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b TECHNICAL FIELD
The present invention relates to a dynamic speaker used in various types
of audio apparatus, more specifically, a loudspeaker suitable to reproduce high

frequency range sounds.

10 BACKGROUND ART
Loudspeakers for reproducing high frequency range sounds are normally
called tweeters. The DVD Audio, Super Audio, which are the audio equipment
introduced recently to the market, reproduce the music sources whose frequency
range has been extended to 20kHz or even higher frequency. So, the tweeters are
16  requested to reproduce high frequency sounds higher than 20kHz, preferably up to
100kHz. At the same time, loudspeakers are requested to be compact in size, in
order to meet the generally prevailing trends in the field of audio equipment, the
downsizing,
In the meantime, there has been a number of problems among the
20 conventional tweeters with dome shape diaphragm in reproducing the sounds
higher than 20kHz,
To address a problem of decreasing driving force in the high frequency
range, a modified structure in the tweeter, or a leaf tweeter, has been proposed.
A conventional leaf tweeter is described with reference to FIG. 9A - FIG.
26 9D, and FIG. 10. In FIG. 9A - FIG. 9D, and FIG. 10, diaphragm 23 is formed of
film 20, coil 21 and frame 22, and magnetic circuit 29 comprises bottom yoke 24,
outer yoke 25, plate 26, magnet 27 and two magnetic gaps 28 formed between
outer surfaces of plate 26 and inner surfaces of outer yoke 25. Diaphragm 23 is
disposed so that coil 21 is located on the upper level of magnetic gap 28, and
30 frame 30 fixes diaphragm 23 and magnetic circuit 29. Conventionally, insulating

cushion material 31 is provided between magnetic circuit 29 and diaphragm 23,



In the neantine, there has been a nunber of problens anong the 20
conventional tweeters with done shape diaphragmin reproducing the sounds
hi gher than 20kHz. To address a problem of decreasing driving force in the
hi gh frequency range, a nodified structure in the tweeter, or a |eaf
tweeter, has been proposed. A conventi@nal |eaf tweeter is described with
reference to FIG 9A -FIG 26 9D, and FIG 10. In FIG 9A -FIG 9D, and

FI G 10, - di aphr agyielatiove cBfiBtte leaf bibdRer? Yhefi Aetirfchl i il I e,]%a o 2Nd

magnetic circuit 29 conprises bottom yoke , outer te 26,
magnet 27 aoodl 2@ drivi azelggpsermdﬁmcmkallvdmlelmbeemutHegmtcdf\mdeﬁlmf pl ate

26 and inn f of . .out e.25. Dia dji, sposed so that
coi |21 1o 40318 EGRGRD 1 gt Bl e Efine aprch BpredtPd il 3 vitiaf 5858 2re 0
fixes di aphhagfiviag fare afid Gilai0Gadites tielsodfid w@esver'mu@m! leXf twieBRE A6 1 N9

cushion material 31 is provided between nmagnetic circuit 29 and di aphragm

23. 2 I t&dga@tagwsa)mwm SDB@HW@V@étlﬂher thansd0kHzect ri cal input is

delivered to | c h has
been i ntegrated V'l\-nﬂc}%e]v]pr,l m 2 &Qérﬁfed 5?1teven d&y 3h& g&ﬁ%ﬂ\é force
gener at ed idrawbacks21 wi t hout I 005| ng the dr| ving force and film 20

radi ates t sou S.,. Thus .t he I tweeters ,are advant ageous in
repr oduci ngﬁlgoungq’\ﬁdvé@ ?ﬁ'&?@?ﬂ lﬂgaﬂ ll‘?&,e IWERIGRS J§ sevey é‘%d\?éa’géﬁri bed

| eaf tweet ghg Bﬁgﬁnér Ay-usdd GHYnB-Qh r@g@gﬂgq Sters( 1)I'h-§hﬁes\ﬂtéj? a%edf@zﬁ?@t 'c gap

28 in leaf tweeters 1 s several arge as t of generally-used
done- dil&phrmagnetioflux slensityTh lFsrthe!mdre,§lnqe the nhostraoncedrateimagngtie flux if | ux

magnet | ol SeRBNc g 4ol Ied R bRIREY S PR A o s o o

due to it Sitsstrudtuireir €. Narrely, |n order to make the magnetic flux
the conventional |eaf tweeters are

concentrated to ti,c

provi ded with pl gﬁ’g‘ Y ip g °ﬁé° gla\l;gp themagneticdlux concentrated-tq fpagnstic gap of

magnet 27 t t owar ds
magneti c ga%“i'h?égngegﬁ%ﬁ llgaE tﬁfllgei?bg%‘é ﬁé’?&'ﬂeg mﬂp@ a@%&é?\gﬁ?@ argmrtrg%%et ically

