
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46 11 DEC 2003 the adj acent permanent magnet. Because the pernmanent nmagnets
Ml 1 to M4 are flat with parallel front and rear surfaces,jepz@gg%ﬁmftic
pole face is parallel with the top surface of the yoke 20 and f t he
sanme direction. Consequently, a conbination of 12 triangular and

guadr angul ar pernmanent nagnets are disposed in a matrix pattern with no gap
between magnets and with adj acent_ permanent magnets having djfferent

pol ar i theadjageitnperapareat maenel Rroauss YKerernangirt ZrageeraMent Pagnet s
positioned in the four corner portions. Because the pernmanent. magnets
have bNEH apodlat wdbtte panalltl frontapdoestansairiacaym eashsuelnehistpeladageiari ti es
of adjacent permanent nmagnets are different, the magnetic flux in a

di r ect parallelubihathie @ yuifacaldf ehetywlic20 suvd fcesah tHeesamner dirtagorenbr ane
is greatest between adjacent permanent nagnets. Note that when a pernanent

magnet M j conlegleHByaLdShBfifion WAL HiEnLAlS 426 nltaframdhilast polarity
(wherein, when i = 1°or 3, thenj =1 or 3 and when'i = 2, then j = 2 or

2
D). OBLEARANEE haeR0R Bl WipdLsh a0afee Rt IUNRL B ledh BRLESE !

i nvent en a permanen upwar ds I ng nmagnetic
pol e face has a secqnd ,pol arit fﬁmher in en i . | 3 hepn j...= 2 or 4
bnd widirenels s et pabSiety ey aBERF aleils hivipkePisTont BRI EFS T ne
first and second pagnets of .the present invention. Accordingly, a
pl ur al PEINSURVREISAN PSR (AR HRPEGRARE S ABAERCH BPSIAnF by
magnets arranged so that magnetic pole faces of alternating polarities
face upwEieliowr eernasneomions. ithecayse the pgrmadiond MagNEisRAYErREL| des of
the yoke are arranged parallel to each other such that. nagnetic pole
f aces psitibhednaithnu gapdrticen magactpeachshat thg poerivicsa astiae¢mber t he
| ongi tudi nal or transverse sides of the yoke.

permanent magnets are different, the magnetic flux in a direction

substantially parallel to the surface of the vibrating membrane is greatest

between adjacent permanent magnets.

Note that when a permanent magnet Mij, whose upwards facing

magnetic pole face has a first polarity (wherein, wheni=1or 3,thenj=1or

3 andwheni=2, thenj=2 or4), corresponds to one of the first and second

magnets of the present invention, then a permanent magnet Mij, whose

upwards facing magnetic pole face has a second polarity (wherein, when i =

1or 3, thenj=2or4and when i =2, then j = 1 or 3), corresponds to the

other one of the first and second magnets of the present invention.

Accordingly, a plurality of rows of magnets with each row comprising a

plurality of magnets arranged so that magnetic pole faces of alternating

polarities face upwards along one of either the longitudinal or transverse

sides of the yoke are arranged parallel to each other such that magnetic pole

faces of alternating polarities face upwards along the other of either the

longitudinal or transverse sides of the yoke.
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47 1 | DEC 2003 A frane-shaped spacer 16 whose thickness is tiiﬂbﬁf ?@@i
that of the permanent magnets is disposed on the top surface of ' 20
such that all of the pernmanent nmagnets are positioned inside the frane
openi ng. The peripheral portions of the nmenbrane surface of the vibrating
menbrane 26 are fixed to the top surface of the spacer 16 such that the

menbr ane syrface i arallel ta neti.c pole fa s of er nt
magnet s anh fra&%ﬁﬁﬁﬁaﬁfpﬁcgrt%% e BaeSors fiEkEh kbR IR i ned
tensional force is also applied to the nenbrane surface and the nenbrane
surf acé‘er@adiesﬁdélégnﬁ%ﬁcl%@S@ﬁéedd}%@@%ﬁolﬁ suriecerigheryokpéPesuer £8abf the
per manent nmagnets. The vibrating nenbrane 26 is formed froma high polyner
fi | m oalltdfehel perreanhnhsnagstismcepogidlopethyisede the fepghe gpetiag. or t he

i ke. An octagonal coil placenent portion whose hardness has been

i ncreased Thequgipleee0Porfignef ot fdmbra€susfaceenfthe eipesyingased) is
provided in the central portion of the vibrating menbrane 26. According

the hapfngpsa et 2fd‘§r@ﬁ§é‘d %H tHRURY 8drfhbe ot ehb d@ia%%? eNEuBRMHanHf the
vibrating nenbrane 26 is less than that of the coil pI acenent portion. The

vi br ath{%qn 59% %ﬁ?{{c@ 1's e(rlaif gtl)%gggx#lﬁg}ogyrfé@&e { gﬁry Wound16 via

t hese por ons W egree ness coils C1
1 to C34 are disposed ne, s ce of .the 0 | agenent .portion of the
i br at g ea%’r@wgﬁ F%%%?P&%ﬁ%ﬂ% of Bt R AT PG Pagners
M1 1to MB4, Each coil t‘ 4 S Eubstant aI l%""ﬁéﬁ sane shape as the
out er onal L5 1‘6131§Ch§PB e EU3C RHaLC € 06 € each
coil CI 1to C34 is formed such that coils which correspond to magnetic
Jpol e foedaChay dagpesast fanipg palchRHIgCerelo sUMEENs tichRolEiRE i 4

direction fromthe outer periphery to the inner
permanent magnets. The vibrating membrane 26 is formed from a high

polymer film or the like such as polyimide, polyethylene terephthalate, or
the like. An octagonal coil placement portion whose hardness has been
increased through a coating of ceramic or resist (e.g., epoxy based) is
provided in the central portion of the vibrating membrane 26. Accordingly,
the hardness of the area surrounding the coil placement portion of the
vibrating membrane 26 is less than that of the coil placement portion. The
vibrating membrane 26 is fixed to the top surface of the spacer 16 via these
portions with a lower degree of hardness.

Helically wound coils C11 to C34 are disposed on one surface of the
coil placement portion of the vibrating membrane 26 so as to correspond to
each of the permanent magnets M11 to M34. Each coil C11 to C34 is
substantially the same shape as the outer edge of each of the permanent
magnets M11 to M34. Moreover, each coil C11 to C34 is formed such that
coils which correspond to magnetic pole faces having the same polarity are

wound in the same winding direction from the outer periphery to the inner
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48 11 DEC, 2003 periphery. Nanely, the coils C 11, C 14, C31, and C34 which
correspond to the triangular shaped pernanent nagnets are mound in a
triangul ar shape, while the coils Cl2, Cl.3, C21 to C24, c3?2,1 Iid 2883

whi ch correspond to the quadrangul ar shaped per mmnent magnets are wound in
a quadrangul ar shape. This type of coil can be fornmed as a voice coil by
dep05|t|n a thin copper filmon the coil placenent area of the vibrating
menbr aRETPEARd by etching the thin copper filmso that the planar surface

thereof is formed in hape. I nstead of depositing the thin copper
film it i aan%;tt&@ﬁs&lb %ﬂmcé’:looandSﬁ%wégehmﬁé@&m@%rmﬂbﬁd. ng
copper foil or by lam nating copper plating. Each coil is then covered with

an i nstiiacgnpmsetapddperanedmageetsashswuridiFiagiridiguldresivaope, C 12 is
positioned in an area on the vibrating nenbrane such that the outer

per i phehyleothd &6l€Qill2, QBEIECR.] tot 0240@3H, Hed CFEMhi€h, corudspandital | y

mat ches a position corresponding to the outer edge of the magnetic pole

face. i gQYBFan@Slar I péinEhint thadlits 8iohd ih% BABThARAMSUCh

that the outer peripheral portion thereof (i.e. the coil'ed wiring thereof)
does ngﬁ ﬁ%erlap outer peripheral. portlons of other <coils. Each of the
coils &3 to 34 is di sposed in the sane vvay as the coil Cl12, nanely,

such that the outer eriph r of each coil is. oned at ._area on the
Vibrating MERORRSCLGBLE RS TRSdEs xawgcp% 7 idsroiitniia Bin ng 1o the
outer edge o the ghe ol e face, ch that the outer her al
porti o‘i%PRFfr QC%LPM eTpGRt AEGA anhe Bt etmgr\eteénbt:%@ ARG t he
size of the Magnetl c flux_in predeterm ned areas, which i ncl ude  the

)por ti oHshing the thieepperikmmer et herplesssmuiriaca thamsef iefarancdin gach

coil shape. Instead of depositing the thin copper film, it is also possible to
form a coil by press adhering or bonding copper foil or by laminating copper
plating. Each coil is then covered with an insulating material.

Further, as is shown in Fig. 10, the coil C12 is positioned in an area on
the vibrating membrane such that the outer periphery of the coil, namely,
the outer periphery Co, substantially matches a position corresponding to
the outer edge of the magnetic pole face. Moreover, as is shown in Fig. 9, the
coil C12 is positioned such that the outer peripheral portion thereof (i.e. the
coiled wiring thereof) does not overlap outer peripheral portions of other
coils. Each of the coils C11 to C34 is disposed in the same way as the coil
C12, namely, such that the outer periphery of each coil is positioned at an
area on the vibrating membrane substantially matching a position
corre‘sponding to the outer edge of the magnetic pole face, and such that the
outer peripheral portions of each coil do not overlap each other. Note that,
because the size of the magnetic flux in predetermined areas, which include

the portions of the vibrating membrane corresponding to the center of each
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49 | 7 DEC 2003 magnetic pole face, is small, it is possible to reduce the
wei ght of the vibrating nmenbrane by not providing coils in 1;I‘qe§ﬁ:~(}ar2p@§
The external peripheral ends and internal peripheral ends of adjacen
coils in the direction of a row of permanent nagnets are then connected-
Thus a coil row of coils connected in series in the order of C34 to C31.,
coil row of coils_connected.in . series in the order of.C21 C24, and a
Coi | SRAGRetiE Gl s cradl 1§ 13 gaseiblerouegedBe Brgsty C 11 are
formed. These coil rows are connected together in series in the above
or der . vitratiipweerpbkane dyt mowarendime cpilanalthepge Grep®r manent magnets are
fixed, and the spacer 16 to which is fixed the vibrating nmenbrane 26 on
whi ch are Thepegetnshpepphesdli ¢rydobnebirlternal perapherdll @t ofedieeerty t he
peri pheral edges thereof being supported by an unillustratecl supporting

menber cb0s iArtReadirbétiod REKESw WTidernBes@nS hddiRts @irk Shbaveomeested. sposed |
t he above described way on the vibrating nmenbrane which is positioned so

as 1o b, ad) 86fbl Or NS chRhBLLR j'biiict e 1B GRaL: 6f ealerd @89S aoil he

per mmnent magnets, the nmagnetic ]qu interlinks in a direction along the
surface of .the vibrating. nmenbrane., ] r&hLen f [
Magnet f%wqutﬁ?ﬂzﬁ %Oén?%tggllpnﬁ? 55 gﬁ%f)?g%:]?:&%{gtzég@p%% i %f} at %tg gn:[oﬁg'oi urface
of the vibratin nbr ane, .however t faorc romt hat netic flux is
oral | SHE FOneaRi Feacnes Dt sulerof Capdore1 bBdbrRieg! il o
symmetrical coil positions. Accordingly, V\,h%n current is supplied .from
one entPWs axeomnested fogeiiiadnetenies gatheahayeprdea:  speaker unit to the

.-.other end, the current flows in the sane direction in adjacent coil

)port i ons ofhadjbverntokoROsto whidvibe plureliguel pemanent MERZACEHAre adj acent
portions of adjacent coils is affected by unidirectional force from
fixed, and the spacer 16 to which is fixed the vibrating membrane 26 on

which are disposed the plurality of coils, are assembled together by the
peripheral edges thereof being supported by an unillustrated supporting
member to form a flat speaker unit.

Because the coils have been disposed in the above described way on
the vibrating membrane which is positioned so as to be adjacent to and
parallel with the magnetic pole faces of the permanent magnets, the
magnetic flux interlinks in a direction along the surface of the vibrating
membrane in adjacent portions of each coil. Magnetic flux also interlinks in
a direction perpendicular to the surface of the vibrating membrane, however,
the force from that magnetic flux is small and is cancelled out because it
acts in opposite directions in symmetrical coil positions. Accordingly, when
current is supplied from one end of a coil group connected in series in a flat
speaker unit to the other end, the current flows in the same direction in
adjacent coil portions of adjacent coils. Maoreover, the current flowing in the

adjacent portions of adjacent coils is affected by unidirectional force from
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50 2003 the magnetic field in a. direction perpendicular to the surface of
the vibrating nenbrane. The result of this is that the vibrating nmenbrane
is hardly affected at all by force in a direction al ong thelsul¥=r@003 the
vi brating menbrane and vibrates in a direction orthogonal to the surface
menbrane. Therefore, noise conponents can be greatly reduced and the sound

quality= inprqoved., Furthernore, in th ove enbodi.nent . .because. t he coil
o1 Bc et ARt G 0 g Tior py heciibr BB (D PE SRR EE BO el PIEE or an ¢
coated portion vibrates as an integral unit. Therefore, there _is no

di st or megnbrare.t Hee sevald afidinintlypt e whrating pemebiyat is Berebler, in the

present enbodi nent, because a plurality o permanent magnets are di sposed in
t he | oaff¢ctedi atahll diyr focte on aoflirectioneadvngndle parfanaghdéhs vibeatdhg, in the row
direction of the present enbodinent, and a plurality of coils are disposed

on t hemeéntbrind@ndrEbbs@RENAA diesitiorossthegbhas petHe Rgirfacd hembraasent
magnets, the conbined Iength of the outer edge portions of the plurality

of perfRORRbre, RIS SohORNE st I‘Bﬁg%ﬁeaw RadePhinln® odthend eflaasyof the

bar magnets, so that the overall length of the coil portions 1nteflinking
with t. etdl LS:; : S sed. The
resulHQ®QH$%¥%&$§TP%é#érét%%%§$g&°&??ﬁ“§?§ﬁngﬁ%Iuraqﬁ%yﬂ%#g?%ms of bar
magnets are provided, it is ssible.to inprove t.he pro tion of.the

U f acDaEP R PR ot g TiRs R RE P AR CR SrEamy cPRE b X amisingi ng
each magnet. It.is also possible tg increase the g{feqtive magneti c fl ux
conparRted RATEIORY Yibratsy as &0 indegead put. Therglopps s Fil’ﬁot%é%nt he
efficiency of converting an electrical signal to a sound signal and the

sound igudle sgurd @ikt & ghovelgmeganhles gbteltbecause a conbi nati on of

different triangular and _
Moreover, in the present embodiment, because a plurality of

permanent magnets are disposed in the longitudinal direction of
conventional bar magnets, namely, in the row direction of the present
embodiment, and a plurality of coils are disposed on the vibrating
membrane at positions corresponding to the permanent magnets, the
combined length of the outer edge portions of the phirality of permanent
magnets is longer than the length of the outer edges of the bar magnets, so
that the overall length of the coil portions interlinking with the magnetic
flux is longer than when bar magnets are used. The result of this is that,
compared with when a plurality of rows of bar magnets are provided, it is
possible to improve the proportion of the surface area of the vibrating
membrane occupied by the coils surrounding each magnet. It is also
possible to increase the effective magnetic flux compared to the prior art. As
a result, it is possible to improve the efficiency of converting an electrical
signal to a sound signal and the sound quality can be improved.

Furthermore, because a combination of different triangular and
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"51 11 DEC 2003 quadrangul ar shaped pernmanent magnets and coils are used
for the permanent magnets and coils, the speaker can be formeﬁ; f@@ﬁg
different fromthose of conventional speakers. (Second enbodi n{g

second enbodi nent of the present invention will now be described wth
reference made to Fig. 11. The acoustic conversion device according to the
second emhodi nent i.s formed froma magnetic mat.erial and is provided wth
a yokqugBE%ﬂ%PPf’sri TRABFY BEFRRRET th mpeReLs EHQp%‘H?%%BPearfOF fBeout er

peri pheral portions of which arc punched a plurality of holes 20A. Magnet.
fi xi ngpporansns magnpiscandceils; tbe speakencen hadpensddpeshapsied in the area
of the yoke 20 surrounded by the holes 20A. Flat, quadrangul ar permanent
magnet diffarefit frdro th®8eafedriveadidraltdpeakergnet fi xi ng portions with an
adhesive with the side surfaces of each nmagnet in contact with the

adj acegechadnameiidimeeipt s with no gaps between. each nagnet such that the
upward faci ng magnetic pole faces of adjacent permanent magnets have

alternat i ngnpakashictibodfHiERY of BE BROGI FROARIH Will nGWBElcaciey | = 1
or 3, then ) =1, 3, 5, or 7 and when i =2, then|] =2 6, or 8) are

, 4,
fixed dvﬂhg#eg&eeﬁc%cltﬁat%} 0] l?%ﬁlslarr%f}}é/ %SEHQHS tc'o gﬁpéiggfﬁge %Bgéﬁéeﬂﬁl%’ t%(;e > 4

upwar ds, permanen erern

6, or and when i, =,..2, thenj = r 7) are fi.xed in.place.such that N

o1 o 1 S M Bl i Tobmen ShnT b BhEnbhE S0ateuRl A5G i PR N ent
magnets, may al so be fixed in place with the S an arities thereof

N I
r ever SEHNR YPBEAY REMRIADIE R roptang RE @é%f@dslaﬂp?ﬁén?g&%’dpf%@e%m he yoke

20
peripheral portions of which are punched a plurality of holes 20A. Magnet

fixing portions to which are fixed permanent magnets are formed in the area
of the yoke 20 surrounded by the holes 20A.
Flat, quadrangular permanena-: magnets m11 to m38 are fixed to the
-magnet fixing portions with-an adhesive with fhe side surfaces of each
magnet in contact with the adjacent permanent magnets with no gaps
between each magnet such that the upward facing magnetic pole faces of
adjacent permanent magnets have alternating polarities. Namely,
permanent magnets mij (wherein wheni=1or 3, thenj=1, 3,5, or 7 and
wheni= 2, then j = 2, 4, 6, or 8) are fixed in place such that S polarity
magnetic pole faces thereof face upwards, and permanent magnets mij
(wherein wheni=1or 3, thenj=2,4,6, or 8 and wheni=2,thenj=1, 3,
5, or 7) are fixed in place such that N polarity magnetic pole faces thereof
face upwards. Note that the permanent magnets may also be fixed in place
with the S and N polarities thereof reversed.
A vibrating membrane 26 is disposed on the top surface of the yoke 20

so as to be adjacent to and parallel with the magnetic pole faces of the
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so as to be adjacent to and parallel with the magnetic pole faces of the |
DEC 2003 permanent magnets and, consequently, the top surface qoff $$§nz{mlge
As in the first enbodinent, the vibrating nenbrane 26 is forned a
high polymer filmor the |ike such as polyimde, polyethylene
terephthalate, or the like. A rectangular coil placenent portion on which
coils are placed and whose hardness has, been increast t hrough a coating
of cer REFEERENtINGENGED angl, CRESEARERHY, B¢ tppswfaghet the afaﬁpnésrf@nbr ane
26. Accordingly, the hardness of the area surrounding the coil placenent
por t i oth¢ firsesmbddimenthaheafibraténg shempirane@is fomeddromhe higgr ating
menbrane 26 is fixed to a frame 24 by fixing the entire peripheral edge

porti opslyahet fignvbPtiaé ik s bansolgtmidy, giolhattsylant aestphidedats «f
hardness to the frame 24. The size of the opening of the frane 24 is a

size sihghiiky Al %&Qﬁ%ﬂﬁ%&l E,ig&ﬂléﬁgggi l@H%!h mi@@pbﬂisrml laebdtdied

per manent nagnets fiXed to the yoke. pairs Li to L38, each

OO e A AR DS AR i BRERF Tnfflhin? o ARAALOF ORI D MOt and

rear surfaces o e co | 'acene S on the coil

pl acement .port.ion of the.vibr.ati menbr ane 26 at oshiiQns correspondi ng
to eacﬂr%‘flgFﬁénptg?%%qﬁlﬁﬁ gflsor}%hﬁ% aﬂﬁ‘g.meg&yﬁp eo?{S. %&FPI” 1flg%tr’o L38 is
helically wound in_substantially %ihe ane shape as the,outei edges of each
of t hetlyehardesss phleased guIroMRGingde ¢ B&%ﬁr{len‘é%ﬁtl%ﬂ% G U t i oned
in an area on the vibrating nmenbrane such that the outer periphery of the

coi | i nthgtneindiecol dacement portigmer y- of the spirally coiled wiring)
substantially nmatches a position corresponding to the outer edge: of the
magnet i ¢ pbhe vilacding/mmembranet2fe it fixkd tara frpone tAbhydisonghthehentire he out er
peri pheral portions of each coil do not overl ap. ‘
peripheral edge portions of the vibrating membrane 26 which have a lower
degree of hardness to the frame 24. The size of the opening of the frame 24
is a size slightly larger than a size large enough to contain all of the
permanent magnets fixed to the yoke.
Coil pairs L11 to L38, each comprising a pair of helically shaped coils
~ positioned on both front and rear surfaces of the coil placement portion, are
| c.iisposed on the coil placement portion of the vibrating membrane 26 at
positions corresponding to each of the permanent magnets m11 to m38.
Each coil pair L11 to L38 is helically wound in substantially the same shape
as the outer edges of each of the permanent magnets m11 to m38. Moreover,
each coil is positioned in an area on thé vibrating membrane such that the
outer periphery of the coiling (namely, the outer periphery of the spirally
coiled wiring) substantially matches a position corresponding to the outer
edge of the magnetic pole face. Moreover, the coils are positioned such that

the outer peripheral portions of each coil do not overlap.

In the same way as in the first embodiment, this type of coil can be
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In the same way as in the first enbodinent, this type of coil can be 53
formed by press adhering or bonding a thin copper filmon the coil

pl acenent portion of the vibrating menbrane 26 and etching the thin’ ddpper
filmso that the planar surface thereof is formed in a coil shape. Each
coil is then covered with an insulating material. A pliable material 22
which is nmade froma soft, material .k such ,as non- woven fabric, sponge, glass
wool , {PEPEANY PHEH %ﬁihtnﬁ@aquléomélngq@éhﬁ)%@@p%\@ﬁweeﬁ t?lﬁeCQﬂil brating
menbrane 26 and the plurality of nmagnetic pole faces in order to prevent

t he coiplacdisent portaghyf thetwbranngonemibiamehd6 maghetdtunggdicetfizaces by t he
vi bration of the vibrating diaphragm In the sane way as the yoke 20, a

magnet coppbi Glith stettherth2Slhanmairfddothaeohgieriredin £ coill shapailbpadsed at
the top surface of the vibrating nenbrane 26. The magnetic shield nmenber

28 is teINBdnEhAUBRrEQGHANGH Risulbb@ienitaggd menber in which a plurality
of holes 28A (in the present enbodinment 4 x 9 = 36 holes) are punched in a

matrix pat g\e%@a%loéisrpﬁh?%lu%g vli%h MmAPHBERE St GRhterd] hlh BEasehL

enbodi nent are tornmed by connecting a plurality
(four &p thg.%resent enbgpinent oftgheeﬁoil gai%glgé;.to_é§80tq?ether in
seri es VOYRBJEPLY: SPORIESUBASE WOPYy WS ARAREISARL F &8 ¢ Belh BT RO% e  al 1el . A
description of the cojl w nding directions and connections, of .the coi
r oupsbECT g V%ﬂ%tl%weﬁgb@%ﬁ%% the pLRERIEY HlaBeeps e RpIe 13 Rot o
that,  the description given belowis for _coil pairs which are connected to
each ¥t peder tp peevesy Hieocailebai)sm bepught inteceowiaes with theemagmsiticudi nal
direction of the vibrating nenbrane, and because the w nding direction and
connecpédlenfaces hpathe ethiratianeof thee ydmating degdmiagnion of the w nding
di rections and connections of other coil pairs is omtted. Mreover, the
coi l In the same way as the yoke 20, a magnetic shield member 28 formed

from a magnetic material is disposed at the top surface of the vibrating

membrane 26. The magnetic shield member 28 is formed from a rectangular

plate-shaped member in which a plurality of holes 28A (in the present

embodiment 4 x 9 = 36 holes) are punched in a matrix pattern.

As shown in Fig. 12, a plurality (six in the present embodiment) of coil

groups G1 to G6 are formed by connecting a plurality (four in the present

embodiment) of the coil pairs L11 to L38 together in series. These coil

groups G1 to G6 are connected together in parallel.

A description of the coil winding directions and connections of the coil

groups G1 to G6 will now be given with reference made to Fig. 13. Note that,

the description given below is for coil pairs which are connected to each

other in series and are adjacent to each other in the longitudinal direction of

the vibrating membrane, and because the winding direction and

connections of each coil are the same, a description of the winding

directions and connections of other coil pairs is omitted. Moreover, the coil
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54 DEC 2003 of one coil pair which is positioned on the front surface of
the coil placement portion (and ~which corresponds to the figsg @p¢ll@$

t hose aspects of the invention in which coils | to 4 are used) i§” eg red
to as LAI., while the coil which is positioned on the. rear surface of the
coil placenent. portion (and which corresponds to the second coil of those
aspects of the invention 11-1 which coils | to 4 are used) (s referred to
as LB of ompeoilgpair srhichdsqasstionsd on Hg rophiseiiace olidia sHhBESHIERSE front
surface of the coil placenent portion (and which corresponds to the third
coi | oportiondandpehich obriesgonneciot ihonfirst cathptthest hspectsoottlag e used) is
referred to as LA2, while the coil which is positioned on the rear surface

of t heirp@idtidth &6 &¥iEich @ald 106 4 and udedy s refetrabpoad LAD whélefthe thilcoi | of
t hose aspects of the invention in whic coils | to 4 are -used) is

referrghitR iéﬁgds%né@fo% NS Pednglirakt dfrt%_ev\éd]ﬂ?[kg:erﬂéﬁ_ﬁ biaps @hd he coils

are those seen when viewed fromthe rear side of the vibrating nenbrane.
Coi | ] f - DEF | pnt.ernal.: i phery
ther et b s BT € e SELRATaPPY RIS do s HS SRR AP PO

peri phe to the extewnal i phery thereof, d cl ockwi se dj;rectj.on. Coil
LB2 i¥ r?&’ﬂfsr]oﬁ? ﬂh%r%}éﬁgg):]%ﬁpreg‘éﬁeﬁlhgjr 95@{'%@“? ﬁf)gr#aﬁ%ep% Pne @ t her eof
in an anticlockwi se direction. Coil L IS und frqm the internal

eri : ,

per i pheay, whirh repesitianggd opdheskeny Sqr%@fe%}rﬂﬁ?%caﬁ Pjﬁt:?%ﬂe&&mrwn
direction. According Y the wi nding direction of coils which are di sposed on
one sufarstwhi¢h esresgiands tpthe shisdtcoibef these aspests of dins inyEmigN 18 rom t he

- nternal periphery to the outer periphery (or fromthe outer periphery to
dhe | nwhiclpeoilphiety #, are used) is referred to as LA2, while the coil which is

positioned on the rear surface of the coil placement portion (and which
corresponds to the fourth coil of those aspects of the invention in which
coils 1 to 4 are used) is referred to as LB2. Note also that all the winding
directions of the coils are those seen when viewed from the rear side of the
vibrating membrane.

Coil LA1 is wound from the external periphery to the internal periphery
thereof in a clockwise direction. Coil LB1 is wound from the internal
periphery to the external periphery thereof in a clockwise direction. Coil LB2
is wound from the external periphery to the internal periphery thereof in an
anticlockwise direction. Coil LA2 is wound from the internal periphery to
the external periphery thereof in an anticlockwise direction. Accordingly,
the winding direction of coils which are disposed on one surface of the coil
placement portion is the same, namely, from the internal periphery to the
outer periphery (or from the outer periphery to the inner periphery).

The internal peripheral end of the coil LA1 passes vertically through

the coil placement portion of the vibrating membrane 26 from the [ront
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The internal peripheral end of the coil LAl passes vertically through the
coil placenent. portion of the vibrating nenbrane 26 fromthe «Lr10 C
2003 surface to the rear surface and is connected with the innkr, ggﬂfq éﬂi@DEI
end of the coil LB 1. The external peripheral end of the coil LB 1 extends
along the rear surface of the coil placenent portion and is connected with
the outer peripheral end of the coil LB2. The internal peripheral end of
the cophriaB? toghsstearsanfacsaang is pppoghtadwitdiothe WnarapeRPheErk s 0 t he

vi brating nenbrane 26 fromthe rear surface to the front surface and is
connectleel collitB 1t Mheiaxternalgpdrpplecall centiobthe heilddB L exA@ndFrdongtibenal

peri pheral .end of the coil LA2 extends along the front surface of the coil

pl acenpsyr sRPfakk AT thalkhil pldcennact sartbrh RridRs Oshigecteer whetisd otndr of an
unillustrated adjacent coil. Note that the coils within each group of

coils Eéﬁgﬁ%ﬁ%ﬁgﬁﬁ%ftt&ee&ﬁpLﬁ%t. Hele frﬁeﬁ‘?él% SeriPherLPERH Id1GhkNGifb@oe Wi nding

di rect connect’i ons. en current I's supplied fromthe external

peripheral end of -1the coil, LAl of .the coil i I onnected to
bach obreres fedsalbthidhien g fofl pthCFmsRl nd HALSL IR SRl Cn E, L e
arrow in Fig. 13. Therefore, the_ current . flows in the sanme directjion in

t he rruﬂ%ﬂp{/a%'éljzécéﬁfn B¢ reh suriaceeidt fr]opgrﬁqr cq ﬁf‘éﬁlﬁ"a?orb%‘??tﬁﬁer y to

t he external periphery of the coils LAl and LA2 and in the same direction
i n t hewitlt the Innedpedpheraland pbbe coxtlehd he extrrna smpBerali et el pher y
to the external periphery of the coils LB 1 and LB2. Further, the w nding
di r ect ihensodfLARI patemts abirg tholpnt sunfaty of the codaplaceqmenipportionnd &,
~.the coil Goups & and G3, the coil groups &4 and Gb, and the coil groups
)G andaigh igicorfeichad with ke butbe peviptairhyend of an unillustrated adjacent

coil.