sat ur atléd deastithe samei as thateoftreagnat 27}I8ﬂd(!llltﬂ! ryoko RS egaipped witlliaf profriusion as much

oot kS Wyl R "B, b O PR 9B 005
Slf fS :Og Isggt | VFusthepnere! # mapRetitany EathRyed coﬂaniasagmbh@d %m:@&teme%%f 21 is
diffusing as much magnetic flux upward., The magnetic flux, however, diffuses
also downward; therefore, it is difficult to collect the magnetic flux from magnet
20 27 efficiently upward to the upper level of magnetic gap 28, where coil 21 is
disposed.
) As reproduction sound pressure of a loudspeaker increases in proportion
to a magnetic flux density of magnetic gap 28, a size of magnet 27 has to be
increased to make the sound pressure high. Larger magnet 27 naturally
26 necessitates larger plate 26 fixed on the upper surface of magnet 27. Bottom
yoke 24 and outer yoke 25 are also required to be larger. These lead to a larger
size magnetic circuit 29, which does not meet with the recent requirement for
compact loudspeakers.
3) In the conventional loudspeakers, directions of magnetic flux at two
30 magnetic gaps 28A and 28B shown in FIG. 10 are opposite to each other.
Therefore, a direction of electric current is reversed between coils 21A and 21B.
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| east oife resyammte a suffigieatly highgound pregsyee.om surface of the magnet, a flat
plate fixed on an 16 upper surface of the nagnet, a magnetic circuit having
magnetic gaps formed between the plate and the yoke, and a flat di aphragm
havi ng coi|l disposed abovdDISGLOSUYREORTHEINVENTIONNet has a width greater
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diaphragm. According to a structure in accordance with the present invention, a
20  volume of the magnet can be increased without increasing a size of the magnetic
circuit. Furthermore, the magnetic flux can be concentrated to a portion above
the magnetic gap, which enables to make the magnetic circuit efficient and
compact. ‘Thus a compact and high-efficiency speaker suitable for the
reproduction of high frequency range sounds can be provided.
26
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1A is a plan view of diaphragm of a loudspeaker in accordance with
an exemplary embodiment of the present invention.
FIG. 1B is a plan view of a magnetic circuit of a loudspeaker in
80 accordance with an exemplary embodiment of the present invention.
FIG. 1C s a cross sectional view of FIG. 1B, sectioned along line A - B,
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FIG. 3B is a plan view of a magnetic circuit of a speaker in accordance

with other exemplary embodiment of the present invention,

FIG. 3C s a cross sectional view of FIG. 3B, sectioned along line A - B.
FIG. 3D is a cross sectional view of a speaker in accordance with other

exemplary embodiment of the present invention.

15

FIG. 4A is a plan view of a magnetic circuit of a speaker in accordance

with other exemplary embodiment of the present invention.

FIG. 4B is a cross sectional view of FIG. 4A, sectioned along line A - B,

FIG. 4C is a cross sectional view of a speaker in accordance with other

exemplary embodiment of the present invention.

20

FIG. 5 is an exploded perspective view of a speaker in accordance with

other exemplary embodiment of the present invention.

FIG. 6 is a cross sectional side view, used to describe a relationship

between a diaphragm and a magnetic circuit.

25

FIG. 7 is a plan view of a diaphragm,
FIG. 8 is a plan view of diaphragm of a speaker in accordance with other

exemplary embodiment of the present invention.

30

FIG. 9A is a plan view of a diaphragm of a conventional leaf tweeter.
FIG. 9B is a plan view of a magnetic circuit of a conventional leaf tweeter.
FIG. 9C is a cross sectional view of FIG, 9B, sectioned along line A - B,
FIG. 9D is a cross sectional view of a conventional leaf tweeter.

FIG. 10 is an exploded perspective view of a conventional leaf tweeter.



15 FIG 4Ais a plan view of a magnetic circuit of a speaker in accordance
wi th ot her exenplary enbodi nent of the present invention. FIG 4B is a
cross sectional view of FIG 4A, sectioned along line A- B. FIG 4Cis a
cross sectional view of a speaker in accordance with other exenplary

enbodi nent of the present invention. 26 FIG 5 is an expl oded perspective
vi ew of a speaker in accordance with other exenplary enbodi nent of the
present invention. FIG 6 is a cross sectional side view, used to describe
a relationship between a diaphragmand a magnetic circuit. FIG 7 is a plan
vi ew of a di aphr agrPESCRIFTIONSOF<THE PREFERRED ®MBODIMENTS of a speaker in
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descriptions on whidudsiakér M FecBfdanOd WithS4 first exemplary embodiment of the
10  present invention is described with reference to a leaf tweeter as shown in FIG. 1A
- FIG. 1D.
Referring to FIG. 1A - FIG. 1D, diaphragm 23 is formed of film 20, coil
21 and frame 22, A leaf tweeter in the present embodiment has magnetic circuit

29 comprising bottom yoke 24 provided with outer yoke 25, magnet 27 fixed on

16 bottom yoke 24 and magnetized vertically, plate 26 attached on magnet 27, and
two magnetic gaps 28 formed between an outer surface of plate 26 and inner
surfaces of outer yoke 25.