Note that the coils within each group of coils are connected to each
other in series by repeating the above winding directions and connections.

When current I is supplied from the external peripheral end of the coil
LA1 of the coil groups which are connected to each other in series, the
current I flows in the direction shown by the arrow in Fig. 13. Therefore, the
current flows in the same direction in the mutually adjacent portions
extending from the internal periphery to the external periphery of the coils
LAl and LA2 and in the same direction in the mutually adjacent portions
extending from the internal periphery to the external periphery of the coils
LB1 and LB2. |

Further, the winding directions of adjacent coil groups, namely, the
coil groups G1 and G2, the coil groups G2 and G3, the coil groups G4 and
G5, and the coil groups G5 and G6 are formed so as to be mutually
reversed.

The above described yoke 20 to which are fixed the plurality of
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reversed. The above descri bed yoke 20 to which are fixed the plur@iLt¥ﬁqf
56 pernmanent magnets, the pliable material 22, the franme 24 to which 48
fixed the vibrating nenbrane 26 provided with the plurality of coils, and
the magnetic shield nmenber 28 are assenbled as a flat speaker unit whose
peri pheral edge is supported by an unillustrated supporting nenber such
that the pliable material 22 and the frane 24 to which is fixed the

vi br at pagmamemtirmagn? s, phevplieblewinghetinb28) thalliame &4 towlsichris fixe@r posed
between the yoke 20 and the nagnetic shield nmenber 28. Fig. 14 is a

Ccross- gieeitaingy hesmbrahbed padvidpdakieh thei pluaatienbf edilsagandetos i bed above
with the pliable material omtted- Permanent nagnet nil8 is adjacent to

per mn%@ﬁhﬁgf}&e é}ejg%@e@ss%%lea L8 flat sRelkeeakittwhBge mnent

magnet e surfaces of adjacent pernmanent nagnets placed in
contact _with h_other w (e -nal aritq the to
ragne: PetiBbrest Eded OB hplb kel By HRE i S LR p BT RE, Beba sk 7 TP
same dj.rection., a resu th etic,,flux .generated from each

per mandHit éﬂfgﬁ@?éfesntﬁt%‘@k é& ??‘gﬁﬂg%pﬂnﬁo?%F?t lgﬁdﬁr@chﬂﬂb%lvé%rlﬁg%gto an S
polarity magnetic pole face and the magnetic flux in the area befween

adj acemembraamft Pravided with the pharalityiof callgiaredpnteposedrearraraiing
parallel to the vibrating nmenbrane and is at the nmaxi num above the areas
of comyeke 2bcamd chepuagantivtshiaphmembBe@&use the coil pairs L18, L28, and
L38 are disposed on the front and rear surfaces of the vibrating nmenbrane,
t he magnetkig. fllduis atbirobsisectidnnéoiew dfthe fRitrgmtalker sotistssemblddyapar al | el
to the surface of the vibrating nenbrane interlinks in each coil. Wen
cur r endedcrilsed uppive 8fithaheasliablei tnaitérial Bmittiete Peratimaiomagriething8 13,

then, as is shown in Fig. 14, the current
is adjacent to permanent magnet m28 and permanent magnet m28 is
adjacent to permanent magnet m38 with the side surfaces of adjacent

* ~permanent magnets placed in contact with-each other with no gap in

‘betiween. The polarities of the top magnetic pole faces of adjacent magnets
are different to each other in the same direction. As a result, the magnetic
flux generated from each permanent magnet is directed from an N polarity
magnetic pole face to an S polarity magnetic pole face and the magnetic flux
in the area between adjacent permanent magnets is directed in a direction
substantially parallel to the vibrating membrane and is at the maximum
above the areas of contact between permanent magnets.

Because the coil pairs L18, L28, and L38 are disposed on the front and
rear surfaces of the vibrating membrane, the magnetic flux which is
directed in a direction substantially parallel to the surface of the vibrating
membrane interlinks in each coil. When current I is supplied to each coil in

the directions shown in Fig. 13, then, as is shown in Fig. 14, the current

flows in the same direction in adjacent coil portions extending from the
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flows in the sane direction in adjacent coil portions extendiﬂg fromthe

11 DEC 2003 inner peripheries to the outer peripheries of adj: ebt cdli%.
Moreover, all of the coils are affected by a unidirectional force F acting
in a direction perpendicular to the surface of the vibrating nenbrane so
that the vibrating nenbrane is displaced in a direction perpendicular to
the surfacc of the vibrating nmenbrane. Consequently, by feeding an

el ect r iRBET PrHpRCcTiasclr Hre ptitergreriphssigsditasiBeeyenedat Meregver.cdl of t he

vi brating nenbrane vibrates in accordance with this electrical signal and
a soundhsicgialariesaffdited by abengbretatred. foigt B ddtaig in @ drgstioh3 and 14, H
indicates the direction of the magnetic flux At this tinme, as is shown in

Fig. 1pér;f3éﬂil@iclmﬂxnec§ itBe fshuitfad of fige FEGAGIHLmepAbai@es attthe bottom
surface of the permanent nagnets exits fromthe N pole, passes through the

magnet §, @?ﬁ% Wb Pad b gs Y2204 iﬁ%ddﬁéét“r‘%ﬁ dei? QndmﬁaNtBQlﬁ%- sdfIgeefore, a

magneti c havi ng a higher density can be geherated on the nagnetic pole

face o a~r | S R | ssj bl .efifi.ciently
conver P I st SR HRGRpeARengorRE bt Py relRRCAR rbdic YBhRL' <! gna
and to reduce nmagnetic flux ]IDeaka es t.o the qut ide‘PIrof. t he bottom surface.
As sholPICRCRIDE HE SPURg QP gEN grfoc2 £rilx hh VAR 3 tEa8 MRSMTEN s hi el d
menber of the magnetic pole face of the upper surface of the _permanent
magnet $ihERtessin peaekdanae pothe thiselseyical veignl and aagred signgdihahileénin the
magnetic shield menber 28, and enters into the S pole, thereis little
| eakagtd bt geagnetids Notexthat, ind'igat $3dndiid, thindisgies tkendsegctidre ofhi el ded.
Further, because a plurality of holes are punched in the nagnetic

the magnetic flux. :

At this time, as is shown in Fig. 14, the magnetic flux of the magnetic
pole face on the bottom surfacle of the permanent magnets exits from the N
pole, passes through the magnetic path within the yoke 20, and enters into
the N pole. Therefore, a magnetic flux having a higher density can be
generated on the magnetic pole face of the top surface. As a result, it is
possible to efficiently convert an electric current having a small amplitude
into a sound signal and to reduce magrietic flux leakages to the outside of
the bottom surface.

As shown in Fig. 14, because the magnetic flux which reaches the
shield member of the magnetic pole face of the upper surface of the
permanent magnets exits [rom the N pole, passes through the magnetic
path within the magnetic shield member 28, and enters into the S pole,
there is little leakage of magnetic flux to the outside and the magnetism can
be shielded.

Further, because a plurality of holes are punched in the magnetic

shield member 28, the sound signals pass through these holes and are
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shield menber 28, the sound signals pass through these holes and are out put
fromthe flat speaker unit. Note that the sound signals are alsaq. output
fromthe holes fornmed in the yoke 20. In the above descriptiéni*éﬁfé%" | e
was given of when the periphery of the vibrating nmenbrane 26 was fixed to
the frame 24, however, as is shown in Fig. 15, it is also possible to hold
the vibrating nenbrane in a frape _25. This is acconplished b% formng a

U shapeute%gwnithemfg $peaker UBlta NptRdhat heiveuyt 5ige wIs/alBRe vi brating
menbrane 26 in the U shaped groove using fabric that has been inpregnated
W t h upatpah&dmodiedioles yormhetiin thesiyake ).is shown in Fig. 16, a

peri pheral wall 20c fornmed froma nagnetic material and erected fromthe
peri pher al iedge abfovehiedeoigtion sam fexeen glebwas given b wWisate tiselpetriphidnai |y the
sane hei ght as the permanent magnets can be provided on the yoke 20 of

each egpgsh FRSYatil AerhBrotk PEURE s P86 TROSHmEBEN g Sweddte fefgmanent
magnet nB8 positioned in a corner portion shown in'Fig. 11 has two side

surfac [ oy i ' ners. |If,
U LoD S FBREE o BRSBTS ROnEh,
provi ded_at .th eri pher f.th manent nets in this it is
bossi b8t 2PniShr FhRCCHETEdiseL PY TPTRRR sgUnarabe et w s R PESa from
the N polarjty netic pole face of. _the pernmanent nef 38 towards the
peri phidp anchhpldingche peripem of e Y’Wé?%ﬂépeﬁg@%%gﬁéhﬁjg' AREG | ux
exiting fromthe N pole passes fromthe peripheral wall 20c through the
bot t ongro@VE aeeingdipbaiedthadt leas begnompeesgistiavithoirthaaei foam pgx | eakage
-wfromthe side surfaces to the outside occurs and the nagnetiser can he
)shieIGQUNéMmm:nnmn.efficiently. In the coils of the above enbodi ments, the
direct current resistance 9
As is shown in Fig. 16, a peripheral wall 20c formed from a magnetic

material and erected from the peripheral edge of the bottom surface 20b so

as to have substantially the same height as the permanent magnets can be

provided on the yoke 20 of each embodiment so as to surround the

permanent magnets. The permanent magnet m38 positioned in a corner

portion shown in Fig. 11 has two side surfaces which are not in contact with

adjacent permanent magnets. If, however, the peripheral wall 20c formed

from a magnetic material is provided at the periphery of the permanent

magnets in this way, it is possible to interlink the magnetic flux f generated

in a direction from the N polarity magnetic pole face of the permanent

magnet 38 towards the peripheral wall 20c¢ in a coil. Furthermore, lbecause

the magnetic flux exiting from the N pole passes from the peripheral wall

20c through the bottom surface 20b and enters into the S pole, no magnetic

flux leakage from the side surfaces to the outside occurs and the magnetism

can be shielded even more efficiently.

In the coils of the above embodiments, the direct current resistance
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11 DEC 2003 val ue can be set to a predeterm ned val ue by connecting coils
to each other in series or in parallel or by connecting coils to each
other in a conbination of serial and parallel connections. @ﬁ 86102883 ng

the coils freely in this way, it is possible to group voice coils together
and vibrate each group as an integrated whole. (Third Enbodi nent) The
third enbodi mnent of the present invention will now be described wth

r ef er enghigmeale beosdti tgsa predatmmigedagliis iheonneatipggoilsitp earh vgher he
acoustic conversion device according to the third enbodi nent is forned

f rom airiregries iog ingiaatallel oard cenpectingedilaitb learhyofteerda xoopbisiatpra

rect angul ar pl at e-shaped nenber in the outer peripheral portions of which

are pupci@daPaRl Weahliky c&hnbetigss 284 coMiRetnd ihd B6ilPalekipiis this whiych arc
fi xed permanent fmagnets are forned in the area of the yoke 20 surrounded

by the;hal : Sé‘i%' b LARETdd PR POLBSyiRABd O5cth RFEUP! 49 aPOSSes
for medltin% Pg)sscs?a@? tgr E)'{LPncﬁne%g (::(ﬂ tﬁleée?oﬁr cor nler S o? (t:}?]g%yot}e 28. One of a
pl ural i té of, fla b guadr angul ar pernmanent nagnets in is fixed to each of
the megHEE 3L %h%Hortions with an adhesive with the magnet side surfaces
in con(@ﬁt Wi tg t he agf' acent permanent nmagnets with no gaps between each
magnet ¥ BrpReditgntiowar d f aci ng magnetic pol e faces of adjacent
per manent magnets have alternating polarities. Nanely, a plurality of rows
of magnet sThg shirdxem bodlimeadoliehpimsenidgrentippwilhnpwebe dlessertiesh of t he
| ongi tudi nal side of the yoke 20 havi ng pernmanent magnets wth the N
pol ar i withnejeretriae melde foafst 461 agduBveksiss shownniat Frgs. id andpks ndrent
magnets having the S polarity magnetic pole face facing upwards in an
al t er nddungid ovh patsien rlemicdh aanotdiay toagrrethirdwmhodhrehbis formed

from a magnetic material and is provided with a yoke 20 comprising a

rectangular plate-shaped member in the outer peripheral portions of which

are punched a plurality of holes 20A. Magnet fixing portions to which are

fixed permanent magnets are formed in the area of the yoke 20 surrounded

by the holes 20A. Small boss insertion holes 20B for inserting bosses

formed in a case are punched in the four corners of the yoke 20.

One of a plurality of flat, quadrangular permanent magnets m is fixed

to each of the magnet fixing portions with an adhesive with the magnet side

surfaces in contact with the adjacent permanent magnets with no gaps

between each magnet such that the upward facing magnetic pole faces of

adjacent permanent magnets have alternating polarities. Namely, a

plurality of rows of magnets are fixed in place with one magnet row in the

direction of the longitudinal side of the yoke 20 having permanent magnets

with the N polarity magnetic pole face facing upwards alternating with

permanent magnets having the S polarity magnetic pole face facing

upwards in an alternating row pattern with another magnet row in the
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direction of the transverse side of the yoke 20 havi ng permanent nmagnets
with the N polarity magnetic pole face facing upwards alternating wth
pernmanent magnets having the S polarity magnetic pole face faci ngis upwéﬁ
Not e that each pernmanent magnet. nay al so be fixed in place with the above
S and N polarities reversed. A vibrating nenbrane 26 is disposed on the top
surface of the %/oke 20 so as to be parallel with the nagnetic pole faces

of t he diEaci@ieh thmgﬁa@ermald%%%ﬁekﬂ%ﬁ) heNmng BprEgrrcatdnseiet? yoke.
The vibrating nenbrane 26 is provided with a coil placenent portion 12 on

whi ch oath shame ppladdmagnetar poleafacatfoautarapwardist alberriating wikh ch
termnals are attached, and connecting portions 18A, 18B, and 18C for

conn_ect;jemﬁuaidaaeltqghgn@t@ﬁamg thdP8r polamitydneehBtichsolt daoe fatingt t achment
portion 14. The vibrating nenbrane 26 I1s formed froma high polyner film

or t hedtﬁvk&d%uwbt@%ha%hxhrgé}%mpahafﬁ{a@ﬂ&%ay%g@ ehtk et e [p%cé kathi ke. A

plurality of coil pairs each conpr|5|ng a pair of helically shaped

coils Eﬂg%}% %jaﬁg @%&a{_qﬁgtre% fﬁ surfaces of the coil placenent

portio |spose he c6i acerrent portion 12 of the vibrating
nmenbr ane 26 a 05|t|on corr ondi ng t,0 e h of th ent nets m
As was sho f”ﬁg %m‘i’@] héﬁgfia djo I? Bﬁosqrﬁag %gf)kga%gﬁe and

i n appr oxi rrately the sane shape as the ou er gg@_@rof the maqpetl C gol e

faces 8P asdenbeiparaliehwithaHemmagnftid poltlaogsy pegRapeasmagget
positioned in an area on the vibrating nmenbrane such that the outer

peri phendesonseqhentyi tle teprsurfascofitdc yelke phee veerading REBSIRBE AP ri ng)
substantially match positions corresponding to the outer edges of the
)magnet icppotided aviels .a dbil gdaermens postiohoh® amwhigh cbifls ateeplansid, €2 ar e

positioned such that the outer

terminal attachment portion 14 to which terminals are attached, and

connecting portions 18A, 18B, and 18C for connecting the coil placement

portion 12 with the terminal attachment portion 14. The vibrating

membrane 26 is formed from a high polymer film or the like such as

polyimide, polyethylene terephthalate, or the like.

A plurality of coil pairs L, each comprising a pair of helically shaped
coils positioned on both front and rear surfaces of the coil placement
portion, are disposed on the coil placement portion 12 of the vibrating
membrane 26 at positions corresponding to each of the permanent magnets
m. As was shown in Fig. 10, each coil pair L is wound in a helical shape and
in approximately the same shape as the outer edges of the magnetic pole
faces of each of the permanent magnets m. Moreover, each coil is positioned
in an area on the vibrating membrane such that the outer peripheries of the
coils (namely, the outer peripheries of the coiled wiring) substantially match

positions corresponding to the outer edges of the magnetic pole faces.

Moreover, as is shown in Fig. 17, the coils are positioned such that the outer
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61 11 DEC 2003 peripheral portions of each coil (nanely, the outer

peri pheries of the coiled wiring) do not overlap. As is shovm%&;n Fig. 19, a
plurality (nine in the present enbodi ment coil groups GL to B RUﬁBrred
by connecting a plurality (four in the present enbodi nent) of the coil
pairs L together in series. These coil groups G to 3 are connected
together in parallel in _the sane way as the coil groups shown |n Fig. 12.
Not e tﬁarlph%alcamtlwwf ﬁgcmq%ur}%ﬁgl}aﬁbe QSRR 185 Of Hae C6f Iedgr oups G
1 to & are the sane as those shown in Fig. 13 and a description thereof

i s onm wisdghdpenotNotegrlagb.so that the coil wi nding directions of adjacent

coil groups, nanely, the coil groups G and &, the coil groups & and G3,

the coi |l gAeupshodrand Fek, 10he slairkligr aupe i65tHangrestnt dmbeAimehe) obi |
groups G7 and G, and the coil groups &8 and & are formed so ID as to be

mut ual Lyj) gﬁ-‘efﬁfﬁ gth tdtfo &0k 'fénﬂtedtwésnﬁeb{mgaa bufAityQeothoiese by

depositin hi n copper | mon the coil placenent portion 12 of the
br at t f I
oo TR A8, o B e SRS Wl e ) ane
i t | h t 1t t 16A..and
egat; 4 el # Sarie %ﬁeéctp.ggéaerr 7 Brsend e égﬁ}eeﬁé?eaﬂ%a %ap bet ween
each to the term nal _attachnent portion 14 of the vibrati ng menbr ane 26.
e

The pd&ioMiRfEsheVR; Hal1g: 6l NoteoHialcthsgcoil indipe Wirediodted on top of

t he connecting portions | 8B and | SC to one end of a coil group that is
conneceastnéqtiqns ef the coitigronpg st | vie GReAe the samBas those shown in Fig,

13 and a description thereof is omitted here. Note also that the coil winding
directions of adjacent coil groups, namely, the coil groups G1 and G2, the
coil groups G2 and G3, the coil groups G4 and G5, the coil groups G5 and
G6, the coil groups G7 and G8, and the coil groups G8 and G9 are formed so
as to be mutually reversed.

The coils of these coil pairs can be formed by depositing a thin copper
film on the coil placement portion 12 of the vibrating membrane 26 and
etching the thin copper film so that thé planar surface thereof is formed in a
coil shape. Each coil is then covered with an insulating material such as
resist.

A positive terminal 16A and a negative terminal 16B are fixed in place
with a predetermined gap between each to the terminal attachment portion
14 of the vibrating membrane 26. The positive terminal 16A 1s connected via
two wires provided on top of the connecting portions 18B and 18C to one
end of a coil group that is connected in parallel. The negative terminal 16B
is connected via two wires provided on top of the connecting portions 18B

and 18A to the other end of the coil group that is connected in parallel.

62



)

is connected via two wires Provided on top of the connecting portions. 1813
and 18A to the other end of the coil group that is connected i-n par a,rl.deel. I
Because the positive term nal and negative ternmi nal are each’ donhect’®d in
this way to a coil group via two wires, even if the wiring on the top of
the connecting portions 18A and 18C is cut, current can still be supplied
to the coil group via the wiring on the connecting portion 188 .
ConseqiRasaupse thieposisvedersnaal aadiregative tesmingd af P SACHHARRECESnibe

i nproved. Further, as is showmn in Fig. 18, a resin case 30 is provided for
housi nghig wayciw 4 cgilogrosipavich tvie wiida, atvieng [ thebviaireg 26. thEheasehao s
formed wwth a U shaped cross section, inside which is provided housing

space, chyinetahg pertiortot 8anmsdnBar s OB curfenbtah saflebpunglidttdtptiveal ity
of through holes 30A, and a peripheral wall 30C erected fromthe

peri ph%&f}'%r%q)eﬁaoﬁhe an%ﬁl fie %Hﬁheeangg}%rtﬁgﬁsg.@&@@ém}mﬂqé n each

corner o he® peri pheral “wa 30C. The pl acenent. portion 12 of the

vi br at éﬁ?réﬁ,ﬁ%ﬁp&i%ﬁ oWllu.l: 5@2 Sptggﬁgfi%%‘%ﬂ gégu pgrg%g_ sandw ched from both

the fr rear surrace Si Ing nenbers 10A and 10B
made from | yest er non- woven bric..Accordingl t he, coi | acenent
Torti on 1o PREhd Sl TR IR Bl B Briesin Eane By Bt widf 1ot heBslrgm e 1o
and | OB so as to be hgused_ w thin the housing space insjde the case 30.

The yolee goll@ronmscand kBe vpleraing Membgabe 2o r Bhe Fage S&is hemet¥ath o ¢l ose
of f the housing space fromthe peripheral wall 30C side of the case 30. By

t hen i adérdhanpd hrossheaten,3opidawhichds arevidasbhevspomsprcenbyYyoke 20 and
wel di ng those portions of the bosses 30D protruding fromthe snmall hol es
20B, tfornhingt a speakesurdhoev3OB) ifi whiddDars passdivd aglusalithokthiought he
termnal attachnment portion 14 of the vibrating nmenbrane is sandw ched in
a st atBoles 30A, and a peripheral wall 30C erected from the peripheral edges of

the bottom surface 30B. Bosses 30D are formed in each corner of the

peripheral wall 30C.

The coil placement portion 12 of the vibrating membrane 26 as well as

the coil groups are sandwiched from both the front and rear surface sides

by pliable supporting members 10A and 10B made from a polyester non-

woven fabric. Accordingly, the coil placement portion 12 and the coil groups

are enveloped by the supporting members 10A and 10B so as to be housed

within the housing space inside the case 30. The yoke 20 on which the

permanent magnets are fixed is then used to close off the housing space

from the peripheral wall 30C side of the case 30. By then inserting the

bosses 30D into the small holes 20B of the yoke 20 and welding those

portions of the bosses 30D protruding from the small holes 20B, the flat

speaker shown in Fig. 20 is assembled. At this time, the terminal

attachment portion 14 of the vibrating membrane is sandwiched in a state

of being press-adhered between the supporting members 10A and 10B
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of being press-adhered between the supporting nenbers 10A and 10B 6: 11

DEC 2003 when the case 30 and the yoke 20 are assenbl ed togetfgr and are

| eft exposed fromthe case 30 so that they can be connected: 8t ¢h23

source The result of this is that, as is shown in Fig. 20, the coil

pl acement. portion 12 of the vibrating nmenbrane 26 can vi brate together

with the coil groups and, noreover, the coi] placenent porti]g:?)E 12 of the

vi br at PRED Hsbran s ent dgetrrire aPareransesebledgiaggiachrBOsasplsit ed wi t hin

the housing space inside the case without being in contact with the
i nt er nexposagd frace tbe ddse 3@ se. thatdheysagebticomaicotedwost signalidaatrcgpeaker
unit assenbled in the above way with the supporting nmenbers omtted is the

sane as thahe shoutt oitHisds thad,. ad\if shewh perFimEnht thegoiktdace@eatposi ti oned
such that their side surfaces are in contact with the adjacent pernanent

magnet soMidAD 1Mok vl aBRN nidRLPRYE ©EScaMRiSRME togE e V@Y f%: tadi N9
magnetic pole faces of adjacent nagnets have alternating polarities facing

the s i i r - ic fl r :from each

por manBa s et AorcobBE! BIPEGH di b BAR Hrfioh k2 ARREALFAREDT PO s
pol ari t net | ol e face. ..The netic flux in the areas,between

el acerErineR: Breiher Bt g ol MRt sGrie SipbRreb e PR ) par a1 e
to the surface of the vibrating .penbrane and is at the Xi mumin the

ar eas BRYSBESRRISHIRIAE t vithgathedne dp, ¢Oryéuqt§m£hftg§ﬂ€ae‘f'%lm coils

provi ded on both the front and rear surfaces are di sposed on the coil

pl acenatitfagp ef the ceSet he vibrating nenbrane, magnetic flux in a direction

substantially parallel to the surface )
A cross-sectional view of the flat speaker unit assembled in the above

way with the supporting members omitted is the same as that shown in Fig.
14. Adjacent permanent magnets m are positioned such that their side
surfaces are in contact with the adjacent permanent magnets with no gap
between the magnets. Moreover, the upwards facing magnetic pole faces of
adjacent magnets have alternating polarities facing the same direction.
Therefore, the magnetic flux generated from each permanent magnet travels
from the N polarity magnetic pole face to the S polarity magnetic pole face.
The magnetic flux in the areas between adjacent permanent magnets
travels in a direction substantially parallel to the surface of the vibrating
membrane and is at the maximum in the areas between permanent
magnets.

Because coil pairs L formed from coils provided on both the front and
rear surfaces are disposed on the coil placement portion of the vibrating
membrane, magnetic flux in a direction substantially parallel to the surface
of the vibrating membrane interlinks in each coil. When current [ is

supplied to the coils in the direction shown in Fig. 13, then, as is shown in
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of the vibrating nmenbrane interlinks in each coil. Wen current | is
supplied to the coils in the direction shown in Fig. 13, then, as;is-shouwn
in 64 Fig. 14 as well, the current slows in the sane direction i'n adj‘acent
coil portions extending frominner peripheries to the outer peripheries of
adj acent coils and all the coils are affected by a unidirectional force F
acting_.in a direction perpendicular to the nenbrane suyface of, the

vi br at Figy 19@sovahethasusredsiipws inHie samgrdingclaon 1n@slineet §pllaced in a
direction perpendicular to the nenbrane surface. Accordingly, when an

el ect r poatioss gxatndisyy feentinngr peeipwrins totlhe outenpeapbdnes alupplied to a
coil, the coil placenent portion of the vibrating nenbrane vibrates in

accor dadf-eMttdoilshisd sillothal cdibgeatdaffeviddby heuswlitectenadllfong: B saimg si gnal
to be generated. At this time, the peripheral edge of the coil placenent

por ti oty af qirB&idh ﬁfe%?ieﬁaiéiﬁﬁ*i”té%ei Hedgbidle 8arfackdTahenfbratigrefore it is
possible to vibrate the entire coil placenent portion thus inproving the

VDT B AU Atk Y BB O RARE 06 FUELBSR P frecBlort P15 L1 e
the bottom surface, si de’of he permanent rmagnets exits fromthe N poles,
passesP&l G gmatlil%nﬂ) TRRS Y& '#te yoke 20, and enters into the S

pol es. Thereforg, because it 1@5 p,oslsi ble to generate nmagnetjc flux of a
hi gher dendfegrdinsiheviei et Fiechgral Pl Tepresr@ting pas s ke bgi de, an
electric signal of a small anplitude can be efficiently converted into a
sound gsngratedng sugaliagete afcathdhetcoil placemerhpotieridddhsfvibraénBot t om
surface side can be reduced. Mreover, because a plurality of holes 30A are
puncheghenmbtdres bidiraces is actacdago8with tthis sizme] togethegumdhsibgnedid ar e
output fromthe front surface of the flat speakers via these holes.

enabling a sound signal to be generated. At this time, the peripheral edge of

the coil placement portion of the vibrating membrane is acting as a free end,

therefore it is possible to vibrate the entire coil placement portion thus

improving the vibration efficiency of the vibrating membrane.

Furthermore, at this time, as is shown in Fig. 14, the magnetic flux at

the magnetic pole faces on the bottom surface side of the permanent

magnets exits from the N poles, passes along a magnetic path inside the

yvoke 20, and enters into the S poles. Therefore, because it is possible to

generate magnetic flux of a higher density at the magnetic pole faces of the

upper surface side, an electric signal of a small amplitude can be efficiently

converted into a sound signal and leakages of magnet flux to the outside of

the bottom surface side can be reduced.

Moreover, because a plurality of holes 30A are punched in the bottom
surface 30B of the case, the sound signals are output from the front surface

of the flat speakers via these holes.