Diaphragm 23 is disposed so that coil 21 locates above magnetic gap 28,
and frame 30 fixes diaphragm 23 and magnetic circuit 29. Insulating cushion

20 material 31 is provided between magnetic circuit 29 and diaphragm 23,

A difference of the leaf tweeter in the present embodiment with the
conventional leaf tweeter is that a width of magnet 27 is greater than that of plate
26. The structure according to the present embodiment provides the following

. advantages:

25 (1) On the upper surface of magnet 27, the magnetic flux generated by magnet
27 flows two paths. Namely, in the region where plate 26 is disposed, the
magnetic flux generated from magnet 27 flows through an inside of plate 26 and
reaches to the inner surface and an upper surface of outer yoke 25. Whereas, a
magnetic flux generated from the exposed region, or a region not provided with

30 plate 26, flows upward, because of the direction of magnetization, and reaches to

the inner surface and the upper surface of outer yoke 25. Thus in the magnetic



Enbodi ment 1 A | oudspeaker in accordance with a first exenplary enbodi nent
of the 10 present invention is described with reference to a | eaf tweeter
as showi in FIG |A -FIG 1D. Referring to FIG |A -FIG 1D, diaphragm 23
is formed of film20, coil 21 and frame 22. A leaf tweeter in the present
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the wdth of magnét” 27 is increased. Thereby, 'a magnetic circurt t S
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Furthermore, overall height of magnetic circuit 29 can be reduced.

20
As an amplitude is small with the leaf tweeters, diaphragm 23 does not hit
the upper surface of magnet 27 even if thin plate 26 is used. So, a distance
between innermost windings of right and left coils 21 can be made shorter than a
width of magnet 27, as shown in FIG. 1D. Consequently, a number of windings
25 of coil 21 within a limited space of magnetic gap 28 can be increased in the
structure of the present embodiment. As a result, the driving force, which is
determined by a product of length of coil 21 and magnetic flux density effective to
coil 21, can be made greater. Depending on conditions, the width of respective
coils can be made greater than a space between magnet 27 and outer yoke 25.

30  Thus, the loudspeaker efficiency can be increased to a sufficiently high level.



(4) By the same principle as described above, magnetic circuit 28 having
magnet 27 of the sane size provides stronger nmagnetic flux by reducing the
width |I'b of plate 26 smaller than that of magnet 27. (5) It becones
unnecessary to nmachi ne the surface of outer yoke 25 facing nmagnetic gap 28
to have a protrusion or the |ike shape.7 Thus, machining costs for bottom
yoke 24 and outer yoke 25, as well as relevant parts costs, can be reduced.
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direction aP@“'Hg@E yaﬁ'a%q Rrotaided;at ymiddle, of betore plate24 andan inpstiswfacan upper
surface and(F1 1hgbkam surface of magnets 27a, respectively. Nanely, magnetic
gap 28 in t present enbodi nent is fornmed between an outer surface of
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20  or a region where no plate 26a is provided, flows upward because of the direction

of magnetization, and flows towards the inner surface and the upper surface of
protruding yoke 25a. Thus the magnetic flux is concentrated more at a region
above magnetic gap 28, and a magnetic flux density effective to coil 21 disposed
above magnetic gap 28 increases and an efficiency of a loudspeaker increases.

26 The use of two magnets 27a enables to constitute stronger magnetic circuit
29a for a leaf tweeter. Thus, a compact yet highly efficient magnetic circuit is
obtained, like in the first embodiment.

Furthermore, when diaphragm 23 is provided so that a distance between
outermost windings of two coils 21 is greater than a distance between the inner

30  surfaces of two magnets 27a, as shown in FIG. 2C, a number of windings of coils

21 available within a limited space of magnetic gap 28 can be effectively increased.



20 or a region where no plate 26a is provided, - fl ows upward because of the
direction of magnetization, and flows towards the inner surface and the
upper surface of protruding yoke 25a. Thus the magnetic flux is
concentrated nore at a region above magnetic gap 28, and a nagnetic fl ux
density effective to coil 21 di sposed &bove nmagnetic gap 28 increases and
an efficiency of a | oudspeaker increases. 26 The use of two magnets 27a

enables to mfssiﬁigher%ﬁspemﬁéffmefkarpb&wtﬁmha,_nk%%ﬂtﬁepﬁrsﬁe Gétfimeyget er -

Thus, a conpact yét highly efficient magnetic circuit is obtalined, like in
the first enbodi ment. Furthernore, when di aphragm 23 is provided so that a
di stance b ernost wi ndings of two coils 21 is greater than a

di st ance bgﬁiﬁggﬁqeﬁgsi nner 30 surfaces of two magnets 27a, as shown in
FIG 2C, a nunberA tdudspeutteniysactbrdance withla ehifd ém&;ﬂm?'i énibgtliment oF thed space
of magnetic gap 28 can be effectively increased._ 8 Thus a higher

| oudspedk erPIESSNE NEGMIPNC i, described awith greference o) FIGe 34 s tFlGhh3Ri nevt .