(Fourth embodiment)
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(Fourth enbodi nent) 65 DEC ' 7003 The fourth enbodi nent of the present
invention wll now be described wth reference made to Fig. 2 1. In this
enbodi ment, a permanent magnet rn group conprising a pl uraIitij(EfC 0
per manent magnets in, as in the third enbodi nent, is disposed ona ga%%i C
supporting nmenber 40 nade froma. flexible material. The entire permanent

magnet m group. i s..then cavered ith a fixing cloth.42, and the pernmanent
Tgnet m olBEoREt FRBsdiinot B PefsqrianvEniol Sibeort PR 40 by
sewi ng together the portions of the fabric supporting nmenber 40 and the

fi xi ngvaHbreleronenmaAhtal e biintthds cpaboginaent, PappieRaRcHt SURSNEL T br at i ng
menbrane 26, on which are placed coil groups the sane as in the third
enmbodi gemip cosnpliisigs e plonalitypofopetrhenpet maagnetsmag mst imtlye dhijrdand

envel oped by the supporting nmenbers 10A and 10B. The vibrating nmenbrane

whi ch emieigieanets bByspdyedsep pofdtirig suppabeng mendmwiet@dnade Hremf abri c
cover 44. The fabric cover 44 and the fabric supporting nenber 40 are sewn

t oget hgexad iR reAl Thel AReEePRErmBAEht FRaghet NE gV P 34 kRSN RIVRIede and the
coils are envel oped and supported inside a fabric case in such a manner

arc aplit 8 oy e SFETERS 2l tht fRrfHondlf gt e JRp T BE R ol 1 <
surt actl 1 R EaGe PO nnermenedend Whbourhe fede Bheordionie! IS b
Por | oI REPPOFHAR TAB LA HI PR LTe AR EIOtL2 08 PRth SHIFS RESHer manent
magnets are
permanent magnet m group.
A vibrating membrane 26, on which are placed coil groups the same as
in the third embodiment, is disposed on top of the permanent magnet m
group and enveloped by the supporting members 10A and 10B.
The vibrating membrane which is enveloped by the supporting
members is covered with a fabric cover 44. The fabric cover 44 and the
fabric supporting member 40 are sewn together and the coil placement’
portion of the vibrating membrane and the coils are enveloped and
supported inside a fabric case in such a manner that the coil placement
portion of the vibrating membrane and the coils are able to vibrate and
without the coil placement portion of the vibrating membrane and the coils
coming into contact with the inner surface of the case.
In the present embodiment, a sound signal can be generated in the
same way as in the third embodiment. However, because all portions other
than the vibrating membrane, the coils, and the permanent magnets are

made from fabric, the speaker has great pliability and can be housed inside

clothing or inside shoulder pads or the like. Further, the flat speaker or the
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made fromfabric, the speaker has great pliability and can he housed inside
clothing or inside shoulder pads or the like. Further, the flat fqeafsyzgm
the 66 11 DEC 2003 fl at speaker unit can be disposed in the pockets™ 0
clothes, at portions of clothes corresponding to bones such as a

col | arbone, at the front surfaces of clothes, or at the reverse surfaces
of clothes, so as to be wearable. Further, by king the fl at. sQeaker or
the fl datspeaker wnt candag abiROSeH! iHothe PPERE LT Plrlothrs 1t PATHSDE®ldue to
the action of the vibrations generated at the tinme the vibrating nenbrane
i s vi behitbds andredypondingtie haateisanadf as hecollrrdposic, sithe drantheufacaamént
magnets. In each of the above enbodi nents, exanples were described of when

coi | paictBevweseapkheedverscasivifacas bhglotheby snes thobewerarable.i Busllsw,
possible to use coils provided on one surface only of the vibrating

menbr apg -mam%@{@rﬂat@f)é&lﬁ%r ¥R BAbest Rt SnitewaaRASIE, Wes&d descri bed of

when helically shaped coils were fixed on the vibrating nenbrane, however,

I nst eagkeﬁlét% %QH Be, g’h rb?%@hﬁ% @0@% Q&ﬁmg QFYRE \Eigfi't‘?énég) @@ngg%a&d%w ality

conducting W res 0 ose portions of the vibratin rane which
correspond to_areas hetween pernmanent et s, Not hat .. ..in of the
above @?Fog&i‘%ﬁ? J10L F%grﬂ&é?ge d%%’b‘tﬁr%gg ang C\ﬂ?eﬁo éléecébgfmt ﬁgﬁg%r nmanent
magnets was positioned in contact with other permanent. nagnets, however,
it s Wagnehisaiien the BeEPARSRt &aR&CSer manent magnet. a siight distance
from ot her permanent magnets. \Wen flat, square magnets are used, it is
pr ef er abl €n ¢aechof §he akawmeenbedyments; examplesiicse dessrdisst ksl y one
)third of the permanent magnet width. It is also possible to use a
/combi nextil painsfwper plaret onsgvidirs tingg misnabeana howeewn i alsot pessibignet s

and permanent nmagnets which are a snall

to use coils provided on one surface only of the vibrating membrane.

Moreover, in the above embodiments, examples were described of when

helically shaped coils were fixed on the vibrating membrane, however,

instead of the coils, it is also possible to use either one or a plurality of

conducting wires fixed to those portions of the vibrating membrane which

correspond to areas between permanent magnets.

Note that, in each of the above embodiments, examples were described

of when each of the permanent magnets was positioned in contact with

other permanent magnets, however, it is also possible to position each

permanent magnet a slight distance from other permanent magnets. When

flat, square magnets are used, it is preferable if the gap between magnets is

not more than approximately one third of the permanent magnet width. Itis

also possible to use a combination of permanent magnets which are in

contact with other magnets and permanent magnets which are a small

distance away from other magnets.

Moreover, in each of the above embodiments, descriptions were given
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di stance away from other nagnets. Moreover, in each of the above .
enbodi nents, descriptions were given 67 | of speakers which o&tpuﬂﬂdeH@
when current is fed to a coil, however, if induction current is supplied to
a coil and a vibrating nenbrane is vibrated according to Flem ng's
right-hand | aw, the speakers can al so be used as m crophones. N ne flat,

squar e pernmanent ets of a _size ,10mm hi Dby, 10mm wi..de by 3mm.deep were
2ot ual ) SEraREE MR detle e SRt P R b il Bl ion o
yoke, as _shown in. Fig. 22A,. with no_gaps between the _permanent nagnets.
The magr@UrHOR QTaBhE PyYPBHete 3 roid ar%bﬁga@m HHaBbrangys viymtefe
magnetic pole face is 1.0 nm as shown in Fig. 22B, was neasured. Note

t hat aanegrdinigctosRieshihgie might-vasd Jhws éHe spoakers cannaigoded tispdias f ace. The
magnetic flux density in a direction parallel to the nagnetic pole face (x
di r ect ntisyoplomeen the point A and the point B on the line 1 and the
magnetic flux density in a direction perpendicular to the magnetic pole
face (Z di NegeifRit) sghifirs peWhdrtdt Slaghdts o8 J1BINEhhen highk bYenghdns i n the x
direction was zero at a position corresponding to the centéer of the

magnet | G . i ° ensity
increa{svg Q%Sﬁﬁﬁ]%&dﬁgﬁaﬁﬁﬁﬁ%l%ﬁ%téd %ﬁﬁgoﬂg%éo bt?ﬁ@\%a l?gh%%?ﬁ‘g magneti c
flux density.in the x direction s at_the X1 mam (5000 t the boundar
of  noT R e A WPRR AR MR In B 2B bbb e D o e
when t he per nanent ma ngﬁ% wer e pl aced i n.contact .witf ach other, the

| ner eaBEFATERS THAGREH d A mEEnaLinslas deRsithon, tar fifie: | Bhose EABGindar y
was remarkable_in conparison wth when the permanent_nagnets were

)posi ti Q.Igé(jr%ltt}hean@gr@ﬂc @%§ face is 1.0 mm, as shown in Fig. 22B, was

measured. Note that a magnetic shield member was placed above the

magnetic pole face. The magnetic flux density in a direction parallel to the
magnetic pole face (x direction} between the point A and the point B on the
line 1 and the magnetic flux density in a direction perpendicular to the
magnetic pole face (Z direction) are shown in Fig. 23.

The magnetic flux density in the x direction was zero at a position
corresponding to the center of the magnetic pole face and the absolute value
of the magnetic flux density increased the further from this point. The
absolute value of the magnetic flux density in the x direction was at the
maximum (5000G} at the boundary of the permanent magnet with the
adjacent permanent magnet. In particular, when the permanent magnets
were placed in contact with each other, the increase in the magnetic flux
density in the x direction at the boundary was remarkable in comparison
with when the permanent magnets were positioned with a slight gap
between them, as described below. The magnetic flux density in the z

direction was at the maximum 4000G at a position facing the region around
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bet ween them as described bel ow. The magnetic flux density in the z
direction was at the maxi num 4000G at a position facing the repiloffFay Qo
68 11 DEC 2003 the center point of the magnetic pole face of the permanent
magnet and was zero at the point A and at the boundary between conti guous
permanent. magnets. It is possible to decide the coil placenent positions
by considering nmgnetic flux djstrjbution such as that descri bed above.
When a t66igentsr pgasl of BiremaghatirePagdace of the pergadisitynarpat éﬁléﬁwaisn Fi g.
23, it is possible to place the coils on the area of the slanting |line at
whi ch zemagridhiecpdinglAdaotl atathpr boemetary tedwesgnennitégndus pgenmngnibr great er
(e.g. 2000G sufficient to drive the vibrating diaphragmacts on the coils
(e.g. irhaghed.ea corresponding to the area fromthe outer periphery of the
per manent magnet extending 2.5 mmtowards the inner periphery). Force in a

vertical g (£pbiBIAEH R BiSe ColIAbLEM R PUAABNL Dy BOSSIRRAS Where the
magnetic flux density is less than the predeterm ned nagnetic fTux

densit i_gh i j onsi dered..ithis force
cannot %Qg%ﬁél er%gﬂﬁgﬁ% |c?@ﬁ?l%%Q%?%?g?éa%%%E%?%%é??%gﬁﬁ%g%gg%e hol di ng
the coils.,.Therefore, b | aci ng,.the coils.in an area where t agneti c
o aaesitigned i dhe matpelediR it Bon SHdr de 2" 2 B RubUS o EE
menbrane c¢an he efficiently vibrated. Note that fhe magnetic f nsity
T hots BRGbEs GRls Silie Aerol Hot REntEaRcs VHETshanAensor it dler e the
coil is placed, however, forces act in. reverse directions jin symetrica
coi | péspradstermined meageriie flux densitsoriggateralcas| 2P006) shElGieaa ng

-surface is cancelled out.. Therefore, there is no twsting or the |like of
)t he codirive the vibrating diaphragm acts on the coils (e.g. in an area

corresponding to the area from the outer periphery of the permanent
magnet extending 2.5 mm towards the inner periphery). Force in a vertical
direction acts on the vibrating membrane in those areas where the magnetic
flux density is less than the predetermined magnetic flux density, however,
when the weight of the coils is considered, this force cannot be considered
sufficient to vibrate the vibrating membrane holding the coils. Therefore, by
placing the coils in an area where the magnetic flux density is at a
predetermined level or greater, the vibrating membrane can be efficiently
vibrated.

Note that the magnetic flux density in the z direction is not zero in the
areas of the slanting line where the coil is placed, however, forces act in
reverse directions in symmetrical coil positions and the force in a direction
parallel to the vibrating surface is cancelled out. Therefore, there is no
twisting or the like of the coil.

Next, nine permanent magnets of a size 7.5mm high by 7.5mm wide by

3mm deep were placed on a yoke in a matrix formation with a 2.5mm gap
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Next, nine permanent magnets of a size 7.5mm high by 7.5mm w de by 3mm
deep were placed on a yoke in a matrix formation with a 2.5mm gap 619

bet ween each magnet, as shown in Fig. 24A. The magnetic flux density on
the line 1 whose distance (Lg) fromthe magnetic pole face is 1.0 mm as
shown in Fig. 24B, was neasured. Note that a magnetic shield nenber was

pl aced, above the magnetic pole face..Th etic flux densjity.in a

di r ect PEEVBSR SACH| nFﬁeagﬁgH@F?E“E%ges?ggggfin&gpggfﬂgﬁ§d%@¥ﬁé%ﬂnthe
point A and the point Bon the line 1 and the magnetic flux density in a
di r ect tloa linset paresecdisianee (Lelelrray toe meagetiec Pade faee 1 F &M WBaRSar ¢ shown
in Fig. 25. The nmagnetic flux density in the x direction and z direction

was swhstaniri Rig. 2 4Bewsameasurdte N etiecthaed anersemnte tivagineld na¢mbegiwas 10mm
hi gh by 10mm wi de by 3snm deep were placed in contact with each other in a

Mat ri X piidehbeve Yhé %ﬁga@@gom@m&erm&m@rmmk d@agsief sn aHowever, in
the area between a position 8. 75mmdistant fromthe A point and a position

11. 25my A $bANbaddiReh *iﬁe/%nagheﬁc AAELYe (4 QirtkBBoR) PRrAEENGHE @SRt Ahere no

per manent magnets were positroned, It was possible to maintain the

magnet ¢ flux denshty ] . i I : ! e .

approxif’l t%ﬁeyp%’g%"ﬁ {nkpet hg%sgr&%g'd’mg% ggék{mﬁeghcapﬁgx%er nZ’Jrlrltél %’%é%%?rsl wer e
positioned with, no gaps between each nent net, it.is.possible to
o111 ci BREPSAUiCHIaR 1 BB s PR RGN S6yOB ALF RHTHA TR 25h t he
area of the slanting |ljne_ at which a magnetic field.of a predeterm ned
magneti ¢ fThg raagseiq ax dergityansihe ¥ guesatian and; 4 di59e800 BASt i ng

di aphragm acts on the coils (e.g. in an area corresponding to the area
¥rom aspbsiaritinllathe samepgiween dhstparceanenhiEragngtsoh a sEcol@@Mper i phery

of the magnetic pole face extending to a position mdway between magnets).
high by 10mm wide by 3mm deep were placed in contact with each other in

a matrix formation with no gaps between the permanent magnets. However,
in the area between a position 8.75mm distant from the A point and a
position 11.25mm distant from the A point, namely, in the area above a gap
where no permanent magnets were positioned, it was possible to maintain
the magnetic flux density in the x direction at a maximum value of
approximately 4000G.

in the same way as when the permanent magnets were positioned with
no gaps between each permanent magnet, it is possible to efficiently vibrate
the vibrating membrane by placing the coils on the area of the slanting line
at which a magnetic field of a predetermined magnetic flux density or
greater sufficient to drive the vibrating diaphragm acts on the coils {e.g. in
an area corresponding to the area from a position a predetermined distance
inwards from the outer periphery of the magnetic pole face extending to a
position midway between magnets}.

(Fifth embodiment)
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(Fifth enbodinment) 70 I | DEC 2003 The fifth enbodi nent of tfa ;ﬁrﬁﬁﬁﬁﬁs
i nvention will now be described. As is shown in Fig 26, in el

speaker unit of the fifth enbodinent, a sheet nenber 22A nade from a
non-magnetic material is adhered to the entire surface of a nmagnetic pole
face of the plurality, of permanent magnets of the speaker unit of the
first enbodi ment shown in Fig- 9, thus covering the entire surface of the
magneti c pdhe fiftle empodinment ehtee presssel iEatiophwill gavedbe Wﬂb?%A may be
made froma material having pliability and a degree of Borpusness such as
rock wAslis siicves imdtil, 26pm whe dhatf geaker udidpdribsdifphpenbodimené, &i ke-
Because the remaining parts are the sane as those of the first enbodi nent,

i dent i §RketPAdrabeF 8201 HeRrlel fiens ankoletaghptit VRateayalbiel sdlatdataléser i ption
thereof is omtted, A frame-shaped spacer 6 whose thickness is thicker than

t hat : ' ' ke 2
a O!znﬁg%e sﬁ?ﬁ@% H{E%{ﬁagﬁbﬁ: gicerased Strhlgy bPpestaide Rhghbes yoke

0 such t a ent nmagnets ‘are positioned inside the frane
openi n Thi s er r NRGRE . At eri 0 :

non- na gﬁ 3pﬁ%$§r?}clgft 8%@5%:?9%& 0|d(r?1fgﬂetq};ce spalt-:lelf1 f b%’ éﬂ{r%ggéloe‘% lncng*rat erial
enabl e magnetic flux eaks in _a transvers I rection to, be~prnevent ed The
or | pREIGFRBEE SHBRsE thedtpenBraol drraatfhd RECHTBIRpRE 22 iine 26
are fixed to the tOB surface of the ~spacer é? such ﬁ%ﬁhe nbr ane

sur f acgheet menabeP2Admayneg made fnesna matsrigd haying Bt aPfeRnet and,
accordingly, to the top surface of the yoke. A predeterm ned tensional
force degreesef pppuissgsseudic asgwiskaneck @liase waogh, gontWeveRddbESe surface

i s di sposed facing and adjacent to the sheet nenber 22A.
Japanese paper, or the like. Because the remaining parts are the same as

those of the first embodiment, identical parts are given the same descriptive
symbols and a description thereof is omitted.

A frame-shaped spacer 16 whose thickness is thicker than that of the
permanent magnets is disposed on the top surface of the yoke 20 such that
all of the permanent magnets are positioned inside the frame opening. This
spacer can be made from a magnetic material or a non-magnetic material,
however, making the spacer from a magnetic material enables magnetic flux
leaks in a transverse direction to be prevented.

The peripheral portions of the membrane surface of the vibrating
membrane 26 are fixed to the top surface of the spacer 16 such that the
membrane surface is parallel to a magnetic pole face of the permanent
magnet and, accordingly, to the top surface of the yoke. A predetermined
tensional force is also applied to the membrane surface and the membrane
surface is disposed facing and adjacent to the sheet member 22A.

As a result of this, an air layer of a predetermined thickness is formed

between the sheet member 22A and the vibrating membrane 26 due to the
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As a result of this, an air laver of a predetermned thickness is forned
bet ween the sheet nenber 22)A u-id the vibrating menbrane 26 1cI!uBzEE023rB§e

7 1 11 DEC 2003 spacer 16 being interposed between the sheet nenber 22A and
the vibrating nenbrane 26. It is preferable that the thickness of this air
| ayer is such that the vibrating nenbrane 26 nmakes slight contact with the
sheet nenber 22A when the vibrating nenbrane 26 is vibrating at the

maxi nuspaaeplliot beleg iBécmpesedcbitveceaar ehplsheeti membhe 22foaadnidrther on the
vibrating nenbrane positioned parallel and adjacent to the sheet nenber in

this waybratiy hernBeaed 26. 1t iexpiafencsiienpat the thickendssasf thlioagr Idyerser f ace
of the vibrating nenbrane interlinks in the adjacent portions of each

coi |, gpepei tﬁlleuﬁbréﬁﬁg LSk s i aRedislieht icontRE ReNdikelsieck0 t he
surface of the vibrating~” nmenbrane. However, the force of the latter

magnet | | | | 1S : &:]-g]_lé& | L rse
di rect Fgengsjlblgﬁ gszén’%i% & %}gqnglgglﬁpn%g%ﬁﬂl)%glse?ﬁgéggr I ngf%fat %%?\n%%rnﬁgﬁ i's
supplied fromone enc. of a coil group connected in series in a flat
speakePMHEdS owi ng towards the other end, the current flows in the sane

direction in adjacent. coil paqrtions of adjacent coils_ and the current
f1 owi ng i nBsepEseSeilscNe Plgcerddnsthsr ahay e seppnetgn the @bgripg ed by
unidirectional force fromthe magnetic field in the direction,
per pendicgubsane positioned pacelldfandedjadandttorigermant membag ia this sax,,
because the vibrating nmenbrane receives alnost no force in a direction
al ong wihglesmagaeecdiut heavelingini adiretioraalenenthevsrfatesf the aibragimgct i on
~,perpendi cul ar to the nenbrane surface, noise conponents are greatly
I educeghemiBrd e iseulidkglal tHeyadhitehe portioaed! eddh eoilgmagmetidélux
also interlinks in a direction perpendicular to the surface of the vibrating
membrane. However, the force of the latter magnetic flux is small and is
cancelled out because it acts in reverse directions in symmetrical coil
positions. Accordingly, when current is supplied from one end of a coil
group connected in series in a flat speaker unit flowing towards the other
end, the current flows in the same direction in adjacent coil portions of
adjacent coils and the current flowing in adjacent coil portions of adjacent
coils is affected by unidirectional force from the magnetic field in the
direction perpendicular to the surface of the vibrating membrane. As a
result, because the vibrating membrane receives almost no force in a
direction along the surface of the vibrating membrane and vibrates in a
direction perpendicular to the membrane surface, noise components are
greatly reduced and the sound quality can be improved. Moreover, in the
above embodiment, because the coil placement portion of the vibrating

membrane is coated with a ceramic coating, the ceramic coated portion

vibrates as an integral whole allowing a high volume to be output without
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above enbodi nent, because the coil placenment portion of the vibrating
menbrane is coated with a ceram c coating, the ceramc coated portjo
vibrates as an integral whole allowing a high volune to be ouﬁpthE/G &ﬂ%t
DEC, 2003 any sound distortion. Further, in the present enbodi ment, because
a plurality of permarient nagnets are disposed in the |ongitudinal
direction of conventional bar rmagnets, nanely, in the row direction of the
pr esentaranpodndelistorsigg.a plurality of coils are disposed on the vibrating
menbrane at. positions corresponding to the permanent nagnets, the

conbi ned | #hgthenfintihe prasent esdbedpoeni,doscaofse aglpraligl of pewhaperntanent
magnets is longer than the |length of the outer edges of the bar magnets so

that t Eﬁagﬂétrsaéﬂe drpekbdah tHclorg@hhdip@l dittsidrbeebhnkhtignyd blart he
magnetic flux is longer than when bar magnets are used. The result of this

'St hatrag SAR ALY i MnihBl, BiRiciol of hbrd 45t AhHRRimERINGhE AT e

provi ded,”it s pos e to inprove the proportion of the surface area of
the vibrati nby ane qccupi ed I I i magnet . |t
o al s8R e AR A b e S ma S A O SERAITEA TS (e
prior art. As a.resulf, it is possible to_inprove the efficiency_ of
Conver EPHFSBRTEIRE i thapermmafitt ariestn e Paminnsdenge: oL sGR RS i ¢y
i nproved. Furthernore, because a conbination of different triapgular and
quadr angee RorsRasa] ther phality Phgremangnd B@Inetsis loagey andhe  per nanent
magnets and coils, the speaker can be formed in shapes different from
t hose Engtbnidiie ot csigesladithe bhar smanets seched dhervaraldength pbtlact ace
Wwhi ch has a high degree of hardness is covered with a. pliable sheet
_)rrat er i abil portionstiadedmiichgf witin thre masdrestic flaixeisi lainges thaduwbenalpair r ef | ect ed
sound can be prevented front
magnets are used. The result of this is that, compared with when a plurality
of rows of bar magnets are provided, it is possible to improve the proportion
of the surface area of the vibrating membrane occupied by the coils
surroundi;ig each magnet. It is also possible to increase the effective
magnetic flux compared to the prior art. As a result, it is possible to improve
the efficiency of converting an electrical signal to a sound signal and the
sound quality improved.
Furthermore, because a combination of different triangular and
quadrangular shaped permanent magnets and coils are used for the
permanent magnets and coils, the speaker can be formed in shapes
different from those of conventional speakers.
Moreover, because the magnetic pole face which has a high degree of
hardness is covered with a pliable sheet material, reflected sound from the
sheet material is reduced and reflected sound can be prevented from

becoming noise. In addition, because an air layer of a predetermined

thickness is interposed between the vibrating membrane and the sheet
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becom ng, noise. In addition. because an air |ayer of a predfqehghpgﬁﬂ C |
t hi ckness is interposed. between the vibrating nenbrane and the ee %3
DEC 2003 nenber, twi sting of the vibrating nmenbrane is prevented by naking
the phases of the reflected sounds fromthe sheet. material identical.

(Si xth enbodi ment) The sixth ernbodi nent of the present invention will now
be described wth reference made to Figs~ 27 and 28. The sj xth enbodi nent
uses t Reemdssetwiding phtheyibratnemesprane ippraptrtesabemakingthy  he
second enbodi nent. Because the remaining parts are the sane as in the
second phesbe difriuet refiedért soahdsdrom the shevemadteeciad adentestri ptive synbol s
and a description thereof is omtted. Nanely, as was described in the
fifth enikediemBbdimentjhe sixth enbodi ment as wel |, magnetic pole faces of
a plurality of permanent nmagnets ~are covered with a sheet nenber 22A,

whi ch is a,@‘@%rsﬁsitﬁ *&ﬁg}g&&ﬁmm Of €8s ﬁgg%érw ARn R whBYRIw Ve dedirdsisd er i ned

t hi ckness et ween t vi brating rane 26 and the sheet nenber 22A. A

yoke 20;40 bRl ShoRTS AL SR, PhoLald b 9% PRLERNSRLAARADE! Bp0age  MROnetic

pal e face-; “arc cover ed € above sheet menber ranme
and o BAGHCTIACEH] G RGO b BT Eaob 220t SRk er uni 1 The
frame 24, tg which is fixed the vibrating nmenbrane 26 on ich ar pl aced
the pl erdradignett. Brgadise; hesepyHRePdes aethenapsis Qfe\"fgﬁ@e'eﬂﬁg magnet i c
shield menber 28, and a spacer is interposed between the vibrating
menbr agiehaddmeny, sderticahpatisrarsuginentite sameaidedcaidivesymbols and a
) description thereof is omitted.
Namely, as was described in the fifth embodiment, in the sixth

embodiment as well, magnetic pole faces of a plurality of permanent

magnets are covered with a sheet member 22A, which is adhered thereto, in

order to form an air layer of a predetermined thickness between the

vibrating membrane 26 and the sheet memb_er 22A.

A yoke 20 to which are fixed a plurality of permanent magnets whose

magnetic pole faces are covered by the above sheet member 22A, a frame 24

to which is fixed a vibrating membrane 26 on which are placed a plurality of

coils, and a magnetic shield member 28 are assembled as a flat speaker unit.

The frame 24, to which is fixed the vibrating membrane 26 on which are

placed the plurality of coils, is sandwiched between the yoke 20 and the

magnetic shield member 28, and a spacer is interposed between the

vibrating membrane and the sheet member such that an air layer of a

predetermined thickness is formed.

In the present embodiment, because the magnetic pole face which has

a high degree of hardness is covered with a pliable sheet material, reflected
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predeterm ned thickness is fornmed, In the present enbodi nent ﬁﬁﬁﬂfaﬁ %he
magneti c pole face which has -~ high degree of hardness is cgv r 'p a
pliable sheet material, reflected 174 14 DEC, 2003 sound fromthe sheet
material is reduced and reflected sound can be prevented from becom ng
noi se. In addition, because an air |ayer of a predeterm ned thickness is
i nterposed between the vibrating nenbrane and_ the sheet nenb tw sting

I ng r,
of t hesoubdalipay the sheshaatsrial a5 spt BECH ANFhREIRFIERSPHAE Sa8F the refl ect ed
sound fromthe sheet material identical. Note that, in the above fifth and
si xth enbeshtednirem braopling nuese ldeadditbey lfcaumnassh lpgemahént magnet
was placed in contact with other permanent magnets, however, it is also

possi bbeed@tephifiedttheclpgs seftehiter pRgEbstwedr the siibgltingapelrdinaeen each
per mmnent magnet, and, as shown in the enbodi ments described below, it is

al so ptgﬁgirt@{es%ﬁﬁetﬁrégﬁbémmaﬂgt& the Nbesghe THE REstafieSTsApR@ ettt by r om

each o : e l'at, square gnets are uSed, it is preferable if the

i ot ange MERAREILHB00SH Tk SchERtl Nlng PRRCHIIBAELY o kg i dth of

t he pe isa possSible to use a conbination o
per manent nets, plaged jn ¢ act .wi.t each..other w.th r t magnets
eving o BPRC Ry R abive B aha Sith s B O T BRI TRAEE,

predet erm ned_di stanced apart from each other, (aevent h enba bg&g‘% The

sevent ACeFREN PERNGT SRR NSTENEMNY MAGREL SR SPIACCHIN (R 1agh 3P th
reference made to Figs 29 to 31. In the seventh enbodi ment, the nmagnets of
the siretmentodimegnets, hqyenasd ibisprlsaaressiblecw BlapcaitererEp@cntas i s al so
shown in Fig. 30. Perpendicular portions 20C are forned by

) magnets with a slight gap between each permanent magnet, and, as shown

in the embodiments described below, it is also possible to place the magnets
a predetermined distance apart from each other. When flat, square magnets
are used, it is preferable if the distance between magnets is less than
approximately one third the width of the permanent magnets. It is also
possible to use a combination of permanent magnets placed in contact with
each other with permanent magnets having a slight gap between magnets or
permanent magnets placed a predetermined distanced apart from each
other.

(Seventh embodiment)

The seventh embodiment of the present invention will now be
described with reference made to Figs 29 to 31. In the seventh embodiment,
the magnets of the sixth embodiment are placed a predetermined distance
apart, as is also shown in Fig. 30. Perpendicular portions 20C are formed by
bending the peripheral edges of the yoke 20 substantially perpendicular
relative to the magnet placement surface 20B. The peripheral edges of the

yoke are then bent again parallel to the magnet placement surface thus
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bendi ng the peripheral edges of the yoke 20 substantially perpendicul ar

rel ative to the magnet placenent surface 20B. The peripheral’ édges 6 the
yoke are then bent again parallel to the nagnet placenent surface thus
form ng vibrating nmenbrane nmounting portions 20D. Note that, in Fig. 30,
the vibrating menbrane nounting portions 20D are bent inwards, however, as
shown in Fig. 3 1, the vibrating nenbrane nounting portions, 20 al so be
bent otbmains viBpthendicgbraee meratinggP e 2 Re i that, jar lgg§§):
outwards like this, the vibrating nenbrane nounting portions can also be
used ashawiltdthie porhboase mouhhegf patticpeaREr armbent Fhwanls,droweyépher al
edge of a rectangular frame-shaped frane 24 is fixed to the vibrating

menbr ang JIRWM iAYiRORNI, AR AR MihH raeatREh eZhoulRileg boetibne@oDanayhe |ike
i nterposed between"the two. The frame nmenber 24 is an edge fornmed from an

el asti ¢, f gL {P%%h?cﬁ;&z%ﬂs@haéﬁeﬂﬂﬂ%?hg aéﬁfﬁt‘m IhEMRENEABEMEREE | ON runni ng

unbr oken aro e outer ripher e. e outer peripheral edge of a
vi brati ng .nmenbrane an ose . central portio ' : L5 wel ded
Yo't he FPRHERS SHAMBRERACohge: Bre PreRRihRanbtae o aufph AREREerd, ¢

peri phery of the coil placenentHPor%iog%oh %he Eibrat{ng menbrane is

sur r ouAdREIPE YIseH 2% MMPVBURE POTH DS IQhbie VRS SHFEEET WX ess than the

hardness of the coil placenment portion. As is explained elow, jt is
pr ef er abl eThe quter mefiplieradiedgeaef 2 spetangular framesthaped Faref a?th 1%

portion 25 along the |longitudinal side of the frame 24 is higher than the
nodul usixefl tel thet vibiratingf meunbeurd i pongi pergio20kewitieadeerL3A descri bed
-.above, which is formed froma non- nagnetic material, is adhered to the

) Jent i r e ngatd goen ph pelf@rmhgrishké inteopesed etweoh thepi. dllie fravie peenmpeznt
magnets, thus covering the entire surface of the magnetic pole face with

the sheatismease 28 Amehsiran asalibsticthi®tspaigs pobdt N haegretssdmi-cover ed

by the sheet nenmber 22A and an air |ayer of a
circular cross-section running unbroken around the outer peripheral edge.
The outer peripheral edge of a vibrating membrane on whose central portion
the coils are placed is welded to the inner peripheral edge of the frame 24.
As a result, the entire periphery of the coil placement portion of the
vibrating membrane is surrounded by an elastic portion 25 whose hardness
is less than the hardness of the coil placement portion. As is explained
below, it is preferable if the modulus of elasticity of a portion of the elastic
portion 25 along the longitudinal side of the frame 24 is higher than the
modulus of elasticity of surrounding portions.

A sheet member 22A described above, which is formed from a non-
magnetic material, is adhered to the entire surface of the magnetic pole
faces of a plurality of permanent magnets, thus covering the entire surface
of the magnetic pole face with the sheet member 22A. As a result, the spaces

between magnets is covered by the sheet member 22A and an air layer of a

predetermined thickness is formed between the vibrating membrane and
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predeterm ned thickness is forned between the vibrating nmenbrane and 76 11
DEC 2003 the sheet. menber. According to the present enbodi ments UE@ 200%
effects are achieved that the fornmation of the perpendicul ar portions 20C
enabl es | eakages of magnetic flux fromthe sides to the outside to be
prevented. Moreover, the provision of the sheet nenber 22A enables the
phase of reflected sound fromthe sheet nenber to be made uniform thus

pr eventhaghere membgri ng nenbrane from twisting. In addition, because the
vi brating nmenbrane is surrounded by an elastic portion having a degree of
el asti ci t y Acthedivightoatt engresemttreambodianebt, the dfettedirpacilitetd thatther ecti on
perpendi cular to the surface of the vibrating nenbrane. As described

above, faeRAFiBhNT the Hﬁ;&%d@fcﬁéﬁmr EOMRHITBOC EhebRislleakagefbe ragphetied t hat,
because pliable air Taver form ng nenbers are placed on the first and

Secondﬂwgﬁi ; POl ! t%%e%lsifs?%@{o bh&y kB Ald oS- anse PPovidtoh @é*f orm

t oget her " wi e vibrating nmenbrane, air |layers of a predeterm ne
t hi ckngss, ,ai| |l ayers eherm ' en the
Vi br at T SHERb P BER 2 EnBP R FLPHRSE drdkAbaRsdify ATRE; RELLE
difference is generated in the reflected.souynd. .Ther.efore, .there. is no
Lui sti FPTPREE 0 D BASE Wol waRbFANS PIRYCR HBEIBE A PERANEF)SIBT A MO r oved
(Ei ght h enbodi nent.)_ The ei ghth_enbodi ment of the present inyve i)i on will
now betwissing. Jacaddision, degasing the wbgating membrang l%ﬁégﬁé%n(i;w’ YAt he
ei ghth enbodiment is constructed by sandwi ching a permanent nagnet group
114, celmsticsporgiorf hayvime rrdagyae ofwimsticity thie vibrrBagpngseldrare cast behei r
-~Side faces are in
) vibrated parallel to a direction perpendicular to the surface of the vibrating
membrane.
As described above, according to the present embodiment the effects
are achieved that, because pliable air layer forming members are placed on
the first and second magnetic pole face sides of the vibrating membrane so
as to form, together with the vibrating membrane, air layers of a
predetermined thickness, air layers of a predetermined thickness are
formed between the vibrating membrane and the air layer forming members
and no phase difference is generated in the reflected sound. Therefore, there
is no twisting in the vibrating membrane and the sound quality can be
improved.
{(Eighth embodiment)
The eighth embodiment of the present invention will now be described.
As is shown in Fig. 32, the flat speaker unit of the eighth embodiment is
constructed by sandwiching a permanent magnet group 114, comprising

flat permanent magnets M11 to M34 placed so that their side faces are in

contact with each other, between a pair of vibrating bodies 120. Sheet
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contact with each other, between a pair of vibrating bodie=s 120_ Sheet !I
menbers 112, made from non-magnetic material, are al so interposkedi béfilgen
t he permanent magnet group 1 1.4 and each of the pair of vibrating bodies
120. This structure is then closely adhered together so as to forma flat
(e.g. having a thickness of approximately 1mrm) overall structure, as is
shown n Fig. 33. As is shown in Fig. 32, in the sa ma% as shown in Fig.
9, atm rarl 1;?9rlﬁﬁﬁéﬁfo%@%tm%@iu%m%@h@]ecﬁregS%é RS Hovabl e wi t h
respect to a sheet 112, at a position corresponding to one of the corner
port i obstwéen hbel parenanéht atdgngtrdnpl 04 end hackipddhemairiofrvabpyidag

t her ebet ween such that the S plurality magnetic pole face thereof faces

upwar dgodisk $00h Thi@stihaueblis ghen silcselofadiretr icgegher $acestd frma ner
portion. A ferrite based magnet or an NdFeB based magnet can be used as the

per mangnt (é;g%%%in of {Htkn84aEr apgEbaimaranant) qreabtstMidnise, muy ed, so
as to be vabl e th respect to the sheet 112, at a position adjacent to

body BBV FECRGer 112 i nt er posed L her ebet veen such that the N pol ar ity
oot manent | RBGREPAN niECaRt T Lk PG " aaS TR §IE R Bertiabn mgnet
ML1. A flat, quadrangul ar pernmanent, magnet . 31is unted,at a _position
adj aceHiapgUsePaPARRBAIMAZREM M lfzmqvl%‘}?gl, SO f%gi%n%!OV&P?‘“ecY‘P n of the
vi brating body 120 with the S polarity nmagnetic pol e thereof facing upwards
and a fesmectitpimabachi 18ept@neositioneepieespeading o dmeedf Bic §OB3&Y t i on
) portions of the lower vibrating body 120 to the sheet 112 interposed

therebetween such that the S plurality magnetic pole face thereof faces

upwards and such that the oblique side of the triangle faces the corner

portion. A ferrite based magnet or an NdFeB based magnet can be used as

the p;ermanent magnet.

A flat, quadrangular permanent magnet M12 is mounted, so as to be

movable with respect to the sheet 112, at a position adjacent to the

permanent magnet M11 in the longitudinal direction of the vibrating body

120 to the sheet 112 interposed therebetween such that the N polarity

magnetic pole thereof faces upwards and such that one side face of the

permanent magnet M12 is contact with a side face of the permanent magnet

M11.

A flat, quadrangular permanent magnet M13 is mounted at a position
adjacent to the permanent magnet M12 in the longitudinal direction of the
vibrating body120 with the S polarity magnetic pole thereof facing upwards

and a flat, triangular permanent magnet M14 is mounted at a position

adjacent to the permanent magnet M13 in the longitudinal direction of the
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adj acent to the permanent magnet ML3 in the |ongitudinal direction of the
78 1 1 DEC 2003 vibrating body 120 with the N polarity rragneﬂi ﬁﬁ)@@znng
thereof facing upwards such that one side face of each of these magnets is
in contact wwth side faces of adjacent nagnets. Three pernanent nmagnets
are positioned with magnetic pole faces of different polarities positioned

alternately at. adjacent . it inth I, i f -th h i, d
he shudratabesey JPCouih gie M peramesnctinagietirel HSpBIBvarS ™ snd

14, and are nounted with the side surfaces thereof in contact vinth t he
adj acesuchéhad et sidadaee of pached shepemagnataieHt CREGAE VI 319¢ 1REERBS are
flat wwth parallel front and rear surfaces, each nagnetic pole face is
par al | ef adjdderitheagaptsurface of the vibrating body and faces in the sane
direction. The result of positionin the nmagnets in this way is that, in the

sane way aphiée P%ﬂdr{eﬂt RERedieant poshitoned mitte fhagngtietmldfaces of
positioned as follows. Nanely, a nagnet row conprising a plurality of

magnet §;ge gr e(ﬁ‘&%gi\%g tibAgh eﬂ?&@ﬁﬁ&ﬁ Qpééj[afc%%i%ﬁadﬁﬁtiéhngﬂié ng

pol aritres r'ds goi ng al ong one of tThe |ongitudinal or transverse

sides Qf the wvihrating b ral. foftdase FWSe Y €
arlrang gef :’Ba? a%eeﬁhog[u%lgl%)éhogﬁglﬁ%l%e#i Igeib%‘%{eggfoait:es of Fg’?%]?hr{atl ngﬁ?tlr
polarities face_up in 0 t he other of. t ongi ¢ udi r

Fr anoveiemess 38 1o M L heMornd Rhaur Sebmpureh HRaRidr areg 120
have the sane structure. Nanely, coils C 1 to C34 und i n.a helical
shape Hrerepbyn copnagt with Hae ¢t PHEPENERT Fragneh- %)%ﬁqlhﬁ Hhbr ane 26
made froma high polymer filmor the |ike such as fpoI i m de, polyethylene
)( er ephphiahanent gnaghety Mdel §o Mig4tage flat with parallel fronf and rear

surfaces, each magnetic pole face is parallel with the top surface of the
vibrating body and faces in the same direction.

The result of positioning the magnets in this way is that, in the same
way as in the first embodiment, the permanent magnets Mij are positioned
as follows. Namely, a magnet row comprising a plurality of magnets is
arranged such that magnetic pole faces of alternating polarities face
upwards going along one of the longitudinal or transverse sides of the
vibrating body and a plurality of these magnet rows are arranged in parallel
such that magnetic pole faces of alternating polarities face upwards going
along the other of the longitudinal or transverse sides of the vibrating body.

Both of the vibrating bodies 120 have the same structure. Namely,
coils C11 to C34 wound in a helical shape are positioned in the central
portion of a vibrating membrane 26 made from a high polymer film or the
like such as polyimide, polyethylene terephthalate, or the like so as to
correspond to each of the permanent magnets M11 to M34. Coils C11 to

C34 are formed in substantially the same shape as the outer edges of the
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correspond to each of the permanent nmagnets M1 1 to M34. Coils C 11 to
C34 are fornmed in substantially the sanme shape as the outer édb{ﬁ%pﬂﬂﬂ&e 79
11 DEC 2003 magnetic pole faces of the permanent magnets M 11 to MB4. Each
coil that corresponds to a magnetic pole face of the sanme polarity is
\t/vou[\ﬂ in the sane \r/]vindi n% direction fromthe outer periphery of the coil

0 e inner periphery thereof. Nanely, the coils C 11, C 14, .C31  and
that conagsgéngololacesicinie peripersahshesheigidid %M%Lﬁﬂcér&% #Gngul S’ ¢
shapes, while the coils C 12, C 13, C21 to C24, C and C33 that correspond
to quadoamgoadsper aaneghetiegode $ace of tusdmapelagitidsarigunsr insHapes.  As
descri bed above, this type of coil can be fornmed as a voice coil by press

adher i ggnfY whRARNdirdctibhnfreappes oﬁjtbﬁﬁeﬂphf&eyvifhlhatdotﬂgtmﬁm@ilaner% and by
etching the thin copper filmso that the planar surface thereof is forned

in a colli $h3benclast ead of press adhering or bonding a thin copper film
it is gfsg poOssI bke to forma coil by press adhering or bondi ng copper

foil or by,lamnatin Q l.at i [ I i

nsulat lngl\fggr@% ihe %jﬁs‘*gﬁéeﬁ 12, B2 THGES hal Seesper e L
aving pliability  and a f h wgg:—

wool , blﬁéﬁ?ﬂ)d@np?%{ﬁﬁpelﬂt rg% r%&%%&%ﬁ%ﬁﬁ%’ﬁﬁ%{fﬁlﬂy Sho%gé% St ha ﬂ? tglll @;s: al so

possi ble to nount t i i i

¥ T houEois 61 (3 aCoRger C ok ATHb CorUer P AR B SRR o

coils are the sane as in the first enbodinent and therefore a description
t her eopermameiittredghetseare wound into quadrangular shapes.

) As described above, this type of coil can be formed as a voice coil by
press adhering or bonding a thin copper film on the vibrating membrane 26
and by etching the thin copper film so that the planar surface thereof is
formed in a coil shape. Instead of press adhering or bonding a thin copper
film, it is also possible to form a coil by press adhering or bonding copper
foil or by laminating copper plating. Each coil is then covered with an
insulating material.

The sheet member 112 may be made from a material having pliability
and a degree of porousness such as rock wool, glass wool, non-woven fabric,
Japanese paper, or the like. Note that it is also possible to mount the
permanent magnets directly to the vibrating body without providing a sheet
member.

The placement and connections of the coils are the same as in the first
embodiment and therefore a description thereof is omitted here.

As is shown in Fig. 33, the permanent magnet group 114 comprising a
plurality of permanent magnets placed in contact with each other, the pair

of sheet members 112, and the pair of vibrating bodies 120 formed {rom the
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As is shown in Fig. 33, the permanent magnet group 114 conprising a
plurality of permanent magnets placed in contact with each other, the, pair
of sheet menmbers 112, and the pair of vibrating bodies 120 forned fF&m t he
O coils and the vibrating nmenbranes forma flat speaker unit by the

peri pheral edges of the sheet nenbers and the vibrating nenbers being

bonded together such that the permanent gnet ggou i.S gl ced in the
cent er coilp aaubithe sibratme BEWMBrancs frmpeft $PER4ET E’é‘lbg y¥nd the coils of

the [lower vibrating body are connected together such that the directions
of t hepetiphreent sdgtoof tige sheot ghemibers ainlds tho ViwesngmmunbereReHigagnet are
reversed in each vibrating body. Because the coils have been disposed in

the abpyedeédswiebies vayh ahat the perbnanénymmgrintarent iseplagdeini the | ux
interlinks in a direction along the surface of the vibrating nenbrane in

adj acepL,Rar Th WRiAbNCAGE cBAklof thMagHsET Gibrhtih gy hitetHd edids bh tlhe

direction perpendicular to the surface of the vibrating nenbrane. However,

the f Okcxg%%%%m?é@lg ?‘%@?Q% ic%nue%cﬁég?géﬁie:r SL%HjFPlét AR asldcebriRubf Because it

acts i ionsin sy rcal "~ coil positions. Accordingly,

wh t ied f d of il d i [
'noa { Pureiedesnrniove i conseosrepenEtae S AR e e

direction in _adjacent_coil portions of adjacent coils on the vibrating

body, Eevarsedhpviaanvibragng\pe@hver, the current flowing in the adjacent

portions of adjacent coils is_ affected gé_uni directignal force F from the
i1

magneti ¢ f Betdustithetoeslsdraeebeen ¢eppendiintheraheys AeSEiPedAPEB P he
-WVi brating nmenbrane. The result of this is that the vibrating nenbrane is
dhar di ytiaé Vimtaethgmeahbrdoye f threcmagnetidiltscintorinks iy at disestipPaleng: t he
vibrating nenbrane and the pair of vibrating bodies, the pair of sheet
menber ghe 80@face of the vibrating membrane in adjacent portions of each coil.
Magnetic flux also interlinks in a direction perpendicular to the surface of
the vibrating membrane. However, the force from that magnetic flux is small
and is cancelled out because it acts in opposite directions in symmetrical
coil positions. Accordingly, when current is supplied from one end of a coil
group connected in series in a flat speaker unit to the other end, the current
flows in the same direction in adjacent coil portions of adjacent coils on the
vibrating body, as is shown in Fig. 34, Moreover, the current flowing in the
adjacent portions of adjacent coils is affected by unidirectional force F from
the magnetic field H in the direction perpendicular to the surface of the
vibrating membrane. The result of this is that the vibrating membrane is
hardly affected at all by force in a direction along the surface of the vibrating
membrane and the pair of vibrating bodies, the pair of sheet members, and
the permanent magnet group vibrate as an integral structure in a direction

orthogonal to the surface membrane. Therefore, noise components can be

greatly reduced and the sound quality improved.
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t he permanent magnet. group vibrate as an integral structure in a direction
orthogonal to the surface nenbrane. Therefore, noise conponentssc b
greatly reduced and the sound quality inproved. 81 11 DEC 200? mbﬁEGngg in
the present enbodi ment, because a plurality of permanent nagnets are

di sposed in the longitudinal direction of conventional bar nmagnets,

namely, in the row direction of the present enmbodinent, and a plurality of
coils are Mmposed ionthahpresdrtatinhgdimembr Baeaase paplirpbig oéor r espondi ng to
t he permanent magnets, the conbined |ength of the outer edge portions of

the pl peghidnerefmaghetenant dismedtel k the lomgieudimendireetiberdt h of the outer
edges of the bar nmagnets so that the overall length of the coil portions

inter| #Eh{f&gti%%bg%p?ﬂlﬁgﬂ%,ir?amfeiy‘,‘)ini thel RRGelirddiaih vhene baesemgnet s are

u?eg. e res Is’'that, “"conpared with when a plurality of rows
of bar nets ar V] el S: i ' roportion of
Che suffﬂ%ﬁg}eéa, SR REIFR, brbSis B RS et bR r B
surroundi ng each magnet. It is als ossible to_increa ffective
mgnet FETPELE GipReaons CReTing © e perPpshrRaRRel L TR Thl o 'To
i nprove the efficiency of converting an electrical _signal to a sound
Si gnal cambinnd lepate o tae (Yot s E8 AT RLth - BRer G periReiget o
conbi nation of different triangular and quadrangul ar shaped permanent
nagnet magktsoi lengeethae dhedengte of he manentedgag mitthedbrr BmgnetstsR
speaker can be fornmed in shapes different fromthose of conventional
speaketlsat {Hd ovéradhizodithest theTbeil miomtibnenioetilimdningovithhthqrmeagiti¢ nvent i on
.-‘)WI Il now be described wth reference made to Fig. 35. 1In the ninth
enbodi ffaRtis 1bhaér tadadyReg WA magnets are used. The result of this is that,
compared with when a plurality of rows of bar magnets are provided, it is
possible to improve the proportion of the surface area of the vibrating
membrane occupied by the coils surrounding each magnet. It is also
possible to increase the effective magnetic flux compared to the prior art. As
a result, it is possible to improve the efficiency of converting an electrical
signal to a sound signal and the sound quality can be improved.
Furthermore, because a combination of different triangular and
quadrangular shaped permanent magnets and coils are used for the
permanent magnets and coils, the speaker can be formed in shapes
different from those of conventional speakers.
(Ninth embodiment)
The ninth embodiment of the present invention will now be described
with reference made to Fig. 35. In the ninth embodiment, flat, quadrangular
permanent magnets m11 to m38 are fixed using an adhesive with sheet

members 112 interposed between the magnets and the vibrating body. In

addition, the magnet side surfaces are placed in contact with adjacent
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)

permanent magnets m1 1 to nB8 are fixed using an adhesive wth sheet
menbers 112 interposed between the magnets and the vibrating body. In
addition, the nagnet side surfaces are placed in contact with h(ﬂjiﬁbéﬁ%&
per manent magnets with no gaps between each magnet such that the upward
faci ng magnetic pole faces of adjacent permanent magnets have different
polarities. Nanely, permanent magnets inij (wherein when i. = | or 3, then
| = 1, perumnent magpatsweth no-gaps brbregn cagh magpet suce thateths sposed on
a vibrating body 1.20 with a sheet menber 112 interposed therebetween at
posi t i apsvarel feesp ndagige tio pede facw of adjadeat\ndaynement tegnetgdavsch that an
N polarity magnetic pole face faces upwards, and permanent magnets mj

wher ei gifff@mtipctardities. Rarh&§) permaherdt, magnets Sigwhehein when2i =then or 7)
are di sposed on a vibrating Body 120 with a sheet menber 112 interposed

t her ebgt yg e POSE L b PRS, CORIESPPRD NG irPj £3CH ®Widr B at@ispdsetiasn ng body

120 such that an S polarity magnetic pole Tace faces ‘upwards. Note that
t he permapent et .al s i j NeRpl Arities
ther cof MBvAved %% 20 Sy R BIREREFT 1% hterpoR PR AR BeBAI B0y 120
is formed...froma high.polynmer filmoyg .the.like suc ol .yi m,de,
ol yet Ryrisiass ferennendfis 0 earhyall B ac Sinrating o o Sathdhan o ghen
enbodi nent. A coil {)_I acement portion on which coils arengosi tioned is
f or medNi poleriy geagpatic sde daem [afcs REWATESaRPRGPHERBRERE MBERER Mibai rs L11
to L38, each conprising a pair of helically shaped coils positioned on
bot h f{vom¢reandvheai slrdradetheat j £He 4.00) opBarravriensrt PoMenie ldPsposed
on the coil placenent portion of the vibrating nenbrane 26 at positions
cor r esppadi7hart dispodedbnt Aeilpetien botynt2M etish m dheett memgBer 112

interposed therebetween at positions corresponding to each coil of the

vibrating body 120 such that an S polarity magnetic pole face faces

upwards. Note that the permanent magnets may also be disposed with

these S and N polarities thereof reversed.

The vibrating membrane 26 forming the vibrating body 120 is formed
from a high polymer film or the like such as polyimide, polyethylene
terephthalate, or the like, in the same way as in the eighth embodiment. A
coil placement portion on which coils are positioned is formed in the central
portion of the vibrating membrane 26.

Coil pairs L11 to L38, each comprising a pair of helically shaped coils
positioned on both front and rear surfaces of the coil placement portion, are
disposed on the coil placement portion of the vibrating membrane 26 at
positions corresponding to each of the permanent magnets m11 to m38.

Each coil pair L11 to L38 is helically wound in approximately the same

shape as the outer edges of each of the permanent magnets m11 to m38.

Moreover, each coil is positioned at an area on the vibrating membrane
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Each coil pair LI 1 to L38 is helically wound in approxi mately tre sane
shape as the outer edges of each of the permanent magnets 1111111 OF G803
Mor eover, each coil is positioned at an area on the vibrating menbrane DEC
2003 such that. the outer periphery of the coils (nanely, the outer

peri phery of the spirals) substantially mat ches a position correspondi ng
to the outer edge of the n cpoleface reover, c0|I are

posi 11 B tbat s Riter e pBaropT Hes PRHE (A5 thsRU b RS LS Pl y,
the outer ripheral portions of the spirals) do not. overlap hbte t hat
bec aus@pltrﬁg) suhstentiay matphas @ posiiRon ceTprRRndEng nedicetey ez pé

vi brating body that include those portions corresponding to the centers of
each nAgnetagnhegind poleafeeei Mawaktr, tirecoiks ght posftidhed siuohathatgthsody can be
| i ghtened by not placing coils in those areas. The connections of the coi

pai rs dibdertSeris8e@ bhdriiene Wi edHOEM$ (medy, tHe qhieriherishsralgsortiortescri bed
in Figs. 12 and 13. The plurality of permanent magnets are disposed at the

| oner Mtl?ire Jhp%ls) BBqut]&%r%ﬂrﬁ h\létréettlﬂ %%ecther@%%rf thORAA9SEE thik
bet ween, pper vibratin i's nounted to the plurality of
o Fﬁﬁﬁ”ﬁ%&@?@% it AP R graﬁ%&%oe%%ﬂméﬁ%é hEEPEREHc R, Dot veen
R R TS50 o RPN A SR o e

peri pheral edges of the sheet_ nenbers_and the vi brating nmenbranes arc then

bonde® ttbge‘flhéatlmgtbpdx gan Rebghtened by pd RAGEAE CRU§HB assffidthed
between the vibrating bodies. In this way, a flat speaker unit _is
)asserrbl ed. Thecennggtions @f the cobbpairgdstt |t9th30?rnan91ntf@<a@;blgé0um @déderi bed of

when the permanent magnets were nounted to a vibrating body with a sheet
menberGé mre rihessnb etswisede sacibed Holager 1 2idnd d3al so possible to sandwi ch

The plurality of permanent magnets are disposed at the lower vibrating
body 120 with the lower sheet member interposed in between, and the
upper vibrating body 120 is mounted to the plurality of permanent magnets
with the upper sheet member 112 interposed in between. At this time, as is
shown in Fig. 36, the coil groups of the upper vibrating body are mounted so
as to correspond to each of the permanent magnets, as are the coil groups of
the lower vibrating body. The peripheral edges of the sheet members and
the vibrating membranes are then bonded together with the plurality of
permanent magnets sandwiched between the vibrating bodies. In this way,
a flat speaker unit is assembled.

Note that, in the above description, an example was described of when
the permanent magnets were mounted to a vibrating body with a sheet
member interposed between each. However, it is also possible to sandwich
the plurality of permanent magnets between vibrating bodies by mounting

the peripheral edges of the sheet members and vibrating membranes
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the plurality of permanent magnets between vibrating 71 - bodies by

nounti ng the peripheral edges of the sheet nenbers and vi bratirnpmﬁl es
84 | DEC 2003 together wi thout nounting the permanent magnets to 0
vibrating body. Fig. 36 is a schematic cross-sectional view show ng an

enl argement of the coil dianeters of the flat speaker unit assenbled in the
above manner. Adjacent pernmapent magnets ml8 and nP8, and adjacent

per mangethpaygitheuhre wrdngdhe fe mArRImAZH &t Losihfevs é@EE‘éJJ?O j acent
per manent nmagnets are in contact with each other with no gaps in between.
The pol arFigy 3 iuppehcmanecrespetetidnakbviow shdpaogmn anprgemenitier nat es
for each of the adjacent nagnets in the upwards direction as does the

pol ari {he c6fl digwRiteFRENEE flap@peakas esit Astmdedinahesalioventdrarer.
Therefore, the magnetic flux generated from each pernmanent magnet travels

from the:i MenR Bt d e MBS PR S drtfen28, hha Rijpekat ideyntmaati ¢ pole
t n |

face. eover, e nmag c flux 1n the area béetween adjacent pernmanent

magnets travel s,oi.n ' [ [ e of
the viBPkeE §riae i Erb S A6t e B PR R Yp O B aflackfy pRenO el G

el ow t hose portions where the perpanent, magnets .are in _co t with h
ot her .méé@&f E%é‘rﬁé?lcoﬁ’&fa‘?%“ﬂt}l§?cﬁ %Hgﬁﬂﬂtdilf%’g gﬁgsdpa%%tév ec?ﬁl‘ﬁt 6écf r\(,)\nnt aﬁgc
rear surfaces of the upper_ and | ower vibrating nenbranes 26, netic fl

t r avel PolgTith of upPPRCEIagRnetishReERCES [0 qsla%wtgm%“qtﬁeﬁ%ﬂﬂ‘@%g? et Ihg -
vibrating nenbrane interlinks in each coil. Wen current | is supplied to

t Ee catdch phthe hdjakiardomagmessh omihe Mpwgrds direaiion agglges Yionplariyri g. 36,
.h)t ° Cuorfrlggs:er magnetic pole faces in the downwards direction. Therefore, the
magnetic flux generated from each permanent magnet travels from the N
polarity magnetic pole face to the S polarity magnetic pole face. Moreover,
the magnetic flux in the area between adjacent permanent magnets travels
in a direction substantiélly parallel to the surface of the vibrating
membrane and is at the maximum, in particular, above and below those
portions where the permanent magnets are in contact with each other.

Because coil pairs L18, L28, and L38 are placed on the front and rear
surfaces of the upper and lower vibrating membranes 26, magnetic flux
traveling in a direction substantially parallel to the surface of the vibrating
membrane interlinks in each coil. When current I is supplied to the coils in
the direction shown in Fig. 13, then, as is shown in Fig. 36, the current
flows in the same direction in adjacent coil portions extending from the
inner peripheries to the outer peripheries of adjacent coils. Moreover, all of
the coils are affected by a unidirectional force F acting in a direction

perpendicular to the surface of the vibrating membranes so that the upper

and lower vibrating membranes together with the sheet members and
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flows in the same direction in adjacent coil portions extending fromthe
i nner peripheries to the outer peripheries of adjacent coils, Mreover, all

of

di rection
t he upper

and 85 |

the coils are affected by a unidirectional force F actiny i BEL 2003

per pendi cular to the surface of the vibrating nmenbranes so that
and | ower vibrating nenbranes together with the sheet nenbers

DEC 4003 pernmanent magnets are displaced sinmultaneously in a

di r ect ipenmagmrgendgogtaare sisplacadriimananerisiydn Toisdifsht |y, by feeding
ectrical signal representing the sound to be generated to a coil, the
Vi br at ipegpeRdiviaaese thbanshdetnrenindase. Godsedueeptlyr byifeydoig per manent
magnets vibrate as an integrated whole in accordance with this electrical

si gnal eﬁé&@ﬂeaﬁgig?ﬁl%gﬁ*@éeﬂtfmn%tﬂhé dotirREt@BRgetcedted b6 of t@l, gpeaker unit of

an el

t he above eighth and ninth e

it is

odi nents can output an even |ouder sound if

pody s e b, bR PO ol o (I, BRERREY Y BeltRnERle of

vibrating f b, - ti . h b i . d,
gﬁ@ﬁéﬁﬁ%ﬁ% ré‘f?w%f&ﬂa&a%ﬁﬁ@?%%é%‘%oaﬂ%%%ﬁ% (RSP ORR C ( Oin
ass, alum nur A , h nb.b d, FRP, dthe lik
SRl ARISa BHECBSRHCur f aces of the permanent

the |i
pl asti

gl
Fur t hefignsd @k e sa3ing sigralys

C,

magnets, sound can be output from both  surfaces of the fl at sgeaker

It is

pr ef Ehatflat speakameanitesfiidie abare pighthgndmingk epbedimay

unit.

$ §2Rar ger

than the flat speaker unit in order to increase the resonance effect. In

t he abouepet ghtdveantburdert sowend afii tnisredheredahoph esewdrer ehgsahlebdd

-pl ural
)

in which a

ity of permanent magnets were sandw ched between vibrating bodies.
Howev etibratiagviobiid by abesky-magnatc \tidadyaductgabaedyorhdusieg, a board, or

the like. The member capable of vibrating formed by a non-magnetic body
such as a box housing, board, or the like can be formed from wood,
corrugated fiberboard, polystyrene foam, plastic, glass, aluminum, plywood,
honeycomb board, FRP, and the like. Further, because coils are provided on
both surfaces of the permanent magnets, sound can be output from both
surfaces of the flat speaker unit. It is preferable that the member that is
capable of vibrating is larger than the flat speaker unit in order to increase
the resonance effect.