Enmbodi nment | : W ' e odi ment
of the 6 posdmepk? IR pockil AKREHANCS i toled it bitelt " RURbIEHIRECD,
3D. A | oudopadKesf twedtére appeasend eridiffsrertnfrom itle apeakersdin ahd carifegt er .

Al t hough the

round | eaf eter appears to be dqifferent fromphe speakers
i { e oar O diRts I e 2 hsesportBRs Riiug saiedl quaciions s, drshed By
functions ajstnglthe game Af¥fmedals, Usi ng the same nunerals. 10 Points of
difference fromthe first and the second enbodi nents are that the plan

vi ews 0 a shape Fointsipdiffercnae framuthe fisstiand the: second ¢mbodiments aresthatthed, and

t hat di aphr i ' ' ort | - di ment
o escr, D yiedys, St MRS, o Waglllin 23 W abife it 29 6% Sl BBET P01
di f f er ence. thatdidphragm @8fincludesawoofbratihgpettipenker i nproves in proportion to
an area of di apl;}rhagm 23, a,viprati,n ea . shoul e ,as | argest as

ar
possi bl e. However'® @Ri?&h§mﬂdﬁ‘?f’"§ H%%a edn dhe pe:otpcpsing 9a the
convent i ona&ﬂoye_ggggﬂbggggﬁtg Sfiffelenget €rs, or in leaf tweeters having

structures as described I'n the ear I'er enbodi ments, naturally results in
an i ncridased magdest arc efficienzg . of Bx faxdsped k@Oimprgvest incprypertida th emdares of an

oot eased, TR, 45 NigAhis e AL Hhtie R o i o511
expansion in the area of diaphragm 23 in the conventionally configured leaf
tweeters, or in leaf tweeters having structures as described in the earlier
embodiments, naturally results in an increased magnetic gap 28. Expanded

20 magnetic gap 28 leads to an increased magnetic resistance in a magnetic flux path.,
‘and, as a result, deteriorates magnetic flux density and lowers the loudspeaker
efficiency.
In the present embodiment, in order to increase the area of diaphragm 23
without increasing the width of magnetic gap 28, the plan view of magnetic circuit
26 29 is made to have a round shape, and a width of magnet 27 is made to be larger
than that of plate 26, as shown in FIG. 3A - 3D. Thus, a further improvement in
the efficiency is aimed for.
In the above-described configuration in accordance with the present
invention, magnetic flux generated from the upper surface of magnet 27 shows
80 four paths, each of an inner magnetic gap 28 and an outer magnetic gap 28 having

two paths, respectively.



In the present enbodinment, in order to increase the area of diaphragm 23

W t hout increasing the width of magnetic gap 28, the plan view of nmagnetic
circuit ' 26 29 is made to have a round shape, and a wi dth of magnet 27 is
made to be | arger than that of plate 26, as shown in FIG 3A - 3D. Thus, a
further inprovement in the efficiency9s ained for. In the above-described
configuration in accordance with the present invention, magnetic fl ux

generat ed from t g Repecrotd! ha Gfindt migHAE (pap D8 ¥ Enagrllid AE cBliliRg cach of

fi
an inner magnetic gap 28 and an outer magretic gap aving- two pat hs,
r espect i vel fyom magnet 7 inctheaegion of plete 261 ews tirgngh the igside 28 platd26,mmdnet i ¢

flux generated .from magnet 27 in the I on of ate_ .26 fl.ows through the
i nsi de of Stfl%‘{’%t ,91%114 T} thSWZ Sp ﬁ%‘f i%‘pg?ﬁeﬁﬁ‘é‘%&?e of ceutzal PIRHUGIAG (pper

surface of t253  Mhetmaghetid flux Peaerafed. frdmahoRape¥ed Gegioh Xooegegibrd from
t he expase lon, or the region 6 ~ where there is no plate 26, flows

upward Bec a‘Mﬁ%e!'gélier? isdaplate 26, Baws ppyargrhecauss of Hie diregtion of magnatizekionds t he
i ph | f f di 25a.
peripheral g4 FRGR ﬁi%&é*%élgﬁgp@dg ggffg%o and eﬁﬂarg]h?cr p#l.‘%arcb' 61“%%?4? a