In the above eighth and ninth embodiments, examples were described
in which a plurality of permanent magnets were sandwiched between
vibrating bodies. However, one vibrating body or one vibrating body and one
sheet member may be omitted. Alternatively, instead of the vibrating body
and sheet member, a sandwiching member such as an iron plate or the like
may be used. Moreover, in the examples described above, the pair of
vibrating bodies were vibrated in the same direction, but it is also possible

to reverse the direction of the flow of the current from that described above
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sheet nenber may be omtted. Alternatively, instead of the vibrating body
and sheet nenber, a sandw ching nenber such as an iron plate,qor the |ike
may be used. Moreover, in the exanpl es described above, the pai DEdF 2003

vi brating bodies were vibrated in the sanme direction, but it is also
possible to reverse the direction of the flow of the current fromthat
descri bed above 86 0 1- P -9 10 O ~' in one vibrating body so that the pair
of vi biawneyiboaiing hadi ae shahthppesi ekvibaptisg bediss vabedEHOPREPSItEN t he
coils of the above eighth and ninth enbodi ments., the inpedance of the
speakedireabions twetadlo odher.edet er m ned val ue by connecting coils to each
other in series or in parallel or by connecting coils to each other in a

conbi nat i ofy, ghe £61lk ¥f tABhHREHigelh aAANEEIthAEboBimeA) atle i@ﬁﬁéﬂén@@i I's
freely inthis way, it is possible to group voice coils together and

vi brat “be 88t tOLSHACERl e By d@inedtihd BEj18kgve ei ghth
and niﬁ{ﬁaggggggﬁgg?g, %xanﬁ?e39§kre escryggg;oy en eaé% o% t he
per manent nets was position g in contact it .%gér r gnets,
nowoyerach GRS % seBR s, PAPATCI Y RoRTsseile i baPE B el acent
to (i.e. .slight distance. fro t her permanent nmagnets,, or, .as i s shown
in Fi g?o@%mfﬂ‘ﬁgﬁ i $6T4R 2 Waﬁghﬁgﬁ%‘ﬁf’egﬁﬁﬂét Y connEding Ia&eis st ance
apart from other pernmanent nmagnets. Wen_ fl at square maghets are used, it
i s prefreelbinethis waie 1ippassie o FrajHRVeiGeCqily togckeranan bapts e3¢ at el v
one third of the permanent nmagnet width. It is also possible to use a
conbi natdum asfarpentegnettd wdget s which Eire in contact with other nmagnets
~)and per mmnent magnets which are a slight distance away from ot her magnets
or per maneNbte tiegéhsthehalodve aighith anpd edetle enbedindéstsgrcenapiss Weoen ot her
magnet s.

described of when each of the permanent magnets was positioned in contact

with other permanent magnets, however, it is also possible to position each

permanent magnet adjacent to (i.e. a slight distance from) other permanent

magnets, or, as is shown in Fig. 37, to position each permanent magnet a

predetermined distance apart from other permanent magnets. When flat,

square magnets are used, it is preferable if the gap between magnets is not

more than approximately one third of the permanent magnet width. It is

also possible to use a combination of permanent magnets which are in

contact with other magnets and permanent magnets which are a slight

distance away from other magnets or permanent magnets which are a

predetermined distance away from other magnets.

Moreover, in each of the above eighth and ninth embodiments,
descriptions were given of speakers which output sound when current is fed
to a coil, however, if induction current is supplied to a coil and a vibrating

membrane is vibrated according to Fleming’s right-hand law, the speakers

can also be used as microphones.
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)

Moreover, in each of the above eighth and ninth enbodi nents, descriptions
were given of speakers which outptit sound which current is ﬁep ﬁ goi |,
however, if induction current is supplied to a coil and a vi rathtrG 8
menbrane is vibrated according to Flem ng's right-hand | aw, the speakers
can al so be used Lis mcrophones. 7 11 DEC 2003 Further, in the exanple

descri bed apove, a plurality of per. ent magnets were each independently
posi t i onedF UREhER AP tfheseai%ma%%ﬂﬁgﬁlggai%o.ovesa pf raihgyaa?wrwgg%ﬁ e to knead
a magnetic powder 130 into a plastic or rubber to form a plate-shaped
nmenber mEeEts werg ahch yndeppedemtigmositagadt boplexcedas is sbawarin Wilgh each

ot her, adjacent to each other, or a predeterm ned distance apart from each
ot her &8g¢ it izenlsbopoedbhytd Gaahd potagnatat powdeyr 3@ metd aiplgstiberagneti c
powder of predeterm ned areas of the plate-shaped nenber 132 in

al t er ngfibBer o M PPARLEhAped mhémberal 39, ARsleshhheof per@ahentn | ocal
pol ari zati on on a pl ate-shaped nenber made from a magnetic material such

as irop neeggﬁalé'bg& iﬁ%oﬁ‘ﬁgk?ufiﬁ{ Eaahiser Ad C'e‘}gstott oot Re! ari ties

arc arra i'na nmatriXx pattern. [n cases si ese, prfo uction is
per | maREHE REBRACE JinGufisBeAfh J5RAsb (Rt R ERRsine BRABHH Do’ 1 ¥ The
oo VPHERHAE T BoymaBeR i Coc FghRA R BE N G AT SRfe Lhod
between a pair of vibrating bodies, the affect is achieved that the
Uhi cknisspltervaprdmemhesti R e anranstiong At pokarticds ibalsade stil
t hi nner. Moreover, because magnetic flux travels in a. direction
subst apessiblesto parfairirelodad polerizatipatdmg mehbshapeduntadecramadenzonagnet i ¢
X tert ?;/aeélllgt?c material such as iron or the like so as to form a base in which

the S and N polarities are arranged in a matrix pattern. In cases such as

these, production is simplified because there is no need to position each of

the plurality of permanent magnets independently.

As was described above, according to the present embodiment,

because a first magnet and second magnet are mounted to a vibrating body

or a first magnet and second magnet are sandwiched between a pair of

vibrating bodies, the affect is achieved that the thickness of the flat acoustic

conversion device itself can be made still thinner.

Moreover, because magnetic flux travels in a direction substantially

parallel to the vibrating membrane surface and the magnetic flux traveling

in a direction substantially parallel to the vibrating membrane surface

interlinks in the first coil and second coil, when current is supplied to the

first and second coil, the direction of the force which the current receives

from the magnetic field is substantially perpendicular to the surface of the

vibrating membrane. Force in a direction along the surface of the vibrating
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in a direction substantially parallel to the vibrating menbranpe, surface
interlinks in the first coil and second coil., when current i Jsmﬁ}ﬁpﬁ i2688 t o
the first and second coil, the directlon of the force which the current
receives fromthe magnetic field is substantially perpendicular to the
surface of the vibrating, nenbrane. Force- in a direction along the surface
of the vibrating 88 DEC 2003 nenbrane is extrenely small so that the

ef f ect memdpeaeisEAtramchopswll sotahine slieghipebtagcdedaiiarisfe sound
quality can be unproved. Mreover, if a plurality of first nmagnets and a

pl ur al cbynpénersoran eagrbicedard pbsi sawonbduiality omt betmpovedn either a
predeterm ned di stance apart from each other or in contact with each

ot her, nor afsm@vet sifecaplibelitproivirdetnifrastswhed abpluradign el segoadar ranged in
paral l el and the nunber of coils can also be nmade to match the nunber of

magnet m&gn@@%ﬁ%@%rﬁd 4 thRbsx Pfatié?fﬁ ditidies ptdergnsied dieaatere, the

effect 1 s obtal that the total l'ength of that portion of the coils

whi ch | i it e i n

pr opor %i E %ﬁ{ gllfo %%@Wguﬁﬁa%eogﬁgp ﬁ%{%clcltb‘& %tii)%r%é% (ﬁg%brlf gﬁg}%ccﬁlégdrb%}b% ﬁe coils
can be increased, thus jnproving the sound,conversi.on efficien a

F ot hePrPTIIEEVE R PETSBER BRARIES I artapch T RRcana S ok Sl B
enbodi ment of the present invention will now_ be described. . As is shown in
Fig. 3901$ gapnplsodag samde fe mathethe nvpbeyel MagREHerq7n BeoRdE fn a box
shape, a vibrating nenbrane 230 for generating external sound through

vi br at onltipla@f dhe auyobeaof myagne tsh Thiesefpres gra eldectmsmirtateed shabtihted on

~.the frame 21.0. As is shown in Fig. 40, the frame 210 is provided with a
Jconcavtotal length of that portion of the coils which interlinks with the magnetic

flux can be lengthened and the proportion of the surface of the vibrating
membrane occupied by the coils can be increased, thus improving the
sound conversion efficiency and further improving the sound quality.
{Tenth embodiment])

The tenth embodiment of the present invention will now be described.
As is shown in Fig. 39, in this embodiment there is provided a frame 210
formed in a box shape, a vibrating membrane 230 for generating external
sound through vibration, and an edge 240 by which the vibrating
membrane is mounted on the frame 210.

As is shown in Fig. 40, the frame 210 is provided with a concave
portion 211 on which are placed a plurality of permanent magnets 220, a
mounting face 212 which is parallel with the bottom surface of the concave
portion 211 and is provided so as to close off the open end of the concave
portion 211 from the open end of the concave portion 21 1, and an upright
wall 213 provided at the outer edge of the mounting face 212 extending in a

vertical direction from that surface.

89



portion 211 on which are placed a plurality of permanent magnets 220, a
nmounting face 212 which is parallel with. the bottom surface df1tbp cg@gﬁve
portion 211 and is provided so as to close off the open end of the‘go e
portion 211 fromthe open. end of the concave portion 211., and an upright
wal | 213 provided at the outer edge of the nounting face 2 12 extending in
a vertical direction fromthat surface. 9 1 DEC 2003 The, cqncave portion
211 conpri $BE GPTISAYE DOTAIGRhZEA GUIMPRSEEG PBRT <ddr Madeh df t’flﬁgj%%ve
portion 21 1 and on which are placed pernmanent magnets 220, and a

per i pheusfaceadfl th2l&orstavecportiory 2{lHeabdsm vhich &gl plegedtperosapenranent
magnets 220 forned in a substantially rectangul ar parall el epi ped shape are

ar r angfthgrivta 000, Axd Papéepheral WaHAR! Birfedndirst tneaapd@ 14.f r om each
ot her on the base 214. Specifically, as was described in the first to ninth

embodi ment g, 1835 PEF gﬁﬂ%&he@ﬁ%sgn_e?@%b%?ﬁféd irppeghstabiliase 214 such

that the polarity facing the vibrating nenbrane of a permanent magnet 220
is differ ri i i br.at i ng: of per manent
ragnet $350eal S But R BBl aplalr ey ed P e o the. N
pol e of the permanent, magnets 220 in.the vicinjty of er . | wal l
215 paEEEéQEtFEWGJ%% d?ﬁ‘@nﬁ AR LM qaah o‘%e;sr ?I&tbgé’ t iﬁﬁ %%)‘%lgl.ggggtause

t he peripheral wall_ 215 enclosing the _permanent ghets 220 .is provided in
this nasH@s destated m Hee Esikiegairgn eIﬁ*ﬁ’Qﬁé‘PﬁE‘F&f‘?{& PETPRDEHLIRAIRCENG ¢ he
magnetic flux can also be made to interlink at the helical cqils 231 at

the en2R0ad$ postiened anithy hasmh? dfe1pdl thandiepelaaityNacurs the sibradlet s and

-heodym um based magnets are used ) )
) membrane of a permanent magnet 220 is different from the polarity facing

the vibrating membrane of permanent magnets 220 adjacent to that
magnet.

The magnetic flux exiting from the N pole of the permanent magnets
220 in the vicinity of the peripheral wall 215 passes through the peripheral
wall 215 to reach the S pole. Because the peripheral wall 215 enclosing the
permanent magnets 220 is provided in this manner, there is no leakage of
magnetic flux to the outside and the magnetic flux can also be made to
interlink at the helical coils 231 at the ends of the vibrating membrane 231.
Note that NdFeB based magnets and neodymium based magnets are used
for the permanent magnets 220.

A single sheet of a sheet member 216 formed from é non-magnetic
material is adhered to thé surface of the permanent magnets 220 facing the
vibrating membrane 230. Accordingly, the base 214 is covered by the sheet
member 216 with the permanent magnets 220 sandwiched between the two.
The sheet member 216 may be made from a material having pliability and a

degree of porousness such as rock wool, glass wool, non-woven fabric,
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for the permanent magnets 220. A single sheet of a sheet nenber 216 forned
froma non-magnetic material is adhered to the surface of thd peppangis
magnets 220 facing the vibrating nmenbrane 230. Accordingly, the base 214
is covered by the sheet. nmenber 216 with the permanent magnets 220

sandwi ched between the two. The sheet nenber 2 16 may be nmade froma
material having pliability and a .degree of porousness such as rock wool,
gl ass wWEPRNE§ERARK e RTTEIS ik Ap aif Idpss Qﬁ)@?rgﬁﬁ%’r]&lé‘eﬂaﬁ’é&,{nﬁ?s the Iike.
An air |layer of a predeterm ned thickness is thus fornmed between the sheet
menber thue farmiedhbe twrdamathaghretrbremder 236 amHethehvibkatisg wempeang r | ayer
is preferably such that the vibrating nenbrane 230 cones into slight

cont ac23d. tihd tisickhees ofehbetir 2 pemizepreferblyi arcit that theerbilaeei80 is
vi brating at maxi num anplitude. A plurality of helical coils 231 each wound

in a heldedkrafgbapR) abfheJirtBOIB ALIRRSt SHER ARe Heck MReMid¥ral i Havii@abr ane
230. When the vibrating nenbrane 230 is nounted on the frame 210, the

cont r atHax PRI RERbralk oo Al Ll A BB eover  cach
coi & 231, ARG chpelise 899 Tl BaaBbe R L kEBs L bBeBEARRS ), Che "
Faces. disgareryen ore Holpear! o POTST BB PHoa LUSS ARCBA P Equare
shape corresponding to the rectanqul ar parallel epi ped shape of the,
magnet mempbrane 236kt Bounedyen faadm he: thooentarplieasd helirakepil 231
-facing a permanent magnet 220 of the sanme polarity is wound in the sane
)w ndi ng31dsrectiiionedWepstandiglyt abotey thé cendralertiamé sneneigereh 240hes
atter gglt'ﬁqay;it magnets 220. Moreover, each helical coil 231 is positioned so as

not to overlap with adjacent helical coils 231.

The helical coils 231 are wound in a shape substantially the same as

the outer edge of the surface of the permanent magnet 220 which it faces.

Namely, the helical coils 231 are wound in a substantially square shape

corresponding to the rectangular parallelepiped shape of the magnetic pole

faces of the permanent magnets 220. Each helical coil 231 facing a

permanent magnet 220 of the same polarity is wound in the same winding

direction. When the polarity of the permanent magnet 220 is different, the

winding direction of the helical coil 231 is also different. For example, when

the helical coil 231 is positioned above a permanent magnet 220 whose N

polarity faces upwards, the coil is wound in a right-hand direction from the

outer periphery towards the inner periphery thereof. If the helical coil 231 is

positioned above a permanent magnet 220 whose S polarity faces upwards,

the coil is wound in a left-hand direction from the outer periphery towards

the inner periphery thereof.
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wi nding direction of the helical coil 231 is also different. For exanple,
when the helical coil 231 is positioned above a. pernanent‘fﬁgﬁgg %ﬁ%
whose N polarity faces upwards, the coil is wound in a right-h

direction fromthe outer periphery towards the inner periphery thereof. If
the helical coil 231 is positioned above a permanent nmagnet 220 whose S
polarity faces upwards, the coil is wound in a left-hand direction from
the outer peraphsult, sdwar derraritesi nunepligte phehyhalinalawil 281, asaspEC 2003
As a result, when current is supplied to each helical coil 23 1, as is

shown isholhfin F@% 4Mettd dgettiion difthehrigent anvuter putiphepat pphgoak gfor ti ons
of adjacent coils is the sane. Mreover, adjacent outer peripheral

porti Oaajzﬁen &gléﬂfé {}Eegéaﬁf@. IMordhepPasajddan@ ltet B risiden girtioks bar ge

magnet | C ux escri bed above. Therefore, by connecting the helical coils

230 o Pag B Rbits 1 PRAZL BLonfh thE & ARPBrIAL 18O mAnIddl gnd parallel

connec Irec curren es| stance va to a

predet erm ned ,val ue. ,This.type of helical coil. 231 can formed. b
deposiSFﬁﬁjgegﬁ1 ‘Ebﬂ%t?ef b 6Wqﬂﬁ§QH5ﬁ%ﬁ#Wacﬁ%ﬁ%ﬁﬁﬁgﬁ2§bsgﬁ'Séﬁbhing
the thin copper filmso that it forns a coil shape. |nstead of .depositing
a t hi niepgpallel orgn aceppeation o sergl e M@ﬁﬁﬁ%}%‘é’fi@ﬂ“@%b%g&e%stead
of etching a conductive copper film copper plating my be lamnated in a
coi | shupentBxsisthsicecalucsian bgsetits a heedefeymingd Wallean i nsul ati ng
material. Note that. the vibrating nenbrane 2130 is formed froma high

pol ymer fThis ofpd bEhklikal eoit 2 3scanlhd furdecd pyl depduitiagea thiephpparat e, or
the like. The portion of the vibrating nmenbrane 230 where the helical

Jeoi |'s BB i ehe piaeethd meghbeiné DGlease dtdangndestHihropgerdilooasdithgt of

ceram c or resist epoxy based).
it forms a coil shape. Instead of depositing a thin copper film, a copper film
may be press adhered or bonded. Instead of etching a conductive copper
film, copper plating may be laminated in a coil shape. Each helical coil 231
is then covered with an insulating material.

Note that the vibrating membrane 230 is formed from a high polymer
film or the like such as polyimide, polyethylene terephthalate, or the like.
The portion of the vibrating membrane 230 where the helical coils 231 are

) placed is given increased hardness through a coating of ceramic or resist
{e.g., epoxy based).

As is shown in Fig. 39, the edges 240 are formed in a frame shape.
Specifically, the internal peripheral portion 241 of the edge 240 is the same
shape as the outer edge of the vibrating membrane 230 and is formed
slightly smaller than the outer periphery of the vibrating membrane 230.
The outer peripheral portion 242 of the edge 240 is larger than the outer

edge of the top end of the concave portion 211, but smaller than the outer

edge of the mounting face 212. As is shown in Fig. 40, a curved portion 243
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As is shown in Fig. 39, the edges 240 are forned in a franme shape.
Specifically, the internal peripheral portion 241 of the edgd R4IF( L0i03e
same shape as the outer edge of the vibrating nenbrane 230 and is forned
slightly smaller than the outer periphery of the vibrating nmenbrane 230.
The outer peripheral portion 242 of the edge 240 is |arger than the outer
edge of the top end of the concave portion 21 1, but smaller than the outer
edge ofis fmna@%nt‘ivﬁgn ftheénpen periphqgral pREUAN 44 IFpgd thl@,mateémag“l% tion
243 92 11 DEC ?003 is forned between the inner peripheral portion 241 and

t he outpartipar24meTht cupoed ipmrtidd2243he fonmeddrpor tirethas foamf or red from
uret hane foam synthetic rubber, or the like and is curved so as to have a

seni ci kgHkRétic rabbeshaP ek Gikesend 86 lduahed Wova o tipwaralsenticacudst,i cal
direction fromthe surface of the vibrating nenbrane 230. Note that, in

this ?)é?mh%peﬁh&os%%e\é?ﬁgﬂteﬁwnigl% %ﬁgrgirgsfiﬁrﬁgrt-idhl%i%@ﬁiﬁ%éﬂ e

sem ci rcular, arc shape, e forned I n a peak shape, as a
conti nuous serd es o ak sha i ther.: jnner
per pnepErcEar 5 Rbr85E PHENEne 230" NP el BSReEE eI hor i on
of the top surface of the vibrating nenbra 230. .The outer eripheral
porti ofY BPTHAR IRyl WIFG%IR A ?tﬁ‘nltﬁgﬁ’p%qrpl?ﬂ’é?@a& alf(hghthS’ B}éﬁd of
t he concave portion 211 by bei g% fixed fromthe top face,of %251 nount i ng
face 2Imaynlye be fyyaned in41peaih Fhiadse @St cPRERBOMS 98T ¢hHPEPERFSARGTe
vi brating nmenbrane 230 is fixed to the edge 240 while a predeterm ned
t ensi onr i sappd peldext shahe. vi brati ng nenbrane 230. The curved portion 243 of
the edge 240 is provided with a hardened portion 245 extendi ng across a
Jpr edet er mi Thd ianea pefrigheral gogtibnd?4 alofsihdesdges@4 Ohatiztdibt@ the owesaggi ng
of the curved portion 243 due to the |oad of the
edge portion of the top surface of the vibrating membrane 230. The outer
peripheral portion 242 of the edge 240 is fixed to the periphery of the top
end of the concave portion 211 by being fixed from the top face of the
mounting face 212 with a spacer 244 sandwiched in between. At this time,
the vibrating membrane 230 is fixed to the edge 240 while a predetermined
tension is applied to the vibrating membrane 230.
The curved portion 243 of the edge 240 is provided with a hardened
portion 245 extending across a predetermined area of the longitudinal sides
- so that there is no sagging of the curved portion 243 due to the load of the
vibrating membrane 243. The hardened portion 245 has a higher modulus
of elasticity than the other portions of the curved portion 243. Accordingly,
the amount of deformation of the hardened portion 245 due to external
forces is less than that of other portions.
When the edge 240 is made from urethane foam, for example, it is

manufactured in the following manner. Note that, as is shown in Fig. 41A, a

description is given below of the formation of a hardened portion in
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vi brating nenbrane 243. The hardened portion 245 has a hi gherﬂ‘rbtﬂﬁﬁﬂﬂﬂ@f
elasticity than the other portions of the curved portion 243. Accordingly,
t he amount of defornmation of the hardened portion 245 due to external
forces is less than that of other portions. Wen the edge 240 is nmade from
uret hane foam for exanple, it is manufactured in the follow ng manner.
Note that, as _is shown in Fig. 41A,  a description is given below of the

f or mat Emgsted, Rlatasapgsbreeirin e S 2003 el ongat ed, pl at e- shaped

uret hane foam 246. Firstly, as is shown in Fig. 41A one piece or plural
pi eces of Himtlyames isfsdmw4i Figr 44 Ahanrdepietepur phual ipseceaspel postdthron t he
central portion of the plate-shaped urethane foaTn 246 (i.e. the portion

Li sed fonrh@47 tdiea hardened pdreion @yup d érhehplcahersd papeibruotthane foam
246 and the piece of urethane foam 247 for a hardened portion arc

conpr eg&&(-!;s Lﬁéﬂ b SHRRY foGRTAEESE. Qe Firtich SHOM. ifSr T the HdRiedd@

pl at e- Shaped et hane foam 246 becones "a predeterm ned thickness. As a
ur ot nafe 35 FBl hE P aREERRA rc AR ORnE e b LB BB RRE o od por t1 on
nor endECEe e B B oA CBRECRPIBh ALt ORI Re AR Tiba
Pl at o- GHAEESSY T REF SHaTbER Higafh Brshe nate- STHEcHORIGbATGSEAT 24%r m t he
har dened portion) may be fornmed to I-lave a greater thickness. Even when
t he vibeeamng anprasteipemined ithigknaasedison rereliedhe derwithal g cenéradur ved
-.portion 243 in which the hardened portion 245 is forned as descri bed
. )above, potteore of vhd plare-sbaped Foean urbtlsame 2g0eiscnigherithem the other
portions creating a hardened portion 245.
Note that, if synthetic rubber is used, it is not possible to increase the
density of only one portion of the synthetic rubber. Therefore, as is shown in
Fig. 41C, the central portion of the plate-shaped synthetic rubber foam 248
(i.e. the portion used to form the hardened portion) may be formed to have a
greater thickness.
Even when the vibrating membrane 230 is mounted on the edge 240
having the curved portion 243 in which the hardened portion 245 is formed
as described above, the curved portion 243 can thus be prevented from
sagging due to the weight of the vibrating membrane. As a result, when the
vibrating membrane 230 is mounted on the edge 240, the vibrating
membrane 230 can be kept parallel to the surface Qf the sheet member 216
covering the surface of the side of the permanent magnets 220 which the
vibrating membrane 230 faces.

When current for a sound signal is supplied to the helical coils 231 of a

flat speaker unit having this structure, the direction of the current flowing
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saggi ng due to the weight of the vibrating nenbrane. As a result, when the
vi brating nmenbrance 230 is nounted on the edge 240, the vi bratﬂnb DEr#ioane
2130 can be kept parallel to the surface of the sheet nmenber 216 covering
the surface of the side of the permanent nagnets 220 which the vibrating
menbrane 230 faces. Wien current for a. sound signal is supplied to the
helical coils 231 of a flat speaker unit having this_structure, th?

di r ect itbrowgh eash higlicaheotl 1234 12 Dahowa wolg. ﬁﬁf &ﬂ@ﬁ%é[@\ﬁ EFGlacp ©
c(-)112~31 is as shown in Fig, 40. Nanely, the direction of the _current in
adj acenhe qutreen par affaealt quoet iperiplofrahgortionsi of ddjpiceat hedicks codgl is the
sane. At this tirne, according to Flcmng's right-hand law, a force F is

gener abed siHeCsurhs, Afuals fifheaRcepyding @ Fleetirgls righedcantdhigal focoel 23 1.
As a restilt, the vibrating nenbrane 230 is displaced |in a direction

perpeng‘ri% cHerh® \Qﬁic‘ﬁj{g@&&afi?xeéﬁczfgv%ﬁiéf})écﬂjﬁﬁeihaéddlghéﬁé@ﬁco‘ﬂ oghi.s tine,

the vi brating nenbrane 230°1s displaced in a direction perpendicular to

the suplacesLfr ROl viLam SLA06-Alc HONG PRLALLEL i aBiecustrf ace of the

oV ne surtacé of 't per manent magnets 220.
The result of this is that, regardless of which .location of the vibrating
nenbr aﬁérﬁ%dﬁcéltf%rak%ﬁ‘%§uﬂ?é:es'g§rrtepﬁ§“%r&fb¥tgeqq{gtlﬁgglénar omthe vibrating
menbrane 230 to the sheet nenber 216 can be .made the sanme and a flat wave
gener at ed. Atrthis time, the Fheatng memyanseas iseianaced il 8 SHITH©Borti on of
the edge 240 was thickened and the density thereof increased so as, to
f or m apehpenidivetamty thogurkge theresf ffom iabdtate fhaingiprrabishse theom t he
~Vibrating nenbrane 230 to the sheet nernber 216 always the sane. As a
Jresul t sutfaeeef the sheetuhstibray D16 tdowevinyr e é syriacreehhafRcin80 due to the
sound di stribution _
permanent magnets 220. The result of this is that, regardless of which
location of the vibrating membrane 230 is taken as the starting point, the
phase from the vibrating membrane 230 to the sheet member 216 can be
made the same and a flat wave generated.
Thus, in the present embodiment, because the central portion of the
edge 240 was thickened and the density thereof increased so as to form a
hardened portion 245, it is possible to make the phase from the vibrating
membrane 230 to the sheet member 216 always the same. As a result, there
is no twisting of the vibrating membrane 230 due to the sound distribution
of a phase difference between the vibrating membrane 230 and the sheet
member 216, and sound of a high quality with no noise components can be
output.
Furthermore, in the present embodiment, because the magnetic pole
faces of the permanent magnets 220 which have a high density are covered

by the sheet member 216, reflected sound from the sheet member 216 is

reduced, and noise generated by this reflected sound can be suppressed.
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of a phase difference between the vibrating irienbrarie 230 anc? Hh@Eghwﬁ

i nenber 21.6, and so-Lind of a high quality with no noi se conponents can be
output. Furthernore, in the present enbodi ment, because the nmagnetic pole
faces of the permanent magnets 220 whi ch have a high density are covered

by the sheet nenber 2 16, reflected sound frorn the sheet 1-nenber 2) H) is
reduced, arid noise generat ed by this reflected sound cart. e;gﬂe suppr essed.
9-15 DBEOTEOVGS Regaissiet eﬂé&ané%k%@mq has 3Pk &Y SNt eFRRSGh PEFW ey er

i nt erposed between the vibrating nenbrane 203 and t he sheet rnenber 216,

t he phélse vobrating memimane 0% enddita siedthmeshper 2hbnibe phissd of thale t he
sane and twisting of the vibrating nmenbrane 230 is prevented, Thus it is

possi bkguhel eufldeted faauntheodheethingliskiad 16)s rhlede theajarhbearhdtgéstigg porti on
245 of the edge 240 does not have to be forned in only one |location in the

centr abf PRk Rzﬁ}%tﬁi hhembeRgL il ﬂsaioré}e‘iiﬁéd ’frﬁelrsei@fls pO4sibastol Suien i n

Fig. 42, may be formed in several tocations. Furthernore, as is shown in

Fig. 4 S rne- shaped edge 240, an edge 240A, which is
for nedgo%hgn&g%gﬂ hcg‘lgﬂtghd whose outer periphery and inner peri phery are

| , i ded, Af. thi ti h d d
S rtion D %)twﬁ@tﬁé Begdracd portioniads b Bt eder At fbS holihalRu®ie’ o6 1 s
P Ao 3 ondy oai%lo%%%%'nﬂrﬁrlééeéﬁ?f% Torbon e A e O 2

Specifically, helical coils 231 arc provided on the upper surface of the
vi br at thegenbnbatres 2eshowahio Bigiet2,caydet farmed Angeyeprblpicationsn the | ower

surface of the vibrating
) Furthermore, as is shown in Fig. 43, instead of a frame-shaped edge 240,

an edge 240A, which is formed in an oval shape and whose outer periphery
and inner periphery are similar, may also be provided. At this time, a |
plurality of hardened portions 245 may be provided.

Instead of the vibrating membrane 230, as is shown in Fig. 44, it is
possible to use a vibrating membrane 230A which has helical coils 231 and
231A placed on the front and rear thereof. Specifically, helical coils 231 are
provided on the upper surface of the vibrating membrane 230A, while
helical coils 23 1A are provided on the lower surface of the vibrating
membrane 230A. The helical coils 231A are wound and positioned on the
vibrating membrane 230A such that the direction of the current in the outer
peripheral portions of each helical coil 231A is the same as the direction of
the current in the outer peripheral portions of the opposite helical coil 231
on the upper surface of the vibrating member 230A.

As a result, when current is supplied to the helical coils 231 and 231A,
in accordance with Fleming’s left-hand law, a force F’ (>F) acts on the

vibrating membrane 230A and the sound output can be increased.
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menbrane 230A. The helical coils 23 1A are wound and positioned oil the

vi brating nenbrane 230A such that the direction of the currdni phCctipa3out er
peri pheral portions of each helical coil 231A is the sane as the direction
of the current in the outer peripheral portions of the opposite helical
coil 23 1 oil the upper surface of the vibrating nenber 230A. As a.
result, when current Is supplied to the heI%c | coils 231 and 23 |-A, in
accor dance FMIEREENERE N E1G appve glsgcringd ey P&l@@nb- egeh PETHARERY, t he

vi brating nmenbrane 230A and the sound output can be increased. | i DEC
2003 Funagresin®2@, wis plaeechbovidiedaoninithegl facthddR ieiih, a pacAerarmimesht  magnet
220 was placed on the nounting face 212 with a predeterm ned distance

bet weedisaeltemgnaien davteveignét)devdaed| tkaemisodioteht s hed limited ibs. For
exanple, it is also possible to slightly increase the size of the

per maneRfs, NS %) iﬁ@a[&cﬁ‘?@sﬁil&?@ fRenghelydick s kidedostid ace 212
with no gap between magnets. 1n the abové enbodi nent, an exanpl e was

il g%gmn{aﬁze‘gﬁixgﬁgnwﬂ%i &n@%lé?c%@ﬁg%géné@eoﬁ?ﬁ Sﬁhtg?%ﬁﬁfrﬁac%zo wer e

covere et menber owever, It Is also pos e to use a
The snede oo BB n R Simgnet i ¢ pol e faces of the permanent
Note-that . T #hF HOHBVEDBTBRP ARt ARV PRCIGR RS B YAROBT & flar
speaker whi ch out puts sound when current is fed to the helical coil 231,
howevemagrietiqpole faggs@frthenpermaseppmagnets 22 weaei eaierediwith®a and t he

-')vi brating menbrane 230 is vibrated according to Flen ng'-s ri ght-hand | aw,
t he speh&er meanbat 2d thdrayepwras ia aliserppisdple. to use a non-magnetic

member such as plate-shaped plastic or the like instead of the sheet

member 216 so that the magnetic pole faces of the permanent magnets 220

and the surfaces between magnetic poles are the same surface.

Note that, in the above embodiment, a description was given of a {lat
speaker which outputs sound when current is fed to the helical coil 231,
however, if induction current is supplied to the helical coil 231 and the
vibrating membrane 230 is \.ribrated according to Fleming’s right-hand law,
the speaker can also be used as a microphone.

By providing the speaker edge according to the present embodiment
with a curved portion comprising an elastic member having a curved
portion between an outer peripheral portion and an inner peripheral portion
thereof and by providing a high elastic modulus portion having a higher
modulus of elasticity than that of-the surrounding portions in at least one
portion in the longitudinal direction of the curved portion, the amount of

deformation of the high elastic modulus portion from external force can be

reduced and, regardless of the size of the vibrating membrane, the vibrating

97



By providing the speaker edge according to the present enbodingn{ with a
curved portion conprising an elastic nenber having a curved p ilinC 2003
bet ween an outer peripheral portion and an inner peripheral portion

t hereof and by providing a high elastic nodulus portion having a higher
nodul us of elasticity than that of 'the surrounding portions in at. |east

one por ninthe longitu Ldir ction of the cury orti.on, the
] < Mol TR BBTagE G RE RO PRAT R QNG GRS RYGREPBORETN: fodh ext er nal
force can be reduced and, regardless of the size of the V|br€%;n
menbr aﬁésulthﬂlwﬁ}raﬂn@gmmbrmgmet% st JrRY Wit hBo T@ERout
causi ng any sagging thereof. As a result, the vibrating nmenbrane outputs a

flat wavel ailtighrpiglityssownd foamehe®utand. a hi gh qual ity sound can be out put.
By providing a speaker edge in the flat speaker unit according to the

present enBydbriading & lspralder\eribepier thoflaceppaks ngitacebaiihgcomgrber
having a curved portion between an outer peripheral portion and an inner

per i phg;‘fé‘éerﬁoéﬁa'bgﬂlﬁllé%rt@ﬁfthaz{‘éup‘%d %&'ﬁbﬁgcérhﬁrﬁ'i@g' B ofhstRf gef@béon from
extern force in at least one portion in the |ongitudinal direction of the

curvedy t?&frfé 8’1:ur‘v% ?&g@?'b?}:ﬁ?éﬂ ﬁbﬁté#ﬁ?ﬁp%%i &tﬁ@xﬁ"%&ﬂ“ﬁg%‘i‘xe&he base

subst an ara I'mes even e Vi ratl n rane is |large
or has _an eIo ated ape. resul t .of hIS ' beca S8 4l becones
poss: ope PSR TR B st Ak s ol e BEARD gtig
AR YR S RN L N Y A R T )
)P A S arved portion, it is pessible to make tarPeoxYl%rZ%eg“I%@n?QPfSé and the base
substantially parallel at all times even if the vibrating membrane is large or
has an elongated shape. The result of this is that, because it becomes
possible to support the vibrating membrane without causing any sagging
thereof, a flat wave having no phase differenice can be output and a high
quality sound can be output.
The edge described in the present embodiment can also be suitable
applied to the above seventh embodiment:
In each of the above-described embodiments, examples using the
vibrating membrane are described. However, instead of the vibrating
membrane, a vibrating plate formed of a plate made of aluminum, a phenol
resin-impregnated paper, or the like may be used. Further, in the above-
described embodiments, when the permanent magnets are disposed so as
to contact one another, it is preferable for holes, which allow the passage of
sound, to be formed at the portions at which the corner portions of the four

permanent magnets contact one another.

(Eleventh embodiment)
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In each of the above-described enbodi nents, exanples using the vibrating
menbrane are descri bed. However, instead of the vibrating nenprane, a
vibrating plate formed of a plate nmade of aluminum a phenol ' DEC 2003
resin-inpregnated paper, or the |like may be used. Further, in the above-
descri bed enbodi nents, when the permanent. nagnets are disposed so as to
contact ong,anqther. it .is..preferahle for holes,. .which allowthe passage of
sound to bgﬂhpoéiﬁ’é‘?@t ewdﬂ%}eﬂto%ét PSR 1??{@@8%‘@{11 B&“{ ggns of the four
per manent nagnets contact one another. (Eleventh enbaodinent) 9 $1 .1 DEC
2003 TARESeNBGEn{E I8 M enti 18 4ondhe dled speakernumt i AhGi PIESEBl be
described. As is shown in Fig. 45, the flat speaker unit of the present
enbodi esriiodisnaunist sarttedcfadoinoan fa hxtt YrsseS8Comoppsing agestarguargul ar

pl at e-shaped nmenber made froma nmagnetic material, a non-magnetic sheet

menber phehetvaped phéabel irhydaditbm degigeettd npotepizdpasson-suafnaticr ock  wool ,
gl ass wool, non-woven fabric, Japanese paper, or the like, and a second

base 54h08 MeinsBec9DIURLAL DIRNALIBY aﬁacme%r'@&eoisﬁtﬁ%m,c kueB d$rock

i nterposed between the first basé 50 and The second base 54, and the First

base SGpplBaSlSEoITRERSroREn AR MRrReRaRt e Al raTMR Gt oget her

i ntegra . s shown I'n ari‘t gnetic pol e faces and N
B or niorgt pesf deof B ane By a BlR EmaliSad TR SRR MRS i S0 1 o
D 11 GHETRPYKLBITERN A HBE brsicrd PR enBedAih PEEre et e Heich a5
) R 507 he Sheat member 82, and the second base 54 afe mounted
together integrally.
As is shown in Fig. 46, S polarity magnetic pole faces and N polarity
magnetic pole faces are arranged in a matrix pattern so as to alternatingly
face upwards by local magnetization. A circular hole 50A is punched at each
position where four magnetic pole faces come in contact.
In addition to the pliable sheet made from a non-magnetic material
such as that used for the above described vibrating membrane, a
lightweight, hard board such as a balsa material or the like can be used for
the second base 54. In addition to the coils formed in a helical shape which
were used in each of the above embodiments, as is shown in Fig. 47, the
conducting members provided on the second base can be formed from
conducting wires 56 provided at positions where the magnetic flux
interlinks, namely, along positions corresponding to the boundaries of
adjacent magnetic pole faces. These conducting wires are formed from

either one or a plurality of conductors and are positioned such that the

direction of the current flow and the direction in which the magnetic flux
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,

ht wei ght, hard board such as a balsa material or the |like can he used for
the second base 54. In addition to the coils fornmed in a helieph EE@pgm%%
which were used in each of the above enbodi nents, as is shown in Fig.

the conducting nmenbers provided on the second base can be fornmed from
conducting wres 56 provided at positions "here the magnetic fl ux
interlinks, nanely, alon osjtions rr espqndi to the boundaries of

i aceiCHpRETE et RS thoeean AT i e aPEe ROTREd £ om

ei ther one or a pluralit¥ of conductors and_ are positioned.such that the
di r ect suhstHANtialdy parplat te thorand snelageddbiedirstrbags exerlekeagids ¢ 1 ux
cqg 91 1 DEC2G33 interlinks are the sane on the second base. Therefore,
magnet confliigkingswihrssantially parallel to the main surface of the first base
interlinks in the conducting wires. Because the direction of the current

flow and tBecguik€tht @irddtiombLthé barrdiBdhel keid thixdiretebhiinkshidletihbe sane,
when current is supplied to the conducting wires in which magnetic flux is

inter| Hﬂgﬂaic h{iR iBYEARDES ]gg%egsarﬁ@,rwah digepRRE UetdgiEdMd Bisei s aff ected

by force Tromthe nmagnetic ux in the sanme direction. Therefore, the

first h . L i
t oget et HE AR S ARG o BRlerRbie AR s iR T000RE A Cuntentt RealEe

he. seRURMETALEE GPRRRCDr B S ATCIEN A HOEE Ot Pie EHie 37 TL fhee 1o a
The. settnaamiscdirerHian,d NsSRiagpdn D70t Dast BiatFRg et gRaNSeTad B gh |

)out put sound can be generated. A box housing, board, snow board, or

cal endéte senesid base §% vibrrin teeethesiningaaby afidadkdavave potly soyplase f oam
pl astic, alum num FRP, plywod )
difference is output from the speaker unit of the present embodiment.

By adhering the surface of the second base of this speaker unit that
does not face the first base to a member capable of vibrating made from a
non-magnetic material larger than the second base, the member capable of
vibrating resonates and a high output sound can be generated. A box
housing, board, snow board, or calender constructed from wood,
corrugated fiberboard, polystyrene foam, plastic, aluminum, FRP, plywood
or the like can be used for the member capable of vibrating. Further, the
member capable of vibrating, of the speaker unit, may be mounted to a
member larger than the member capable of vibrating, such as a ceiling, a

floor, a wall, a unit-bathroom, a show window, or the like.
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or the like can be used for the nenber capable of vibrating. Further, the
menber capable of vibrating, of the speaker unit, may be nounte Tt OEL 2003
menber | arger than the nenber capable of vibrating, such as a ceiling, a.
floor, a wall, a unit-bathroom a show wi ndow, or the like. 100 1 1 DEC
2003 WHAT IS CLAIMED IS: 1. A flat acoustic conversion device conprising: a
first magnet disposed so that a first nagnetic pole face is substantially
parallel to a predeterm ned surface; a second nagnet disposed adjacent to
or in conpagdt wicdihibe i rst mgnet such that a second magnetic pole face
having a polarity different fromthe polarity of the first nmagnetic pole
face is substantially parallel to the predeterm ned surface and faces
towards the same side as the first magnetic pole face of the first magnet;

a vibrating negagracdiSRRsAErsich @@;Cte%fn?ﬁ@ng;omar ds the predeterm ned
surface; a first coil which is helically wound and is di sposed such that

magnetic flux afilt @bgrietdRpbdedao @R biitsd maghetichich ey igitiganiBIRORIaléhi ch
corresponds to the first nagnetic, pole face, and a second coil which is

hel i cal | ytowngragbtemnthddsudaeposed such that nagnetic flux interlinks in a
position on the vibrating nmenber which corresponds to the second nagnetic
pol e face, whes secondumagasat difposes adjiacenh® admeordactadthitiosfilshmagnedsticton of t he
first coil which is adjacent to the second coil and in a portion of the
second coihkt avbdoohd mMegeelicaodfiace bavirigea pdlants tifferent frord the/pdidrigyt ofdiomtast i ¢
conversion device conprising: a first nmagnet disposed so that a first
magnet i ¢ pagnetit pole fase 43 substantipliy paraliphitathee predetermingst edréacerandniadesur f ace;
towards the same side as the ﬁrst'magnetic pole face of the first magnet;
a vibrating member disposed so as to face towards the predetermined surface;
a first coil which is helically wound and is disposed such that magnetic flux
interlinks in a position on the vibrating member which corresponds to the first magnetic,
pole face, and
a second coil which is helically wound and is disposed such that magnetic flux
interlinks in a position on the vibrating member which corresponds to the second
magnetic pole face,
wherein current flows in the same direction in a portion of the first coil which is

adjacent to the second coil and in a portion of the second coil which is adjacent to the

first coil.

2. A flat acoustic conversion device comprising:

a first magnet disposed so that a first magnetic pole face is substantially parallel
to a predeterminrd surface;

a second magnet disposed adjacent to or in contact with the first magnet such

that a second magnetic pole face having a polarity different from the polarity of the first
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a second magnet di sposed adjacent to or in contact with the fjrst _nmagnet
such that a second magnetic pole face having a polarity diffedeBECt 28 t he
polarity of the first 101 1 1 DEC 2003 magnetic pole face is substantially
parallel to the predeterm ned surface and faces towards the sane side as
the first magnetic pole face of the first magnet; a vibrating nenber

di sposed so as to face towards the predeterm ned surface; a first coi
which is helical wound and is disposed such that magnetic flux interlinks

in a posi tiQBRetRNpdid facd! 0 dbitA%tiNF rﬁgl%fltlal"\’@i iy ﬁ?é?fefe‘?ﬁl{ﬂ.@@%l%ifé& LR bk St

magnetic pole face: and a second coil which i1s helically wound and is

di sposed g th@barBaBE hi %efﬁré{%agh@ﬁcﬁﬂlé akSofithe ArsPRSIHON on the vibrating
menber which corresponds to the sécon magneti c pol e face, wherein when

the coil W ndi B@ibehting flentas dikpeaay kb as Rk tolkBFds PREFrEéddterntime duffaed;
peri phery of the first and second coils are different fromeach other,

ei ther the i nnerfirstp&ili yakied ¥ BélicBiN@o@id bmeisf Hisgdsed el e NHadietit flus
connected to the outer periphery of the other of the first or second coil,
or the i nimaxinxelin §pesificnsonothe Dibtdling reniber @hicRborepoadsdo titoiirkiSmagreticonnect ed
to each other and the outer peripheries of the first and second coils are
connect edptle faaacindot her. 3. A flat acoustic conversion device conprising: a
first magnet disposed so that a first magnetic pole face is substantially
paral l el to aapeendicei whitbds belicilyowqund apd dodidpasadseth thekpegretdic fidx acent to
or in contact with the first magnet such that a second nagnetic pole face
havi ng a [stariinketiy adpeditianeen the wikrating meyhkari whicho tondsgondsy tot thensggaed i ¢ pol e
face is substantially parallel to the predeterm ned surface and faces

t owar ds t MagRaligPolgifee. as the first magnetic pole face of the first magnet;

a vibrating nenber disposed so as to face towards the predeterm ned
surf ace: wherein when the coil winding directions from the outer periphery to the inner

periphery of the first and second coils are different from each other, either the inner
periphery of one of the first and second coil is connected to the outer periphery of the
other of the first or second coil, or the inner peripheries of both the first and second
coils are connected to each other and the outer peripheries of the first and second coils

are connected to each other.

3. A flat acoustic conversion device comprising:

a first magnet disposed so that a first magnetic pole face is substantially parallel
to a predetermined surface;

a second magnet disposed adjacent to or in contact with the first magnet such
that a second magnetic pole face having a polarity different from the polarity of the first
magnetic pole face is substantially parallel to the predetermined surface and faces
towards the same side as the first magnetic pole face of the first magnet;

a vibrating member disposed so as to face towards the predetermined surface;

a first coil which is helically wound and is disposed such that magnetic flux
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a first coil which is helically wound and is di sposed such that magnetic
flux 102 11 DEC200 interlinks in a position on the vibrating i
corresponds to the first nagnetic pole face; a second coil V\nﬁlmgﬁjﬁwﬂﬁg
helically wound and is disposed such that magnetic flux interlinks in a
position on the vibrating nmenber which corresponds to the second nagnetic
pol e face, wherein when the coil w nding directions fromthe outer

peri phery to the inner periphery of the first and second coils are

di 1 er ent inkdriis §0& BoSidhedn th&LibRBihg MRRbEPRREL cRFIhBEMY 1R firdNRadiktid e first
or second coil is connected to the outer periphery of the other of the
first or ggeepd. coil, or the inner peripheries of both the first and second
coils are connected to each other and the outer peripheries of both the
first and secop@ecdh@icod which iCRENIBARLAAINE AN A s s sucththambgrdtic aeoUSt i C
conversion device conprising: a first nmagnet disposed so that a first
magneti c pedihkbasa pssitubei &Rt vidlatiyg Pedneddr @hicH Gorfespoidetoethdl segdngsur f ace; a
second magnet di sposed adjacent to or in contact with the first nmagnet such
that a semegekctivpgledidec pol e face having a polarity different fromthe
polarity of the first magnetic pole face is substantially parallel to the
pr edet er mi ned whertiacehearibe teibwinding aivectss frhm thewetes peiphay bhbe frinest

magneti c pole face of the first magnet; a vibrating nmenber disposed so as
to face tpatiphey of ke fiisbdrd egavnd edilsanef different feonf paclht otbei, leithditdrinner hel i cal |y
wound and i s di sposed such that magnetic flux interlinks in a position on
t he vi br apsripgenretisae ohMfiechistcd rseeansboerils's connestedftp tha owagprstrhery ghdtee f ace; a
second coil which is forned in a helical shape wound in the opposite

di rect i onetheroofithe first P secepd (coih iy thes inaps pryipbaries eftPoth e firgandtsesond ux

interlinks in a position on the .
coils are connected to each other and the outer peripheries of both the first and second

coils are connected to each other.

4, A flat acoustic conversion device comprising:

a first magnet disposed so that a first magnetic pole face is substantially parallel
to a predetermined surface;

a second magnet disposed adjacent to or in contact with the first magnet such
that a second magnetic pole face having a polarity different from the polarity of the first
magnetic pole face is substantially parallel to the predetermined surface and faces
towards the same side as the first magnetic pole face of the first magnet;

a vibrating member disposed so as to face towards the predetermined surface;

a first coil which is helically wound and is disposed such that magnetic flux
interlinks in a position on the vibrating member which corresponds to the first magnetic
pole face;

a second coil which is formed in a helical shape wound in the opposite direction

to the first coil and is disposed such that magnetic flux interlinks in a position on the
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t0, vibrating nmenber which corresponds to the first magneti c pole face, and
which is provided at a position on the vibrating nenber overHaPpiwg mﬁ%h
t b ]

the first coil, and whose inner peripheral end is connected
peri pheral end of the first coil; a third coil which is fornmed in a helical
shape wound in the sane direction as the second coil, and which is

di sposed such that magnetic flux interlinks in a position on the vibrating
menber which corresponds to the second magnetic pole face, and whose outer

per i pher al;,ef COInfenﬁﬁ%??ﬁ%he%rFegﬁg@quttﬁé fps?rrh Eﬁ lpoi@nfgcé)f dnbh\‘r?:hér‘??so”d coil;

and a fourt I's for in a helica ape wound in the sane
di recti onp@sided B af bdsitfon & the \%}Qtfﬁ@hh‘éﬂbbﬁo@rngﬂﬁﬁ%tﬁutﬁ@ firfadoil MGNet i ¢ 1 ux

interlinks in a position on the vibrating nme whi ch corresponds to the

second rraﬂﬁ@éel.ﬁne@%@pﬁea&end @%nr\@&te@ho ah fnBY ipﬁ&gléfdo?tﬁécﬁiéttcbﬂ)n on the
vibrating nenber overlapping with the third coil, and whose inner

peripheral enda kirdCRNMihasl fdrdedlih b NBRJal BRipeRinalin 8RCGkaRfe diRgtidmag d coi | .
5. The flat acoustic conversion device according to claim4, wherein the

first coitheisecorarévij sietwhich Bndispoged awoh thit rhighetic BbaintafhkeBhbsiagrd t he
second coil is provided on the other surface of the vibrating nenber and

t he i nneropéte yhetied mentbeoivhicheosesponds tothe sepass amghdticquuggh facheand br at i ng
menber and connects with the inner peripheral end of the first coil, and

t he thi r dwbasel outes pprigheral @dd éncanhected foem aurrfpeiehandl entef thelseaendngpilmenber and
the fourth coil is provided on the one surface of the vibrating nenber and
t he i nnerandoeri pheral end of the fourth coil passes through the vibrating
menber and connects wth the inner peripheral end of the third coil. A

flat acoustic @wibcal whichéforeectismorelisd shareaweundgn theetame digicigivaed so t hat
a first magnetic pole face is substantially parallel 104 1 1 DEC 2003 to a
pr edet er mhAdiEpt Saif fang exhich is disposed such that magnetic flux interlinks in a position on

the vibrating member which corresponds to the second magnetic pole face, and which

is provided at a position on the vibrating member overlapping with the third coil, and

whose inner peripheral end is connected to an inner peripheral end of the third coil.

5. The flat acoustic conversion device according to claim 4, wherein the first coil is
provided on one surface of the vibrating member and the second coil is provided on the
other surface of the vibrating member and the inner peripheral end of the second coil
passes through the vibrating member and connects with the inner peripheral end of the
first coil, and the third coil is provided on the other surface of the vibrating member and
the fourth coil is provided on the one surface of the vibrating member and the inner
peripheral end of the fourth coil passes through the vibrating member and connects

with the inner peripheral end of the third coil.

6. A flat acoustic conversion device comprising:

a first magnet disposed so that a first magnetic pole face is substantially parallel
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a second magnet di sposed adjacent to or in contact with the first magnet
Such that a second magnetic pole face having a polarity difféerénpg{r20p3t he
polarity of the first magnetic pole face is substantially parallel to the
predeterm ned surface and faces towards the sane side as the first
magnetic pole face of the first magnet~ a vibrating nmenber provided with a
coil placenent portion and having a coil which interlinks with nmagnetic
flux fromthe first and second magnets di sposed on the coil placenent

portion, @& hQesiBehiigRehcd or housing the coil and the vibrating menmber
together-, and a pliable supporting nenber for envel oping the coil

pl acement portjQBAcd hdlfet Mibptisad alEcdmR D6 inlcogBithath the Filkt Agn&@uth and
t her eby supporting the coil placenment portion of the vibrating nmenber

t oget her at & sédoRd Gtighetitisole fab@halittEa pOlbkity BIfRFEAIRGH thedPdaritPBf thé filshe
vi brating nenber is capable of vibrating together with the coil w thout the

coi | pl acpagdticld f48 i©fsubdigntivilb patiid) o MRTPRdeRMinéd 8utael arebfaceg i nto
contact with the inner surface of the housing nenber. 7. A flat acoustic
conver si ofowdaisitiiesanangide a4 g firsamfagnetic pogaet of dhesfpsiseshnety t hat a fir st
magnetic pole face is substantially parallel to a predeterm ned surface; a
second nmagnet alivibpaiisg dinexdpaa peoidedowitir a icail planeraent poirtion ardehdvingsz coihgnet such
that a second magnetic pole face having a polarity different fromthe

pol arity which fn¢erfiksstith mammetic flux fooh ¢hef frsteandssegerissmagneitsadiibgosgdoaltheel to t he
predeterm ned surface and faces towards the sane side as the first

magnet i ¢ gl ptackment pefitianhe first magnet: a vibrating menber di sposed so as
to face towards the predeterm ned Surface-, a first coil which is

hel i cal |y woun@heysing rsenpeyferdwnsing the cofhged g yibesting niember togsther enth EG 2003
interlinks in a position on the vibrati n%_ rner nber which corresponds to the
first magnetic?P le, syppeding Jpgmber for enveloping the coil placement portion of the

vibrating member together with the coil and thereby supporting the coil placement
portion of the vibrating member together with the ceil such that the coil placement
portion of the vibrating member is capable of vibrating together with the coil without the
coil placement portion of the vibrating member and the coil coming into contact with the

inner surface of the housing member.

7. A flat acoustic conversion device comprising:

a first magnet disposed so that a first magnetic pole face is substantially parallel
to a predetermined surface;

a second magnet disposed adjacent to or in contact with the first magnet such
that a second magnetic pole face having a polarity different from the polarity of the first
magnetic pole face is substantially parallel to the predetermined surface and faces
towards the same side as the first magnetic pole face of the first magnet;

a vibrating member disposed so as to face towards the predetermined surface;

a first coil which is helically wound and is disposed such that magnetic flux
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a second coil which is helical wound and is disposed Such that magnetic
flUX intedinks in a position on the vibrating nenber which corresponds to
the second magnetic pole face, wherein a plurality of rowslof RgnEpg with
each row conprising alternating first and second magnets in a first
direction are positioned such that the first and second nmagnets alternate
in a second direction which intersects the first direction. The flat
acoustic conversion device according to claim4, wherein a Plurality of
rows of MRENEHE i bBsIRACH the WpRARE ebRBwALH 85 mabbm & ietrstansgragsond
rnagnets in a first direction are positioned such that the first and
second maghetsedbdernate in a second direction which intersects the first
direction. 9. The flat acoustic conversion device according to claim®6
wherein a pl ur glgekshdoil WHhSs BblidEREBEIE avd fsligRedd BN BATRAIrRS Bux
alternating first and second magnets in a first direction are positioned
such t hat intdinkiin g pagisbns &€ ahied viBREGAS trser@ber e EorrdbpandsSRCHBGsedbiicCt i on
which intersects the first direction. MA flat acoustic conversion device
conpri si ngiageeticiportfagegagnet di sposed so that a first nmagnetic pole face is
substantially parallel to a predeterm ned surface; a second magnet

di sposed adj acehéreinca maralitn oLrowt at magndthwitiheadhi rowtcompusiad aleoeding filsht a
second magnetic pole face having a polarity different fromthe polarity of
t he fir st andregpoed inmgpetsén bdcs , direstioBLArs pasitioreld| spcip &hak theclirst andt $egond
predeterm ned surface and faces 106 | '1 DEC 20U3 towards the sane side as
t he fir st maaopieaiiaingieine segord dfectigrewhich intersagtyribe firskdisectionat i ng nenber

di sposed so as to face towards predeterm ned surface; a first coil which is
helically wound and is disposed such that magnetic flux interlinks in a

position on the vibrating nmenber which corresponds to the first nagnetic
pol e f ace8 andThe flat acoustic conversion device according to claim 4, wherein a plurality of

rows of magnets with each row comprising alternating first and second magnets in a
first direction are positioned such that the first and second magnets alternate in a

second direction which intersects the first direction.

9. The flat acoustic conversion device according to claim 6 wherein a plurality of
rows of magnets with each row comprising alternating first and second magnets in a
first direction are positioned such that the first and second magnets alternate in a

second direction which intersects the first direction.

10. A flat acoustic conversion device comprising:

a first magnet disposed so that a first magnetic pole face is substantially parallel
to a predetermined surface;

a second magnet disposed adjacent to or in contact with the first magnet such
that a second magnetic pole face having a polarity different from the polarity of the first

magnetic pole face, is substantially parallel to the predetermined surface and faces
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a second coil which is helically wound and is di sposed such that magnetic
flux interlinks in a position on the vibrating menber which corresponds to
the second nmgnetic pole face, wherein at |east one of thelfi m$q~?F@?et
and the second magnet has a plurality of types of shape. 11. Th

acoustic conversion device according to claim4, wherein at |east one of
the first magnet and the second nagnet has a plurality of types of shape.
12. The flat acoustic conversion device according to claim®6, wherein at

| east oneffardshfe &érﬁég.déragm%tﬂs@n%gﬁé}e PRI L RIS mAMer @ plurality of
types of shape. . | at acoustic conversion device according to claim

4, wherein theaﬁ;ibrai.hg m@fﬁb@ea.sad%ed $669RFa BN s PreRcRivb g aehea: a
pl ate-shaped nenber nade froma nmagnetic naterial. 14. The flat acoustic

conver si on devh Gist aeE YhibhNg Heficaly dolh® andie bR pdsel Ngich ithii tmagietn aix and
second magnet are provided on a pl ate-shaped nenber made froma magnetic

mat eri al . inldihkEkn 2POsitichDn the Tibatin@ @bt whicld BorRIsEorIB t6l el fbst ieaymptid Si Ng:  a
first magnet disposed so that a first magnetic pole face is Substantially
paral | el pélefaepareidet er mi ned surface-, a second magnet di sposed adjacent to
or in contact with the first nmagnet such that a second nagnetic pole face
havi ng a pol ar a sycatdfcbit mbich i haicrltyhveoupd laad iist gispised hechf thatshagnetigfet | ¢ pol e
face is substantially parallel to the predeterm ned surface and faces

t owar ds t inerigdsen si desiton orhéhef vibsatingrawamelter ovhyichl eorfespendsf tot the fecert r nagnet |
a vibrating nernber disposed so as to face towards the predeterm ned
sur f ace- , magndticpgle feesi, | which is helically wound and is disposed such that

magnetic flux interlinks in a position on the vibrating nenber which
corresponds t owhejeinfat fegst pngyefdhe first magnet and the second magnet has a plurality

of types of shape.

11. The fiat acoustic conversion device according to claim 4, wherein at least one

of the first magnet and the second magnet has a plurality of types of shape.

12. The flat acoustic conversion device according to claim 6, wherein at least one

of the first magnet and the second magnet has a plurality of types of shape.