Wth respect to the outer ma a magn C ux generated from
magnet 27 iprotrhdingggkeodSonf plate 26 flows through the inside of plate 26,

and flows 10 towgrds the inner surface and_fthe upper surface of outer yoke
25. A magnetic fWBEﬁj&éHE‘?‘é? QuiH TnegasHc gep ?é-dﬁ’BHE‘Pe@FffWCP%Feérﬁ%ere

there i s nompgrieh 27 2P thelrbioR of ?gh‘sf@?ﬁ fI8@S "ﬂ%ﬁgl?fhe}iﬂﬁdé’ bf gﬁ | 25 afld flows

magneti zation, and flows™ towa e inner ~surface and the upper surface
of out &0 ydrwapds. thetiuner isuefaees amdb thecuppen surfacecofhouter yokee?5.t cAthagnetiea above

magnetic g | t ' ef fectyve to coil 21
can be eff iaﬂg'?xe §/at%tﬁtg§1§}§ gg&“\%ﬁé‘?’e‘?’rgﬁ%fﬁ%ﬁf#@ rgfsdgodplpﬁiig, ﬁ%sport I ons
and di sposerpward dieeqise afrth@ Hireativh of atignetizatibr, shdvFlowe towaids A6 imiee
di sposed on“&eggec '%e t WO ﬁ%&tic aps .28. Consequently, the |oudspeaker
speaker ef f3uCkd, E‘}f“ UPReLSY f e OXEdr e, as shown in FIG 3D, by

Ki ¢ : i ] . : ; neti ¢
meking an out er Mgy fe fic Pilix 13&)&6@1&&@@10"(2? E&ﬁ%ﬂo%&%&h@ﬁﬁ{] 28;{?]19 :

gap 28 to be greater thar an inner met er magne ner nost
di anet di6 ofanddhe dedsityi efpmagnetieftuxcctfdctive ta coil 2trmgn deieffigiemtlyBicteasdte snal | er

th t di ter. of. t 27, t i 2 i 1 ahl it hi
[ tod spatertp B AL s vl 8lp S postons L aSBord oncdinfvaey B Sudls he °
ef ficiency eathaflthe dividak portions ake dispededasit tespectivesidio fa@hdtie! Yaps 6! . i n

the 26 sa manner. as in the first and the second enbodinents. Enbodi nent
4 A Ioudspgfﬂhquliq?ﬂé{d ® fvdspeakey spraker eHisiency dsingrsasedy enbodi nent of the

S, 00 ORI 1 58l By SR PO
enbodi @¥nt cwill disposed on the inner magnetic gap 28 to be greater than an inner diameter

of magnet 27, and an innermost diameter of coil 21 disposed above the outer

magnetic gap 28 to be smaller than an outer diameter of magnet 27, turns of coils

21 available within a limited space of magnetic gap 28 can be increased effectively.

Thus the efficiency of a loudspeaker can be increased to a satisfactory level, in the

206 same manner as in the first and the second embodiments.

Embodiment 4
A loudspeaker in accordance with a fourth exemplary embodiment of the
present invention is described with reference to a leaf tweeter as shown in FIG, 4A
30 - FIG. 4C. Those portions identical to those in the first embodiment are

represented by the same numerals. A diaphragm in the present embodiment has



represented by the sanme nunerals. A diaphragmin the present enbodi nent has
10 the sane shape as in the third enbodinent. A point of difference from
the'third enbodinment is in a structure of magnetic circuit 29. In the
present enbodi nent, two nmagnets 27b are used to increase the magnetic fl ux
density at two magnetic gaps 2%a and 28®, 6 Nanely, in the structure in
accordance with the present enbodi nent, two magnets 27b, adi sc-shaped
magnet and and both of two nagnets are
magnet i zed @%k{iﬂ vﬂrﬁltglri@g @P?delg{%ﬁ The bottom surfaces of
respective nmagnets pbﬁh ofr differenee Mmbthbtthﬂdyaklmdilﬁcnmi ire astrucluge Wper

surfaces of ma n.ets 27 pla s 26b, s -shaped pl ate d aring-shaped 10
pl ate, are MAKEHC qlrcufy PWSB‘?t mspt Ve HIsgneissnihae wegdet 27b is
grater thannkfaalc B nid ctﬁﬂﬁ&&ﬁﬁ?ﬁtﬂ&hﬁ ﬁb rpgpnner diameter of

t he ring-shaped nagne Is smaller th a an o hne | ameter of the

ring- shdped pl at dNamgtly, imithe stryoture iin ascapdanep yeith ﬂlarpreacnscmbodlmenl;rm\goet s 27b

are exposed 8a |s Jormed . between _an i.nne rface of
ring- shapedngg%%’ﬁg'\@%n%pgﬁ%gﬁgﬂé [ ﬂn$ §h°pPF8\W§%’8te8FP ‘bs(')”fitﬂ}?{?faﬁe 24,
and an out esf tws frapmensl adi fitagadtizeé dnpihat Candd RertidhE dire@itdl heThemBaWh I C gap
28b is formed bet en an, outer surface of%fgrotrudl ng &ke 25a and an i nner

surface of Frspeqtivetaagnets 27k, arenfixeth 89 oot yoksodd.cwhile gorthei on, t he
t fl I nner

Tagnet | 6 g %ﬁ%“*ﬂfﬁﬁgf plaebs 27b: Paist'28f; £ ORESHnfBe od 3 BIREARG| 100

magne% 1®7b platnaudsf‘umd,tmspacngdg.t i A dispeteBof ;ﬁrmmbmﬁpmrgpgt?ﬂzgés;%ﬁgi vel y,

resulting i n S i a

magnet i cgg lﬁa’kg'!ft Fﬁg ‘ﬁﬁ“gﬁ@ﬁ"g HQ%%ELY}S‘HM %‘“PF’O&I‘P @ g’?i‘l"’ ngshapedngnet

27b at the magiepn7®is s@\haﬂleen&ﬁlanﬁhmléxha@pmhé Mglsnﬁpeaqﬂﬂte 28bat ThgHb, and

flows towards the inner surface and the upper surface of protrudi ng 26 yoke
25a. The neRfiFdenscofi ypper surbines of twp anagngts ¢ SAPOSSyi upwards: tMagneugu on

oo A R A RPIBOS AORET B cc o

pr ot r udisng which i® providatt én bettgrr gioke (24;)undaan mawneurfacegaﬁ)diaﬁbh?eﬂglmgnet ic
fl ux suppl Lﬁ fro%o maﬂnet 27b at tE!ﬁ ri ng- sha | at e 26b
flows thro t he ApRihiey magngtic CYVRRA HisOU
ci rcunf er enggirdding 36Ke %Hjadﬂ%ﬁhn&%fﬁé‘eeoﬁﬁng-shaped plate 26b.

In the above-described configuration, the magnetic flux supplied from

central disc-shaped magnet 27b towards inner magnetic gap 28a, and the magnetic
20  flux supplied from outer ring-shaped magnet 27b towards outer magnetic gap 28b
exhibit two paths respectively, resulting in four magnetic flux paths in all.

With respect to inner magnetic gap 28a, the magnetic flux supplied from
the disc-shaped magnet 27b at the region of plate 26b flows through the inside of
plate 26b, and flows towards the inner surface and the upper surface of protruding

26 yoke 25a. The magnetic flux supplied from the exposed region, or the region
where there is no plate 26b, flows upward because of the direction of
magnetization, and flows towards the inner surface and the upper surface of
protruding yoke 25a.

With respect to outer magnetic gap 28b, the magnetic flux supplied from

30 magnet 27b at the region of ring-shaped plate 26b flows through the inside of plate

26b, and flows towards the outer circumference surface and upper surface of



11 protrudi ng yoke 25a. The magnetic flux supplied fromthe exposed region,
or the region where there is no ring-shaped plate 26, flows upward because
of the direction of nagnetization, and flows towards the outer surface and
t he upper surface of protruding yoke 25a. 6 Thus the magnetic flux is
concentrated to the regi ons above magndlic gaps 28, and the magnetic fl ux
density effective to coil 21, which is divided into two portions and

di sposed abgreruingyoke Qsaam@ﬁa%no?ﬁmuxrsﬁp of fronflthe c)gfb@ecpf‘e il bt ntly
i ncreased. Consequently, the |oudspeaker €efficiency I |ncr§ase ) il 21
in the presigionowhers them is aof Bn psd platepth, aflows Iipward: because i ofgthe0

. Fugi i ' i d di t '
Plrne of cotr ol CmagRrBRa, rabdl sl he o R o e ligesToy
magnet i ¢ gapsfaesaf piidinghwkeRba.ci ency of the | oudspeaker can be increased

to a sufficiently, high |level, Wth respect to other cqnponents other than
magneti ¢ ci rcui tylgys ‘Fqﬁ‘cfﬁy"t‘ﬁéf’%&;@e@lF%WFH%‘OWV&@%F‘MM, are

i rrel evant 28 dndqhé yaakid i®f dfedeki | 0 : LG circuit
29. Therefore, shapes of sug’tﬁ@ggm o%%%lggﬁqu@r&é@?ﬁnfﬁ ﬁlgg%?g(\?\nttﬁé are
only the exporfipes aadddispesed alnveomagnetiongapo28ap28be respeetively; ecandibef er ent