13. The flat acoustic conversion device according to claim 4, wherein the first
magnet and second magnet are provided on a plate-shaped member made from a

magnetic material.
14. The flat acoustic conversion device according to claim 6, wherein the first

magnet and second magnet are provided on a plate-shaped member made from a

magnetic material.
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pol e face., and a second coil which is helically wound and is dlsposed such
that nmagnetic flux interlinks in a position on the V|brat|ng1deﬁﬁ 2088 ch

corresponds to the second nmgnetic pole face, wherein the hardness of a

pl acement portion of the vibrating nmenbrane where the coils are placed is

harder than the hardness of portions of the vibrating nernbrane other than
the placenent portion. 16. The flat acoustic conversion device according to
claim4, wherein the hardness of a placenent portion of the vibrating

menbr ane yher eAq|gpa&gét{c%ome¢S,&{@&mdoﬁ, ha ﬁg%i t han the hardness of
portions of the vibrating nmernbrane ot her han the placenment portion. IN

fl t C 2003 174 ﬂfEhn%aéﬁe%&sﬁ@é&H%B'tr@atﬁ@i@(ﬁfa@h&f& p@%%éiﬁs%ﬁl?s@érﬁbl%a’fré}leﬁ aim 6,
wherein the first mnagnet and second nagnet are placed on a flexible nmenber

and the h@LbSd‘er@bt&ﬁ{mrsurfbé‘e made froma flexible nmenber. 18. A flat acoustic
conversion device conprising: a first magnet disposed so that a first

magneti c pol e §aesntsndgnbsdigivse@bljcdiadd iglconth@ vathpheflet magisiedctsur f ace; a
second magnet di sposed at a predeterm ned di stance apart fromthe first

magnet or thaha sevohdetagnéticipaldifacd haviig apeady dsfueht frdrathespaeitosfdhertrgnet i ¢ pol e
face having a polarity different fromthe polarity of the first magnetic
pol e facemiagnddiuleteafzice as sybstpdinky pablid do tve pedetdetisedsudtesandf faces and f aces
towards the same side as the first mnmagnetic pole face of the first magnet;
a vi br at i teyanis ttizesant sigroaeiie ot megtaicibaledadekthedistintrgngt r st magnetic pol e
face and the second nagnetic pole face; a pliable air layer form ng nmenber
di sposed so asa vibrating rembgedisnosedipe #s toffece towards the predetermined surface;

a first coil which is helically wound and is disposed such that magnetic flux
interlinks in a position on the vibrating member which corresponds to the first magnetic
pole face., and

a second coil which is helically wound and is disposed such that magnetic flux
interlinks in a position on the vibrating member which corresponds to the second
magnetic pole face,

wherein the hardness of a placement portion of the vibrating membrane where
the coils are placed is harder than the hardness of portions of the vibrating membrane

other than the placement portion.

16. The flat acoustic conversion device according to claim 4, wherein the hardness
of a placement portion of the vibrating membrane where the coils are placed is harder
than the hardness of porlions of the vibrating membrane other than the placement

portion.
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vi brating nenber an air |layer of a predeterm ned thickness on the first
magnetic pole face and second magnetic pole face sides of tHelvibEaZildg
menber; a first coil which is helically wound and is di sposed such that
magnetic flux interlinks in an area on the vibrating nenber which
corresponds to the first magnetic pole face; and a second coil which is
helically wound and is di sposed such that nagnetic flux interlinks in an
area on the vibrating nmenber which corresponds to the second nmgnetic pole

face. 109439. The filil 8Loudfd¥oiviefsidhORMAIES AR RRY tf 8lafe SONMeREh U filsBi M 18,
wherein current flows 1in the sanme directionin a portion of the first coi

which is aRhAGRAY sbentiMaghBCHBYICE bn a #BLbIE TetniRPbhd MR Rbsihdmerdeond coi |
which is adjacent to the first coil. 20 The flat acoustic conversion device

accor di ngistreadel finta #skibiavherden when the coil winding directions fromthe
outer periphery to the inner periphery of the first and second coils are
the sanme, either the inner peripheries of the first and second coils axe
connected to each other, or the outer peripheries of the first and second
coi | s ar e18.conadat anduitic comansiart device cBtpriding fl at acousti c conversion device
according to claim 18, wherein when the <coil winding directions fromthe
out er peri pher gfitsomegret dispesedserhad bdirsy mapneticeofe fasd is anightardieltypadzliebi | s ar e
different fromeach other, either the inner periphery of one of the first
and secont axpedatenminadonrfaested to t he outer periphery of the other of the
first and second coils, or the inner peripheries of both the first and
second coils afeewdnvagney disgosadcHt a praseteraingd iigtansgtapert e fisefiites of bot h
the first and second coils are connected to each other. 22. The fl at
acoust i c ®BNRES B sopfact with HecHlamagnat Sueh Mahasecoip dpaginatic pplefagehe  fir st
magnet and second nagnet are @Iaced a E%edeternined di stance apart from

each ot hvingRolarity deregsjiiom ihe ppiapity @f Mg d¥st magnetiaRols fagRis sPesaBAlY y and t he
out er peréeﬁfgli%rl ¥o ?rfe E)rreISetermined surface and faces towards the same side as the first
magnetic pole face of the first magnet;

a vibrating member disposed so as to face towards the first magnetic pole face
and theé second magnetic pole face;

a pliable air layer forming member disposed so as to form together with the
vibrating member an air layer of a predetermined thickness on the first magnetic pole
face and second magnetic pole face sides of the vibrating member;

a first coil which is helically wound and is disposed such that magnetic flux
interlinks in an area on the vibrating member which corresponds to the first magnetic
pole face; and

a second coil which is helically wound and is disposed such that magnetic flux
interlinks in an area on the vibrating member which corresponds to the second

magnetic pole face.
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coil spiral are positioned so as to sandw ch a position on the V|brat|ng
menber which corresponds to an outer edge of the first nagneﬁlclbole ‘face
and the second coil is placed such that the inner periphery and the outer
peri phery of the coil spiral are positioned so as to sandwi ch a position
on the vibrating nmenber which corresponds to 110 I 1 DEC 2003 an outer edge
of the second nmagnetic pole face, and wherein, when the first nagnet and
second magnet are placed in contact with each other, the first coil and the

second cqbl affe placGds LsielsRilaeliBe alddRftg tBQ:fa'lrﬁhQrWI’?e?elﬁ’Euﬁé?ﬁﬂ&Pé | spirals

of each coil are positioned outside an area which includes a position on

the vi braj Rg sHRERGECHM!iF B poﬁ%ﬁﬁ%@ﬂgﬁc&ll%rﬁcﬁﬁ%ﬁceﬂfmQhé'@&‘&ﬁa icgil pol e face
and such that the outer peripheries of the coil spirals do not overlap

each otheppd g% Croﬁan'oﬂhe%%@&rﬁdoﬂWﬁQﬂYﬂcﬁéc@ﬁttd@déﬁ%@tc@ﬂ)”pr' sing: a first
magnet di sposed so that a first magnetic pole face is substantially

parallel to a predeterm ned surface; a second magnet di sposed a
predet erm ned di stance apart fromthe first nmagnet or in contact with the
first magpet sogdfithabugticsavssionagyied accopdmgetd elgien 18)amiengn avhpolties i ty
different fromthe polarity of the first magnetic pole face is

subst ant i adil windipqlaédtiehs fromtthe optee derdpbiery todbe smef parphanydffiise st timhvar ds t he
sanme side as the first magnetic pole face of the first nagnet; a vibrating
menber di sgposddois@rathetsemieaeithet theannds peipbefés @ithenfirgtrrndi secpol wil$axe and the
second magnetic pole face; a pliable air layer form ng nenber di sposed so
as to foreannected hercach pthet, e the iobteatreriphanesisé theafirshipnd segoad asils gre
predet erm ned thickness on the first magnetic pole face and second
magneti c puinectedioecashatsr.of the vibrating menber; a first coil which is
helically wound and is disposed such that nagnetlc flux interlinks in an
area on the vibrating nenber which corresponds to the first magnetic

21. The flat acoustic conversion device according to claim 18, wherein when the
coil winding directions from the outer periphery to the inner periphery of the first and
second coils are different from each other, either the inner periphery of one of the first
and second coils is connected to the outer periphery of the other of the first and second
coils, or the inner peripheries of both the first and second coils are connected to each
other and the outer peripheries of both the first and second coils are connected to each

other.

22. The flat acoustic conversion device according to claim 18, wherein, when the
first magnet and second magnet are placed a predetermined distance apart from each
other, the first coil is placed such that the inner periphery and the outer periphery of the
coil spiral are positioned so as to sandwich a position on the vibrating member which
corresponds to an outer edge of the first magnetic pole face and the second coil is
placed such that the inner periphery and the outer periphery of the coil spiral are

positioned so as to sandwich a position on the vibrating member which corresponds to
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pol e face; a second coil which is forned in a helical shape ndni
opposite direction to the first coil and is disposed such tﬁg? nggﬂe?W@

flux interlinks in an area on the 111 iVa vibrating nenber which
corresponds to the first nagnetic pole face, and such that the second coi

overlaps with the first coil in an area on the vibrating nmenber which
corresponds to the first magnetic pole face, and whose inner peripheral end
is connected to an inner peripheral end of the first coil; a third coi

whi ch i's LRGIRAeHgE & HELLERAN matRBh: BOERSel Bnd WReBRTRNEN fHRCASRaghet L he
second coil, and which is disposed such that magnetic flux interlinks in an

area on  hResatoRd Alaghét & Piassd MtbRBcGA &R OMER thonikh@ilene edsdraamnet i ¢ pol e
face, and whose outer peripheral end is connected to an outer peripheral

end of t hgoisgeOpBcedOsilch Badtha ihAaH bdtiphdids Fhthé feoll Spirdls e dati cail ked | cal
shape wound in the same direction as the first coil, and which is di sposed

such t hat poefpned ioatsfdelah aros emlidhnik8uddas @ PositichaorDthetitRating embémghicrember

whi ch corresponds to the second magnetic pole face, and such that the
fourth cotdrredpeidsapa centehoft hmagiatic poledbte ani such dhat theosutdriperiphddieabf ng menber
whi ch corresponds to the second magnetic pole face, and whose inner

per i pher atheenil spisals dvommeedriag etch athen nner peri pheral end of the third coil.
24. The flat acoustic conversion device according to claim 23, wherein the
first coil 1is provided on one surface of the vibrating nenber and the
second coil is provided on the other surface of the vibrating nenber and
t he i nner2per i pliletragougticoniersipredevicesemprigiog:l passes t hrough the vibrating
menber and connects with the inner peripheral end of the first coil, and
the third coil2fist pagrat disaossd spiiat ifird magneticaele fase is subsiaizit Rasg'ehenber
and the fourth coil is provided on the one surface of the vibrating nenber
and the i lrfRredgleminadesuifce&nd of the fourth coil passes through the

vi brati ng nenber i i i i
coi l 9 a se%grgd (r:n%gﬂg'\tcgigpos\émdtzt] Sré‘q%tér%%& (Plseing\ ehglgé’:l fr%%d th%f ﬁ;[sp e third

magnet or in contact with the first magnet such that a second magnetic pole face
having a polarity different from the polarity of the first magnetic pole face is substantially
parallel to the predetermined surface and faces towards the same side as the first
magnetic pole face of the first magnet,;

a vibrating member disposed so as to face towards the first magnetic pole face
and the second magnetic pole face;

a pliable air layer forming member disposed so as to form together with the
vibrating member an air layer of a predetermined thickness on the first magnetic pole
face and second magnetic pole face sides of the vibrating member;

a first coil which is helically wound and is disposed such that magnetic flux
interlinks in an area on the vibrating member which corresponds to the first magnetic
pole face;

a second coil which is formed in a helical shape wound in the opposite direction

to the first coil and is disposed such that magnetic flux interlinks in an area on the

111



1j r) 11 DEC 2003 25. The flat acoustic conversion device according to
claim 18, wherein a plurality of rows of nmagnets with each raow€onfiksi ng
alternating first and second nmagnets in a first direction are positioned
such that the first and second magnets alternate in a second direction
which intersects the first direction. 26. The flat acoustic conversion
devi ce according to claim?23, wherein a plurality of rows of nagnets with
each row conprising alternating first and second nmagnets in a first

directi Onviﬁ%ﬂa{y’%%&ap@ﬁi% §&fﬁ£p&rﬁb§tto ekt hadnedP Hoig §5RNInd BERGhS tRd t er nat e

in a secon rection which intersects the first direction. 27 The fl at

acousti c cORVErdl Ulefp! Gith HeCREALADin 8n GhdH Bh 1Re IMRNG! Merfiber @&} one of
the first nagnet and the second nagnet has a plurality of types of shape.

28. The fLgtespmisstol heCl diaheit P8I BBe, A& MAoBE ifer GeAipRardBendier ei n at
| east one of the first magnet and the second magnet has a plurality of

types of ghimeeted &Pan ifR& pElighera@Ad 6t thé fisogulier si on devi ce according to claim
18, wherein the first magnet and second magnet are provided on a

pl at e- shaped nemercoiraghichfis Gdrimad inmagekdal ehapatvesunalin thd0samehdirdctiat asicoust i ¢
conversi on device according to claim 23, wherein the first magnet and
second natheetecaridecol) andi vldch is Rlispogddadueh sired preag natenfhe rintertioles ih rrorarea ommagnet i ¢
material. 113 DEC 20173 31. The flat acoustic conversion device according

t o cl ai m @@ vibnting enembee whish epaéspordigieshe$edohe maggeistiole faee, @nd alhosg e bent in
the direction of the nmagnet placenent surface so as to forman angle

rel ative owetpesivhergiend iptanpestethto anputerdenpt@pal em of the secoad soik©end conver si on
devi ce according to claim30, wherein peripheral edges of the magnetic

mat eri al are befurthgol whichiis feavethin aotelicshapgywarndip deesasps direction as

the first coil, and which is disposed such that magnetic flux interlinks in an area on the
vibrating member which corresponds to the second magnetic pole face, and such that
the fourth coil overlaps with the third coil in an area on the vibrating member which
corresponds to the second magnetic pole face, and whose inner peripheral end is

connected to an inner peripheral end of the third coil.

24. The flat acoustic conversion device according to claim 23, wherein the first coil
is provided on one surface of the vibrating member and the second coil is provided on
the other surface of the vibrating member and the inner peripheral end of the second
coil passes through the vibrating member and connects with the inner peripheral end of
the first coil, and the third coil is provided on the other surface of the vibrating member
and the fourth coil is provided on the one surface of the vibrating member and the inner
peripheral end of the fourth coil passes through the vibrating member and connects

with the inner peripheral end of the third coil.
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surface so as to forman angle relative to the magnet placenent surface. 33
The flat acoustic conversion device according to claim 18 wherein an
elastic portion surrounding the placement portion is provitddDEét 38Eh t he
supporting portion for the support nenber and the placenent portion where
coils are placed of the vibrating nenber. 34. The flat acoustic conversion
devi ce according to claim 23, wherein an elastic portion surrounding the
pl acenent portion is provided between the supporting portion for the

support npgber yaH ﬁattalagus‘i’il: RERRINn RAIE ebrihe oSSR 183 whéRinP fiGafityoF the
vibrating nenber. 35 A flat acoustic conversion device conprising: a

Vi brati ngrdaadet madeisdfith Yachito céhipFighd a@erfmrﬁeeﬁst ad @%bérmaﬂngyne%ﬂﬁpﬁd first

coil disposed on the vibrating nenber, and helically shaped second coi

di sposed @t die:tion idhs @bs.f@emﬁrthaadh@mmtana csetcm fnla?ﬁéts GfRérhatedinfd 1 st
magnet which is provided with a first magnetic pole tace and which is

mount ed t eedohe dvédib@ivhial inbarebetstie frst indctibhe first magnetic pole face
corresponds to the first coil; and 114 1 1 DEC 2003 a second magnhet which
is provided with a second magnetic pole face having a polarity different
fromthe polarity of the first magnetic pole face and facing towards the
sane si de2és t Tiee fiatmstustia gorekisonpleiee hamediagid adimcl3, ehereinch pharglitebf | s
nounted to the vibrating body so as to be a predetermnm ned di stance apart
from t he fawsstf nmeggaistwithreash rowsompridieg altereading dictt aml tshedridemégnesst inremgnet  and
such that the second nmagnetic pole face corresponds to the second coil. 36
A fl at actrgkdirestienaie pesiinned outle hat dingp filst jand) - seeondi Beandin glieroate ipraovi ded
with a vibrating nenber, a helically shaped first coil disposed on the

vi br at i ngSfen®directiamwhigh jarseci th?f'@i:@f?éﬁp%econd coil disposed on the

27 The flat acoustic conversion device according to claim 18, wherein at least one

of the first magnet and the second magnet has a plurality of types of shape.

28. The flat acoustic conversion device according to claim 23, wherein at least one

of the first magnet and the second magnet has a plurality of types of shape.

29. The flat acoustic conversion device according to claim 18, wherein the first
magnet and second magnet are provided on a plate-shaped member made from a

magnetic material.
30. The flat acoustic conversion device according to claim 23, wherein the first

magnet and second magnet are provided on a plate-shaped member made from a

magnetic material.
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vi brating nenber adjacent to the first coil; a holding nenber which is
capabl e of holding a plurality of nmagnets between itself and THeEQitugati ng
body and which is disposed so as to be facing the vibrating body; a first
magnet which is provided with a first magnetic pole face and which is held
bet ween the vibrating body and the hol ding nenber such that the first
magnetic pole face corresponds to the first coil; and a second magnet
which is provided with a second magnetic pole face having a polarity

di ffer ent 3f r omyfRatRRL AL (b rsib i Belidd SdcofBRNE tddimPR GinbRRFEr&PHebRCI NT

\Q—:fri
towards the sane side as tHe ?lrst magneti ¢ pole face and which second

magnet i sehiekd,fRRL WeRRetid RateibPERT hdid i §Y diffflord BE tHeOhALRE pERERRAt SO as to

be a predeterm ned di'stance apart fromthe first magnet or so as to be in

contact Whifack B8 ad to'feim ARG reiide BURE mabadt gtala@mer&%gﬁé&. magnetic pole face
corresponds to the second coil. 115 DEC 2003 37. The flat acoustic

conversion device according to claim36, wherein the holding nenber is a
vi brating body which is provided with a vibrating nenber, a first coi
wound i n 32 hel TigafatHeaptic aBAvapdiat aevictnadcbling tbrofdir r8D, whsilesy peridhekan second
coil wound in a helical shape and placed on the vibrating nenber adjacent
to the fiedgesadithe magnetionneteaialnarehigent i ¢He dicdction sf fHeamagnedpladeenent br at i ng
menber so as to correspond to a nagnetic pole face opposite to the first
magnet i ¢ polaee @setodbrm srearfgle stativetpribe mapiet plaeemsm@soriatecoi | 1s pl aced on
the vibrating menber so as to correspond to a magnetic pole face opposite
to the second nagnetic pole face of the second nagnet. 38. The fl at
acoustic conversion device according to claim35, wherein a non- nmagnetic
pli abl e n&Ehber Thesfigtacevstis voavardiemeerice Recording i ¢laig Hbwhergidan BasEG r st and
second magnets. 39. The flat acoustic conversion device according to claim
36, wher ePasticp sipreunding the placement portion is provided between the supporting portion

for the support member and the placement portion where coils are placed of the

vibrating member.

34, The flat acoustic conversion device according to claim 23, wherein an elastic
portion surrounding the placement portion is provided between the supporting portion
for the support member and the placement portion where coils are placed of the

vibrating member.

35 A flat acoustic conversion device comprising:

a vibrating body provided with a vibrating member, a helically shaped first coil
disposed on the vibrating member, and a helically shaped second coil disposed on the
vibrating member adjacent to the first coil;

a first magnet which is provided with a first magnetic pole face and which is
mounted to the vibrating body such that the first magnetic pole face corresponds fo the

first coil; and
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magnetic pliable nmenber is interposed between the vibrating body and the
first and second magnets. 40. The flat acoustic conversion dévi ( 2003
according to claim35, wherein, in the same vibrating body, current flows
in the sane direction in a portion of the first coil which is adjacent to
t he second coil and in a portion of the second coil which is adjacent to
the first coil. 41. The flat acoustic conversion device according to claim
36, wherein. in the same vibrating body, current flows in the sane

direction in a;ReEdniRaghbt Wi is!gréVidedQith AUcER agdek pBleFace’Mihgadl] acent to

t he second coil and in a portion of the second corl which i1s adjacent to

the first p@lﬁ:ﬁ%diﬁé%nt fI81 tHd plarRESTURd firSt RBGNLRE PbIB Racd G SCiRFoRhflisige t 0 cl aim
35, whereln en the coil winding directions fromthe outer periphery to

t he i nner s@fé kipbas thedfrstinfegynbiid Sdie RiRE ang ABRAGeE6Hd iaghebistricuntyn® theti t her the
i nner peripheries of the first and second coils are connected to each

ot her, or viblaen@Pbddrsopes topaes predeteimihdibdibtah&d aittraie GRMitstafagnst ar s
connected to each other. 43. The flat acoustic conversion device according
to cl ai m 36to béhiaroehtacwinthe ifiest reaghét andredichn thatl theeetbr@nsiagnetinpbledfacut er
periphery to the inner periphery of the first and second coils are the
sane, eitb@resporelsitmthesepedicpiheri es of the first and second coils are
connected to each other, or the outer peripheries of the first and second
coils are connected to each other. 44. The flat acoustic conversion device
according to claim35, wherein when the <coil winding directions fromthe
out er per Bpher 4 flaiacopdicicapuersigiegdvish epppising:he first and second coils are
different fromeach other either the inner periphery of one of the first
and second coi f ¥ibrajing spdherrewdeq with Reibsaiingrmeaherph BekFathr shaped dishee!! of t he
first and second coils, or the inner peripheries of both the first and
second cofiprossd an the vibratingymemgbergang a helically shaped second coil disposed on the

vibrating member adjacent to the first coil;

a holding member which is capable of holding a plurality of magnets between
itself and the vibrating body and which is disposed so as to be facing the vibrating
body;

a first magnet which is provided with a first magnetic pole face and which is
held between the vibrating body and the holding member such that the first magnetic
pole face corresponds to the first coil; and

a second magnet which is provided with a second magnetic pole face having a
polarity different from the polarity of the first magnetic pole face and facing towards the
same side as the first magnetic pole face and which second magnet is held between
the vibrating body and the holding member so as to be a predetermined distance apart
from the first magnet or so as to be in contact with the first magnet and such that the

second magnetic pole face corresponds to the second coil.
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ot her and the outer peripheries of both the first and second coils are
connected to each other. 45. The flat acoustic conversion deyvicgFacggyidi ng
to claim36, wherein when the coil wi nding directions fromthe outer
periphery to the inner periphery of the first and 1I' DEC 2U 3 second coils
are different fromeach other, either the inner periphery of one of the
first and second coils is connected to the outer periphery of the other of
the first and second coils, or the inner peripheries of both the first and

second COgyS affy ﬁ‘zﬁ%@@lﬁl@‘aoﬁ\férﬁﬁwbwc@%@&dlﬁ@‘?0 Eibeh 98! Liferdd IHeRRliAgeS Of Dboth

the first and second coils are connected to each other. 46. The flat

acoustic Hapyer %‘é"&nb@aﬁuﬁ?%dﬁ%ﬂfh% ovidedChd B iRatin BleRibBs, avi@Ncéine first
magnet and second magnet are placed a predeterm ned di stance apart from

each ot h@bundt R€a hlict shfd and plRtRF6A tha!Gibrdiingtmdniteer] AEh RebAPBErY and the
outer periphery of the coil spiral are positioned so as to sandwi ch a

posi ti on Wsurddhe aehtarbhdl@ aAdyacelion the aatiRSRendsr dducant touhedfirsestge of the
first magnetic pole face and the second coil is placed such that the inner

per i pher yaranghdrbia toaitiet cgles ipkised yn tle tibatigpmemdpri s@hs &r eorregpa@iditoened so as
to sandw ch a position on the vibrating body which corresponds to an outer
edge of tinegrsdic poid fasgopbsite pdhefilsbmegnedin gholetfacecofrihe fitsemapmat ahd tret  nagnet
and second nagnet are placed in contact with each other, the first coi

and t he sszomticalds lplaced en flleadwdlinguuembdrad asHe comerppng bir & plagngtispolf t he coi l
spirals of each coil are positioned outside an area which includes a

posi ti on Teee epresiié lortbe sergnd oagnatisipole faesr of theprpgard magnet. center of a magnetic
pol e face and such that the outer peripheries of the coil spirals do not
overlap each other. 47. The flat acoustic conversion device according to

claim 36, wherein, when the first nmagnet and second nmagnet are placed a
pr edet er nithed HTesf’%in%‘"@“ﬁffaFQ"VFrrstS’m Qfé{!f'ﬁ acgpIding, tog flainy By, s‘f’h‘?fB'PI ainghp| aced

such that the inne eri hr and the, out her he
magnetic ppable ember ?S erposeé betweenei![le |% tlﬁg ogy and Ehe first and

second magnets.

39. The flat acoustic conversion device according to claim 36, wherein a non-
magnetic pliable member is interposed between the vibrating body and the first and

second magnets.

40, The flat acoustic conversion device according to claim 35, wherein, in the same
vibrating body, current flows in the same direction in a portion of the first coil which is
adjacent to the second coil and in a portion of the second coil which is adjacent to the

first coil.

41, The flat acoustic conversion device according to claim 36, wherein, in the same

vibrating body, current flows in the same direction in a portion of the first coil which is
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coil spiral are positioned so as to sandwich a position on the vibrating
body which corresponds to an outer edge of the first magneti d payeCfze8
and the second coil is 118 1 1 DEC LUU3 pl aced such that the inner

peri phery and the outer periphery of the coil spiral are positioned so as
to sandw ch a position on the vibrating body which corresponds to an outer
edge of the second nagnetic pole face, and wherein, when the first nagnet
and second nagnet are placed in contact with each other, the first coi

and the sggond: 6Qhé sec%h&cal SER Spisitiort ke §d¥8nd BORKNIBSH! JREMES 1R the coil
spirals of "each coil are positioned outside an area which includes a

posi tion g8 dokge vi brating body which corresponds to a center of a nagnetic
pol e face and such that the outer peripheries of the coil spirals do not
overlap each other. 48. A flat acoustic conversion device conprising: a

vi brating body provided with: vibrating nenber; a first coil which is

hel i cal | ysaountheafd dcsudlic Spavrslom Belidte astoltiry iongiMEsH) &vherein $A60fE COi |
which is formed in a helical shape wound in the opposite direction to the
first coitoilatigding ditkaipasein aie biier perdphatyi ta gherenbeperipbergf thee frwtearddap with

the first coil, and whose inner peripheral end is connected to an inner
peri pher asecemticalfs ard the shines¢itheothk inrer péripheriesoiftherirstcdndi secérak eoiisiaien a
hel i cal shape wound in the sane direction as the second coil, and is

di sposed @mnedied W backt pihgr, e rthee outep patphtedeh ef thediiraicant seaend lveilserond coi |,

and whose outer peripheral end is connected to an outer peripheral end of

t he seconebnoested togagh athfourth coil which is fornmed in a helical shape wound
in the sane direction as the first coil, and is disposed on the vibrating

menber so as to be adjacent

43. The flat acoustic conversion device according to claim 36, wherein when the
coil winding directions from the outer periphery to the inner periphery of the first and
second coils are the same, either the inner peripheries of the first and second coils are
connected to each other, or the outer peripheries of the first and second coils are

connected to each other.

44, The flat acoustic conversion device according to claim 35, wherein when the
coil winding directions from the outer periphery to the inner periphery of the first and
second coils are different from each other either the inner periphery of one of the first
and second coils is connected to the outer periphery of the other of the first and second
coils, or the inner peripheries of both the first and second coils are connected to each
other and the outer peripheries of both the first and second coils are connected to each

other.

45, The flat acoustic conversion device according to claim 36, wherein when the

coil winding directions from the outer periphery to the inner periphery of the first and
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to the first coil and to overlap with the third coil, and whose inner
peripheral end is 119 Il DI: C 003 connected to an inner perlﬁg & ﬁpg
the third coil; a first magnet which is provided with a first dﬂg ol e
face and is nmounted to the vibrating body such that the first nagnetic
pol e face corresponds to the first coil and second coil; and a second
magnet which is provided with a second nagnetic pole face having a

polarity different fromthe polarity of the first magnetic pole face and

facing t oyands c4iRk&re aﬁgr%n{swﬁ eaéh bher ame?tmerrﬁgé}eaehﬁn&fbﬁoﬁea&% frgd which

second magnet Is di sposed her a predeterm ned distance apart fromthe

first magpgfsdebnd &bils %ﬂﬁéct@ﬂ foltnd H\Rer dekipheriBORE biher @fﬂﬁ’e Hi¥Bi 41 seSorfpunt ed to
the vibrating body such that the second magnetic pole face corresponds to

the thirdegg] or tR finéptiibRer@lid both Ine first hitd scR6RW SbilsCars eBnHRERH @M esl@Vi Ce
conprising: a vibrating body provided with: vibrating nmenber; a first coi

which i's &atd dhalihe/onErpReipidiiés bSbéth §eaB&EGENABeédMd odilbiralchnpcrandesch a second
coil which is formed in a helical shape wound in the opposite direction to
the firstota@ | and is di sposed on the vibrating nenber so as to overlap

with the first coil, and whose inner peripheral end is connected to an
i nner peripheral end of the first coil; a third coil whichis formed in a
hel i cal shape wound in the sane direction as the second coil, and is

di sposed 4 t hEhevilddraaoustig comvepsion devicesadcording to athjia@@nwhereint Wwbes §eond coi |,
and whose outer peripheral end is connected to an outer peripheral end of
t he seconfistovadnet antisegofdmagheteet placid @ hredetefminedistanceansdl ragakadthape wound
'n the Sa&ﬁer, the first coil is placed such that the inner periphery and the outer periphery of the

coil spiral are positioned so as to sandwich a position on the vibrating body which

corresponds to an outer edge of the first magnetic pole face and the second coil is

placed such that the inner periphery and the outer periphery of the coil spiral are

positioned so as to sandwich a position on the vibrating body which corresponds to an

outer edge of the second magnetic pole face, and wherein, when the first magnet and

second magnet are placed in contact with each other, the first coil and the second coil

are placed such that the inner peripheries of the cail spirals of each coil are positioned

outside an area which includes a position on the vibrating body which corresponds to a

center of a magnetic pole face and such that the outer peripheries of the coil spirals do

not overlap each other.