shapes. At | G cikcuit 29 and di aphragm .in the,third and the
fourth 20 e%'g%ﬁﬂgﬁiﬁgr%é#ﬂ@ deé%?‘i)@&abag’?d?%ﬂgﬁeaﬁghﬁ IeNeY oIS {NCEEASehy have
an obl ong cCoit!A iy tie pﬁﬁémr@hﬁoﬂiméﬂaﬁefonh%tcﬁiadiapﬁﬁgm%@rﬂ&' g :ﬁﬂngi el d the
sanme advant ages. Enbodi nent 5 A | oudspeaker in accordance witr? a frfth
exenpl BSnent of the 26 present invention is described with
reference to a | e | 8es I @ns
naving | dent | cal TPenerechs ecRbGY h 18, thirFembolliibas'sndd ARy R0k g8 e
are descri beadlsi3l canebes formed affectively withimarlimijed space Gf rhagnetio gaps 2845 8,

di aph i .ached 2. Plate 26, . 27, O ke 25
fenmin She. 2k eReaRAGoe e 1dia8Heaker con b ibastasid Bt ibeiniy Bighdoysbie 250 i n
the present emo@mf&pé&twémbfé&ﬁﬁ&eﬁ@&ﬁﬁtﬁdﬁ&ﬁﬁ%ﬁ&%@@%ﬁ%@ fh6Gmand i s

provided at a center with a hole for taking |le
16  the above drawings such as frame 31, are irrelevant to the downsizing and

efficiency improvement of magnetic circuit 29, Therefore, shapes of such
components illustrated in the drawing are only the examples and these components

may of course take other different shapes.
Although magnetic circuit 29 and diaphragm 23 in the third and the fourth
20 embodiments are described based on a round shape, they may have an oblong

circle or a rectangular shape, instead, for example, to yield the same advantages.

Embodiment 5
A loudspeaker in accordance with a fifth exemplary embodiment of the
26 present invention is described with reference to a leaf tweeter as shown in FIG. 5 -
FIG. 8. Those portions having identical functions as those in the first and the
third embodiments are described by the same numerals.
Referring to FIG. 5 through FIG. 8, diaphragm 23 is attached to frame 22.
Plate 26, magnet 27, outer yoke 25 remain the same as those in the third
30  embodiment. Protruding yoke 25a in the present embodiment is protruding on
the inner bottom surface and is provided at a center with a hole for taking lead 13



In the same manner as in the third enbodi nent, inner magnetic gap 28a is
formed between magnet 27 fixed on the inner bottom surface of bottom yoke
24, " plate 26 and protrudi ng yoke 25a, while outer nagnetic gap 28b is
formed between 6 magnet 27, plate 26 and outer yoke 25. Diaphragm 23 in

t he present enbodiment is made of insullating film20 and coil 21 forned
thereon. Coil 21 is consisting of inner coil 21 corresponding to inner
magnetic gagy28a and outer coil 21 corresponding to outer magnetic gap
28b. I nner c0|I 21 and outer coil 21 are continued, while w nding

di rections of 10 Indbgpsame menneyias in ﬁxedhnéembednhdm insermagnetic gap'P8a 30i | s 21

di h b t ti
565 and’ | ool bAGteeE Hiakneban BSE B he' Boktbodory Sudacesst taltom vk g plat o
26. \Wen el glaferd6rand ;ﬁaahm@ yokBaiSaVWhﬂel oher Hﬁbﬁet%@ 28b i€ Bdrined %Stweaﬁul ating

film20 vibrates to genera e sounds. Since netic gaps 28a and 28b
are forrfed Wegnet7spl NQI?&M@WYleﬁ 15 the directions of magnetic fields

in inner magneti 8b .are 0, to each
other . Sor ot 1 i PRegReLR R R YElenl UAR B §E madE e i RO 301
di recti on, adibccﬁb?.mﬂﬂnmdnl'mboﬁ 0 @eibD1 i dumkisting ofl e Boil L1 icoREHONGIng t

y coil 21 on magnetic gap 28a

secure a sound ressur.e. [ themﬁ&;
and coi 1 2P 18R rn‘ﬁwlf’cgaa 32‘9 oyfes corsespandingstoouier, magnesig gap20 Si nce
i nner coil 2y, a'lﬁné?%ﬂ@lcﬂﬁd odter B&iY 21 ?‘ﬁ@@oﬂt gﬁqdwﬁﬁ? Q/lﬁ({lﬂgldﬁectid?lts%?r at ed

coil 21, the coil can be connected w Iea nner  poi nt
and at Hhe sapestive coilstare mwrﬁsdimmhmesmomﬂmﬁhemdlspmcd sonhat eachi npl i fy

connectin be f r med h an of . the known

t echnol og?e@olge&&?hgg%%lﬁcﬁt br?égél '% ?\ggp &EF ﬁ?gﬁB B foil,

vacuum 26 fd:ememtietmen ?, 28] hﬂ&netad’vl%doplatﬁ 260i W}fehaé‘l@&neﬁil alf@' I, etc.
In the present enbodinent is provided with a