47. The fiat acoustic conversion device according to claim 36, wherein, when the
first magnet and second magnet are placed a predetermined distance apart from each
other, the first coil is placed such that the inner periphery and the outer periphery of the
coil spiral are positioned so as to sandwich a position on the vibrating body which

corresponds to an outer edge of the first magnetic pole face and the second coil is
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12() | DEC 2003 direction as the first coil, and is disposed1og %Q@;U
vi brating nmenber so as to be adjacent to the first coil and't r4QB
with the third coil, and whose inner peripheral end is connected to an

i nner peripheral end of the third coil; a holding nmenber which is capable
of holding a plurality of nmagnets between itself and the vibrating body
and which is disposed so as to be facing the vibrating body; a first
magnet which is provided with a first magnetic pole face and is held

bet ween tHSTe\éii cAthA9BARNeraMphdte RA! tHE Yt TR lery? W the BRf ﬂgi%ﬁafei rst

magneti c po ace corresponds to the first coil ‘and secon oil; and a

second magnghnuhsE Bs toSsaRbith 4Gfsitbr bn theSATAHY BERY WRichCoRBRNERRENNAVI NG a
polarity diffgrent fron1th% pgﬁg}itynof thgm%irs? nagngtig%gole face and

faci ng t oyAétsigh e theSREBhPMEEhHE pbiGadd, bRd whB@ReIvhen PRl Rstimaghet #td whi ch
second magnet I's disposed either a predeterm ned distance apart fromthe

first maggRbnd®mabiet@RNplagdd inichitaéthifithfdath biheRametirst contpd Wi sdtohd chiel d
bet ween the vibrating body and the hol di ng menber such that the second

magnet i ¢ @6lptack@edgchabstries Paadseribhericd&f thai dodl spigdls ofgsth fcoiliaielposiibhed 50. The
flat acoustic conversion device according to claim49, wherein the hol ding
menber coogisides s ax@a whithdtdiudgs rrpobition omtHel vilsatingdiody which lzoirespoads toad | y wound
and is disposed on the vibrating nenber, a second coil which is formed in
a hel i cal ceptesipta magoetd pore fabeamppos ithad thei outertpeopheries phibe fepit spiratsgdd  and i s
di sposed on the vibrating nenber so as to overlap with the first coil, and
whose i nneat oyrstapghelr ethelend i s connected to an inner peripheral end of the
first coil, athird coil which is formed in a helical shape wound in the
sane direction as the second coil, and is disposed on the vibrating nenber
so as to be adjacent to the second coil, and whose outer peripheral end is
connect ed*® o ahli@pceystip PMvSHIANAevVIER§OBPIYN¥e second coil, and a fourth coil

whi ch i a vibrating body provided with:

vibrating member,;

a first coil which is helically wound and is disposed on the vibrating
member;

a second coil which is formed in a helical shape wound in the opposite
direction to the first coil and is disposed on the vibrating member so as to overlap with
the first coil, and whose inner peripheral end is connected to an inner peripheral end of
the first coil;

a third coil which is formed in a helical shape wound in the same
direction as the second coil, and is disposed on the vibrating member so as to be
adjacent to the secand coil, and whose outer peripheral end is connected to an outer
peripheral end of the second coil, and

a fourth coil which is formed in a helical shape wound in the same

direction as the first coil, and is disposed on the vibrating member so as to be adjacent

to the first coil and to overlap with the third coil, and whose inner peripheral end is
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121 1 | DEC 2003 forned in a helical shape wound in the sane diﬁﬁﬁ;gﬁﬁ as
the first coil, and is disposed on the vibrating nenber so g t 3

adj acent to the first coil and to overlap with the third coil, and whose
i nner peripheral end is connected to an inner peripheral end of the third
coil, and wherein said holding nenber is a vibrating body in which the

first coil and second coil are placed so as to correspond to the nagnetic
pol e face opposite the first magnetic pole face of the first nagnet, and

the thirdcgRebtedtslard AHERriRIAI Rl 8F P AGRIGoiSO as to correspond to the
magneti c pol e face opposite the second magnetic pole face of the second

magnet. 51. Thg fitst tagAG QbR i§ pFRIREE Wwith QirslaNAghEtIAEAE FAb R8d tPmeliméedn 48,
wherein the first coil is provided on one surface of the vibrating nenber

and the secwadibfing bbdy such\thalask Mt mbgir:tio bblefaclddrassonas td e fivdtlebint i ng
menber and the inner peripheral end of the second coil passes through the

Vi br at i ngafesdeend ediclasconnects with the inner peripheral end of the first
coil, and the third coil is provided on the other surface of the vibrating
menber and t he séaundtnitagnet Whictsisprravidediedthonsdched ongneticrpblcfacehavinyea vi br at i ng
menber and the inner peripheral end of the fourth coif passes through the
vi br at i ngpoentp diffeentifroo theaatiaity ool thd fitshmagnetie polp dadepindriadingetodrants thehe t hird
coil. 52. The flat acoustic conversion device according to claim49,

wher ei n t bamé gide gs theifirst magneticanoleitade. amd avhichssgedrgiopagytet tstispepdst eitheng menber
and the second coil is provided on the other surface of the vibrating
menber and Pragetermined digiapegrprartdionethg fistt mageetos inperitact with thgdisst ewgpely ough t he
vi brating nenber and connects with the inner peripheral end of the first
coi |, and2?hwhichis goped tq e yisatingdpdy sughiBabihgsecagd magnetis Poleacsi br at i ng
menber and the fourth coil is_provided on the one surface of the vibrating
menber an€PTEEFRONdS AR fhe trs %Eé"‘;f%@hﬁg'fi pheral end of the fourth coil passes

t hrough the vibrating menber and connects

49, A flat acoustic conversion device comprising:
a vibrating body provided with:

vibrating member;

a first coil which is helically wound and is disposed on the vibrating
member,;

a second coil which is formed in a helical shape wound in the opposite
direction to the first coil and is disposed on the vibrating member so as to overlap with
the first coil, and whose inner peripheral end is connected to an inner peripheral end of
the first coil;

a third coil which is formed in a helical shape wound in the same
direction as the second coil, and is disposed on the vibrating member so as to be
adjacent to the second coil, and whose outer peripheral end is connected to an outer
peripheral end of the second colil; and

a fourth coil which is formed in a helical shape wound in the same
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with the inner peripheral end of the third coil. 53. The fl at] QCBE%Z@
conversion device according to claim35, wherein a plurality of g’f
magnets with each row conprising alternating first and second magnets in a
first direction are positioned such that first and second nmagnets alternate
in a second direction which intersects the first direction. 54. The fl at
acousti c conversion device according to claim36, wherein a plurality of
rows of magnets with each row conprising alternating first and second

magnets i Birdutiof b¢ Bk ittt CGELhOR cﬁ‘%ﬁs&?% fh'eqlﬂﬁﬁun%%ﬁefﬂ% ab Rfod hdjgdentnd second

nmagnet s alternate in a second rection which intersects the first

di recti onto fpe-firstBil lah@tto féGéﬂéﬁtMﬁn e nMied éélp'&n@%\)ﬂogél irfifef PEABhREAI leAd ¢4 ai m 48
wherein a plurality of rows of magnets with each row conprising

al t er nat i pghnktted to MNEnSPeMPEraIREN 6L the tHivd@oilf i rst direction are positioned
such that the first and second nmagnets alternate in a second direction

whi ch i nt er seca fokdhg rhémisdr wihidhai€ ck®dble BSholdiRe a fplrblit60nsdricts BaweaT Si on

devi ce according to claim49, wherein a plurality of rows of magnets with
each row gafpnidsthe gibedting roady iand whidnsis depdssbeorad tomgrfatisg khe @brafing St
direction are positioned such that the first and second magnets alternate
in a secbudy;direction which intersects the first direction. 57. The fl at
acoustic conversion device according to claim 18, further conprising a
speaker edge whifich magnpt whickl éd providiad avitb ur st magneticopele daner arsli mdhekth el asti c
menber 123 2003 having a portion between an outer peripheral portion and an
i nner per bgiweemthepihratingrbody lad ¢hsf hdldingregnibar auahuthatebe §ishpegneticcdoolen out er
peripheral portion of which speaker edge is Fixed to a frane, and an outer
per i pher afacpgerigspendsito theérstpgfmqw@om@pdeanq s fixed to an inner peripheral
portion of the speaker edge, and in which speaker edge a_ high elastic
modul us porti O%SWBQ@%BWW '6ﬂ°r‘éfl'd§§t"‘f"€|at§PCP%d MaeRstic PRigface aYiRgId ance of

surroundi n ortions is fo east one portiagn in the | ongitudinal
directi onP (ﬂ:ﬂﬁ){ %erent from the po % of the ftlrst magnetic pole Tace anancmg towards?heg

same side as the first magnetic pole face, and which second magnet is disposed either
a predetermined distance apart from the first magnet or in contact with the first magnet,
and which is held between the vibrating body and the holding member such that the

second magnetic pole face corresponds to the third ceil and fourth ceil.

50. The flat acoustic conversion device according to claim 49, wherein the holding
member comprises a vibrating member, a first coil which is helically wound and is
disposed on the vibrating member, a second coil which is formed in a helical shape
wound in the opposite direction to the first coil and is disposed on the vibrating member
s0 as to overlap with the first coil, and whose inner peripheral end is connected to an
inner peripheral end of the first coil, a third coil which is formed in a helical shape
wound in the same direction as the second coil, and is disposed on the vibrating
member so as to be adjacent to the second coil, and whose outer peripheral end is

connected to an outer peripheral end of the second coil, and a fourth coil which is
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curved portion thus reducing the anount the high elastic no Iuic§02®mgn IS
deforned by external force, wherein the vibrating nenber i i Xé&

i nternal peripheral portion of the speaker edge. 58. The flat acoustic
conversion device according to claim23 further conprising a speaker edge
which is provided with a curved portion conprising an el astic nenber

havi ng a portion between an outer peripheral portion and an inner

peripheral portion thereof forned in a curved shape, and an outer

peri pher atoRE4 fnl LRk s‘ﬁ@b&@o@ﬂ%‘h@san@@%cﬁ& 4d tﬁ@@lrsﬁ Boif ahd RMspoddlfl an outer
peripheral portion of the vibrating menber is fixed to an inner peri pher al

portion Opn HHeSVISTBRHKPEMBEIR adthd jddeheld tﬁ@@?‘s‘ﬁ%ll 8RR &verlBb Yithehastic

nodul us portion whose nodulus of elasticity is |lower than a conpliance of

surroundi {hgd REIl, bh@WhodeSinde? hEEshetdl edd islcBASdctede al Mkt PetiphBral & dramgi t udi nal
direction of the curved portion thus reducing the anmpount the high elastic

nmodul us ptirt icol and whesddh 3aie tholding aembemiala Vi, bodyan ethithtthe fikst boiat i ng
menbrane is fixed to an internal peripheral portion of the speaker edge.
59. The f hat semondisdil ate planstesca00 deespoed & themdgngtid pole faak ppasite Wiker ei n t he
t hi ckness of at |east one portion in the |ongitudinal direction of the

cur ved pofirsi roagriefic pofadezet di ttekferst, magnet ahd gte teirdisdili andrfouttil el gooplacesh | s

provi ded by increasing the density of 124 DEC 2003 an el astic body form ng
t he one pen #s torrofraspond td Hagnagndiinedle thce eppdste thef sechrd maghadid pptsrfa¢eon.  60.
The fiat acoustic conversion device according to claimb58, wherein the

t hi cknessofdhe sgecopdmegnaine portion in the |ongitudinal direction of the
curved portion is made thicker, or a high elastic nodulus portion is
provi ded by increasing the density of an el astic body forning t he one

portion in the Ion i tudinal direction of éhe curved “B 61. A flat
acoustic ebnveftgf aa%{;p%gorwgwplcgeplﬁa according to claim 48, ereln the first coil

is provided on one surface of the vibrating member and the second coil is provided on
the other surface of the vibrating member and the inner peripheral end of the second
coil passes through the vibrating member and connects with the inner peripheral end of
the first coil, and the third coil is provided on the other surface of the vibrating member
and the fourth coil is provided on the one surface of the vibrating member and the inner
peripheral end of the fourth coil passes through the vibrating member and connects

with the inner peripheral end of the third coil.

52. The flat acoustic conversion device according to claim 49, wherein the first coil
is provided on one surface of the vibrating member and the second coil is provided on
the other surface of the vibrating member and the inner peripheral end of the second
coil passes through the vibrating member and connects with the inner peripheral end of
the first coil, and the third coil is provided cn the other surface of the vibrating member

and the fourth coil is provided on the one surface of the vibrating member and the inner
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a frame provided with a base on which a plurality of magnets are arranged
such that a direction faced by a predetermined polarity of dng pRgnglg3i s
opposite a direction faced by a predeterm ned polarity of a magnet

adj acent to the one magnet, and a peripheral wall provided on the base so
as to surround the plurality of magnets; a vibrating nenber facing the base
and provided with a first helically wound coil and a second helically
wound coil whose coil winding directions differ in accordance wth a

pol arity gdriphbial BRY 8f th@ffo&rh'ﬁ‘cd?ll pHsd hYoudh thEgBRkiSg ientePiahd 'cﬁnﬁ&?é ng; and a
speaker edge provided with a curved portion conprising an el astic nenber

havi ng a wm{mQQﬂmbggwﬁ@@|an“qugﬁmp@mlpheral portion and an i nner
peri pheral portion thereof forned in a curved shape, and an outer

peri pheral portion of the speaker edge is fixed to a frame, and an outer
peri pheral portion of the vibrating nenber is fixed to an inner peripheral
portion 033.t heTpenkesustegvedind devibé gitorlirstbickimaguiieseiparduraity ofvhose
nodul us of elasticity is lower than a conpliance of surrounding portions is
formed i nroas of eeghets wéthpeach irom compiisivey ditengiting irshahd dédoad tragmesfintahe curved
portion thus reducing the anmount the high elastic nodulus portionis

def or ned fisst direttzmreae phetioed suDE@aR 0BBaBlsecénd hapnets alhate it erseesrsd on
apparatus conprising: a first base on which are placed on substantially the
sanme pl andregtidn which inigrsgnistthefirplalirecionce and a second magnetic pol e face each
having a different polarity facing in the same direction; a non-nmagnetic
pliable menber forned in a sheet shape; and a second base provided with

conti nuous conductors, wherein the non- ﬁg}nehc pliable nmenber is
i nter posefd1 bet hedlst P‘P%‘S‘F‘i Gogvensigs deviggaccpiitnoda ey Seaerein @Ity @i n t he
i abl e nenber, and the second base are

first base, the nonmagnetic 5%
mount ed t@ﬂ%PﬁgwgpﬁféépéPF@r EW“PW%E’ﬂﬁﬂﬁ%ﬁggmfFW%S§EB§P§ﬁWF§PP? paral |l e
to the plfﬁa direrc} oef\mr !arlengossmjoneé sSchC%gg H%[ 1£I)!'St and second magnets alternate in a

second direction which intersects the first direction.

55. The flat acoustic conversion device according to claim 48 wherein a plurality of
rows of magnets with each row comprising alternating first and second magnets in a
first direction are positioned such that the first and second magnets aliernate in a

second direction which intersects the first direction.

56. The flat acoustic conversion device according to claim 49, wherein a plurality of
rows of magnets with each row comprising alternating first and second magnets in a
first direction are positioned such that the first and second magnets alternate in a

second direction which intersects the first direction.

57. The flat acoustic conversion device according to claim 18, further comprising a

speaker edge which is provided with a curved portion comprising an elastic member
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63. The flat acoustic conversion device according to claim62, wherein a
surface of the second base which is on the opposite side to,a "é%ﬁ@3
facing the first base is nounted to a nenber conprising a anhagi t body
which is capable of vibrating and which is larger than the second base.

64. The flat acoustic conversion device according to claim63, wherein the
body which is capable of vibrating is nounted to another body which is
capabl e of vibrating, said other body which is capable of vibrating being

l'arger t hagidds pbady pekieeh ah%ut&%ﬁﬁ#é?a[‘}ﬂcort}ﬁinb.{r@térﬂﬂne%ﬁpﬂé}ﬁl pdrdn acoustic
conversi on apparatus according to claim62, wherein the tfirst base is

fornmed bybReptrMedROBRUNEH R8afe, RNt ARGNRIGPAGENSIrich SRVIAEN 8peakbiCh t hat
first magnetic pole faces and second magnetic pole faces alternate with

each ot hegdgelid 6 iMelGo A0Rne Gind HicoutdraieripRarbISidrifonCEINNE VibFBiRg AfPRIeR S
according to claim63, wherein the first base is fornmed by locally

magnet i zi i@dao ph &iner p&ripecl prgnebi the Bpéaket adges dad int Wisith §paakér edyegnet i ¢ pol e
faces and second nagnetic pole faces alternate with each other. 67. An
acousti c kigmelasiti roodull@potidpnodiose insidolys ohelagteitk &srlowelgkanv cehpliascppbvi ded
with a Curved portion conprising an elastic nenber having a portion

bet ween asurmubding pastionstie famineg or atileast anedpation intier lopatudiphlatiettionpd the on
thereof formed in a Curved shape, and an Quter peripheral portion of which
speaker eclesd portfandbies tegueing theramouahthedvighoglagiic mpesiuiusiperian ipdefeinesd of t he
vibrating nenber is fixed to an inner peripheral portion of the speaker
edge, andby exterpal &ofce, syhetsiethe aipirting memjier isifed focanpignaliseripberal pattiqthose
nodul us of elasticity is lower than a conpliance of surrounding portions

i s fornedfithe geakergdge.one portion in the longitudinal direction of the
curved portion thus reducing the anount the high elastic nodulus portion
is defornmed by external force. 68. The acoustic conversion device according
to claim $87.’ V%eert%t gccgug ic E:g]rllv(e:#(spo%sc?ev%; according to claim 23 further comprising a

speaker edge which is provided with a curved portion comprising an elastic member
having a portion between an outer peripheral portion and an inner peripheral portion
thereof formed in a curved shape, and an outer peripheral portion of which speaker
edge is fixed to a frame, and an outer peripheral portion of the vibrating member is
fixed to an inner peripheral portion of the speaker edge, and in which speaker edge a
high elastic modulus portion whose modulus of elasticity is lower than a compliance of
surrounding portions is formed in at least one portion in the longitudinal direction of the
curved portion thus reducing the amount the high elastic modulus portion is displaced
by external force, wherein the vibrating membrane is fixed to an internal peripheral

portion of the speaker edge.

59. The flat acoustic conversion device according to claim 57, wherein the
thickness of at least one portion in the longitudinal direction of the curved portion is

made thicker, or a high elastic modulus portion is provided by increasing the density of
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at | east one portion in the longitudinal direction of the curved portion is
made thicker, or a high elastic nodulus portion is provided by1jipgregssng
the density of an elastic body formng the one portion in the |ongitudi nal
direction of the curved portion. 69. A vibration actuator conprising: a
first base on which are placed on substantially the sanme plane a first
magneti c pole face and a second magneti c pole face each having a different
polarity facing in the same direction; 127 1 ) DEC 2003 a non-magnetic
pliable meahpisié bEE Sorinthg?the NBR! pHIPH: tiaNEngiRdREC ARLISRSL 1 aylded wi th
conti nuous conductors, wherein the non-nmagnetic pliable nmenber is

i nter posegoh@i.ween the first base and the second base, and wherein the
first base, the nonnagnetic pliable nmenber, and the second base are
nount ed together integrally such that magnetic flux substantially parallel
to the plane interlinks in the conductors. 70. The vibration actuator
accor di ngs0.0 cligd MabAcowdtier &inderdiod Uddvaee abdording t6 egamd 58 bamerenhitied) is on
the opposite side to a surface facing the first base is nmounted to a
menber cotzgknesEsng ah leashemeaporadr h thedyngithdicdl directbapsithe cofved ipbriak iisng and
which is larger than the second base. 71. The flat acoustic conversion
devi ce acwedalthivger, or  highreiagi; matkduepartidrhis pooitied bytinatdasirg tbapersite obf
vibrating is nounted to another body which is capable of vibrating, said
ot her bodgn etaistich body Gapbl the oine vidnticat innthe Hengilgdinalr gjeactierh ah theheurpatly whi ch
is capable of vibrating. 72. The flat acoustic conversion apparatus

accor di ngpParéerel ai m 69, wherein the first base is forned by locally
magneti zi ng a pl at e-shaped magneti c body such that first rmagnetic pole
faces and second nagnetic pole faces alternate with each other. 73. The

flat acoustic conversion apparatus according to claim70, wherein the first
61. A flat acoustic conversion device comprising:

a frame provided with a base on which a plurality of magnets are arranged such
that a direction faced by a predetermined polarity of one magnet is opposite a direction
faced by a predetermined polarity of a magnet adjacent to the one magnet, and a
peripheral wall provided on the base so as to surround the plurality of magnets;

a vibrating member facing the base and provided with a first helically wound coil
and a second helically wound coil whose coil winding directions differ in accordance
with a polarity of whichever of the plurality of magnets the coil is facing; and

a speaker edge provided with a curved porticn comprising an elastic member
having a portion between an outer peripheral portion and an inner peripheral portion
thereof formed in a curved shape, and an outer peripheral portion of the speaker edge
is fixed to a frame, and an outer peripheral portion of the vibrating member is fixed to
an inner peripheral portion of the speaker edge, and a high elastic modulus portion
whose modulus of elasticity is lower than a compliance of surrounding portions is
formed in at least one portion in the longitudinal direction of the curved portion thus

reducing the amount the high elastic modulus portion is deformed by external force.
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base is formed by locally magnetizing a pl ate-shaped nagneti c body such
that first magnetic pole faces and second nmagnetic pole facés?eﬂggnﬂage
with each other. 128 DL' G'' 2 0 0 3 74. A flat acoustic conversion device
conprising: a first magnet disposed so that a first nmagnetic pole face is
substantially parallel to a predeterm ned surface; a second magnet

di sposed adjacent to or in contact with the first nmagnet such that a
second magnhetic pole face having a polarity different fromthe polarity of
the first magnetic pole face is Substantially parallel to the
predeterm ned surface and faces towards the sane side as the first

magnetic gol e A ageicBistt RenvetdicH agpaiRlconfridh@r at i ng menber provided with a
conductor placenent portion and having a conductor which interlinks with

magnetic flux 4 mpmngde dd Whichadd S86neh rasdisimily e RaREdhiaR hhsconduct or
pl acement portion-, a housing nenber for housing the conductor and the

Vi br at i ngmagEae holetf@GLhkES seddhd agheti@pbie fadéen thatigly FediRséntfglargnvel opi ng
t he conduct or placenent portion of the vibrating nenber together with the
conduct orfaginglintthesahy diggtpp@r t i ng the conductor placenent portion of the
vi brating nenber together with the conductor such that the conductor
pl acenent por ta oen-mbgridtie pliaby member foendaldn aisbeat ahagel endf vi brating t oget her
with the conductor w thout the conductor placenent portion of the vibrating
menber and t hesexondbasteqrovidadi with dontireicopdralottorsi t h t he i nner Surface of the
housi ng menber. 9 ABSTRACT Fl at, quadrangul ar per manent magnets nil8, n28,
m88 are di sposwherein the yakpag@@lioplidble membenia dnieppseddisitwesndbe §rsf beaseng upwar d
and so as to be

and the second base, and wherein the first base, the nonmagnetic pliable member, and

the second base are mounted together integrally such that magnetic flux substantially

parallel to the plane interlinks in the conductors.

63. The flat acoustic conversion device according to claim 62, wherein a surface of
the second base which is on the opposite side to a surface facing the first base is
maounted to a member comprising a nonmagnetic body which is capable of vibrating

and which is larger than the second base.

64. The flat acoustic conversion device according to claim 63, wherein the body
which is capable of vibrating is mounted to another body which is capabie of vibrating,
said other body which is capable of vibrating being larger than the body which is

capable of vibrating.

65. The flat acoustic conversicn apparatus according to claim 62, wherein the first
base is formed by locally magnetizing a plate-shaped magnetic material such that first

magnetic pole faces and second magnetic pole faces alternate with each other.
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adj acent to one another or contact one another, and such that nmagnetic
pole faces of different polarities are disposed alternately. A-ynbngtizgw
menbrane 26 is di sposed on a top surface side of the yoke 20 so as to be
parallel to the nagnetic pole faces of the permanent magnets. Coil pairs
L18, L28, L38, which are wound in helical forns and are di sposed at front
and reverse surfaces of the vibrating nenbrane, are disposed on the
vibrating nmenbrane 26 so as to correspond to the permanent magnets ml8,
n28, nB8. The coil pairs L18, L28, L38 are wound in helical forns so as to
be forned substantially simlarly to outer edges of the magnetic pole
faces of g4 he pesRRESstiEBENRIsfon FParaiBBacchBifhg th RRRH 6BONNPER MLHsOf the
helices of the coil pairs are disposed at outer sides of regions which
include pgssetié Rivted BP locaIRNAGHetaNd 8 pRentitiped dfaghtte mMagNesueh pal frsff aces, and
outer peripheries of the helices of the coil pairs are disposed so as to
over | ap omegrfiopblefaces BeL satoRd inagngiiepdRrTacds dragattvithaaeh diheposed on t he
yoke so as to be adjacent to or contact one another, nagnetic fl ux
traveling in a direction substantially parallel to a surface of the

vi brating nmenbrane beconmes a nmaxinmum and interlinks with the coil pairs.
When curr@hnt iAn seopplid eadversion tiédcecamipsising: di rection of force which the
current receives froma magnetic field is a direction substantially

ort hogonal to a breaker ¢dgeevinh isinsowideldrwith agurved pbitiam eompnisihdf ar elestion a
direction along the surface of the vibrating menbrane becones extrenely

| ow. ThusTembgravios moraitian ketwean aneoyterdrpsipiierakpustipr; angk ansiboeiceeiolerek y can be
i mproved.

portion thereof formed in a curved shape, and an outer peripheral portion of which
speaker edge is fixed to a frame, and an outer peripheral portion of the vibrating
member is fixed to an inner peripheral portion of the speaker edge, and in which
speaker edge a high elastic modulus portion whose modulus of elasticity is lower than
a compliance of surrounding portions is formed in at least one portion in the longitudinal

direction of the curved portion thus reducing the amount the high elastic modujus

portion is deformed by external force.

68. The acoustic conversion device according to claim 67, wherein the thickness of
at least one portion in the longitudinal direction of the curved portion is made thicker, or
a high elastic modulus portion is provided by increasing the density of an elastic body

forming the one portion in the longitudinal direction of the curved portion.

69. A vibration actuator comprising:
a first base on which are placed on substantially the same plane a first
magnetic pole face and a second magnetic pole face each having a different polarity

facing in the same direction;
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a non-magnetic pliable member formed in a sheet shape; and

a second base provided with continuous conductors,

wherein the non-magnetic pliable member is interposed between the first base
and the second base, and wherein the first base, the nonmagnetic pliable member, and
the second base are mounted together integrally such that magnetic flux substantially

parallel to the plane interlinks in the conductors.

70. The vibration actuator according to claim 69, wherein a surface of the second
base which is on the opposite side to a surface facing the first base is mounted to a
member comprising a non-magnetic boedy which is capable of vibrating and which is

larger than the second base.

71. The flat acoustic conversion device according to claim 70, wherein the body
which is capable of vibrating is mounted to another body which is capable of vibrating,
said other body which is capable of vibrating being larger than the body which is

capable of vibrating.

72. The flat acoustic conversion apparatus according to claim 69, wherein the first
base is formed by locally magnetizing a plate-shaped magnetic body such that first

magnetic pole faces and second magnetic pole faces alternate with each other.
73. The flat acoustic conversion apparatus according to claim 70, wherein the first

base is formed by locally magnetizing a plate-shaped magnetic body such that first

magnetic pole faces and second magnetic pole faces alternate with each other.
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74. A flat acoustic conversion device comprising:

a first magnet disposed so that a first magnetic pole face is substantially parallel
to a predetermined surface;

a second magnet disposed adjacent to or in contact with the first magnet such
that a second magnetic pole face having a polarity different from the potarity of the first
magnetic pole face is substantially parallel to the predetermined surface and faces
towards the same side as the first magnetic pole face of the first magnet;

a vibrating membef provided with a conductor placement portion and having a
conductor which interlinks with magnetic flux from the first and second magnets
disposed on the conductor placement portion;

a housing member for housing the conductor and the vibrating member
together; and

a pliable supporting member for enveloping the conductor placement portion of
the vibrating member together with the conductor and thereby supporting the conductor
placement porticn of the vibrating member together with the conductor such that the
conductor placement portion of the vibrating member is capable of vibrating together
with the conductor without the conductor placement portion of the vibrating member

and the conductor coming into contact with the inner surface of the housing member.
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ABSTRACT

Flat, quadrangular permanent magnets m18, m28, m38 are disposed
on a yoke 20 with their magnetic pole faces facing upward and so as to be
adjacent to one another or contact one another, and such that magnetic
pole faces of different polarities are disposed alternately. A vibrating
membrane 26 is disposed on a top surface side of the yoke 20 so as to be
parallel to the magnetic pole faces of the permanent magnets. Coil pairs L18,
L28, L38, which are wound in helical forms and are disposed at front and
reverse surfaces of the vibrating membrane, are disposed on the vibrating
membrane 26 so as to correspond to the permanent magnets m18, m28,
m38. The coil pairs L18, L28, L38 are wound in helical forms so as to be
formed substantially similarly to outer edges of the magnetic pole faces of
the permanent magnets m18, m28, m38. Inner peripheries of the helices of
the coil pairs are disposed at outer sides of regions which include positions
corresponding to centers of the magnetic pole faces, and outer peripheries
of the helices of the coil pairs are disposed so as to overlap one another.
Because the permanent magnets are disposed on the yoke so as to be
adjacent to or contact one another, magnetic flux traveling in a direction
substantially parallel to a surface of the vibrating membrane becomes a
maximum, and interlinks with the coil pairs. When current is supplied to
the coils, a direction of force which the current receives from a magnetic
field is a direction substantially orthogonal to the surface of the vibrating
membrane, and force in a direction along the surface of the vibrating

membrane becomes extremely low. Thus, noise components can be reduced

such that sound quality can be improved.
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