Si t

tlhpgﬁgﬁr ﬁo[@lve%ﬁm Eﬂhd’rﬂﬁéf’f %hzbﬂ“%’@ﬂtlngfﬂwlb@éﬁf to gerggateiseundsde usi ng
i aphr agm . whi S both igHto sepb 282ttt ity &f‘rﬁféﬁhkﬁ"ﬁﬂ#@%ﬁ’ée on

di aphr afm 1tha d&eetlonseﬂmagnetm fi¢ldSin maelghagrmﬁc galaﬁ&r aghouter egrxidiga

desi gni ng anot.h %ﬂ h B may vi ded | %net 2 and

pl ate 26, ‘}{588%9:“ Bﬁ%c g‘f 0y ﬁlﬁ“ﬂ'ﬁ CP@&a gou&eg °8{]J{}1 vste jieuagm 23 in
the pr esentmembe@lmmnkcﬁsﬁy tIREsdndy CatRe] v é&hvﬁth&k{cgldm tqfngbgﬁlﬂg qpcenent,

as illustrated in FIG Winkle 23a nmay be provi |rect|ons
Wit h appr oxiCRRCH spuad QEﬂSS‘Hﬁ-g uThis is theseasan svhywoil ¥ on magnesicigapi28eendt he

rigidity a ﬁnfeil QHW ﬁgg} it al so makes the

rigidity o;%éllsia‘pﬂ{ﬁﬁ ?ﬁ g\?é(rafe{‘h%&lglrg‘} area.” By (aking advantage of

t hese €fects, dSa;dermgm 28ilV2band exutérncail Qtlahw/eobecmt fdrimednasnaasinglend t he
DUSTRI, AL

nggﬁl(:tcirB: ﬁxl':gratég cmpjlal ltﬁg (cj:g %5’%( Be cSnnect erWlﬁ'l ﬁaads }29 only at one inner point

and at one outer point to the save spaces for connections, and to simplify

connecting operations. Coil 21 may be formed through any one of the known
technologies such as printing of conductive paint, etching of metal foil, vacuum
26  deposition, sputtering, adhesion of coil-shaped metal foil, etc.

Since protruding yoke 25a in the present embodiment is provided with a
through hole, connection of end of coil 21 and lead 13 can be made using the
through hole. As a result, there is no need to form lead 13 on diaphragm 1, which
contributes to an efficient utilization of space on diaphragm 1 and a reduction of

30  weight of diaphragm 1. Depending on designing needs, another through hole
may of provided in magnet 27 and plate 26, or in outer yoke 25, for taking lead 13



The above-descri bed configuration of magnetic circuit in the |eaf tweeters,
where the width of the magnet is nade to be greater than that of the plate
so that ‘part of upper surface of magnet is exposed at |east to the nagnetic
gap side, enables to provide a magnetic circuit that is small in size yet
yi el ds high efficiency. 15 This hel ps 48 i nprove the efficiency of small

| eaf tweeters. 14 CLAIMS 6 1. A | oudspeaker conprising: a magnetic circuit
conprising: @t |east one magnet; a yoke fixed to a bottom surface of said
magnet; a flat plate fixed on an upper surface of said nagnet; and a
magneti c gap f or rdpliragmedninsthe Ppredeat embodiment thay diecprovided Hithawfihkle

wherei n-" s ot dF et atatoriciudhy & pRRedin B, WHRe s oa BapiovitediB, and a
| east a pariadipi diRR€ions twmmlq, xifhafety raqqﬂetan'gﬂaﬁweﬁdallsg_ aninkfC 1239

directly to said diaphragm 2. The | oudspeaker of claim1, wherein said
yoke corfpr i Beprovestibe rigidifoand suppressesda distartien i diaphragor 23,cit alsb maked magnet

o o1 e YR SRR b ch Gl NnlE afel ki politpae it HRBES oo
bet ween coi ¢ffects diaphiagnt 23/eibputestin arssaté 6f stablk neannéd) and thewhaiabteASticdfofsai d
magnet .

the loudspeaker are improved.

10 INDUSTRIAL APPLICABILITY
The above-described configuration of magnetic circuit in the leaf tweeters,
where the width of the magnet is made to be greater than that of the plate so that
part of upper surface of magnet is exposed at least to the magnetic gap side,
enables to provide a magnetic circuit that is small in size yet yields high efficiency.

156  This helps to improve the efficiency of small leaf tweeters.



4. The | oudspeaker of claim1l, wherein said magnet and said plate have a

di sc-shape, and said magnet has a dianeter greater than a dianeter of said
plate. 5. The | oudspeaker of claim1l, wherein said nagnet and said plate
have a ring-shape, and a protruding yoke is further provided at a center of
said ring26 shaped magnet and plate, add sai d magnet has a width greater
than a wdth of said plate. 6. The | oudspeaker of any one of claim4 and
claim5, wherein said coil includes tV\DCp_mMSons, and a shortest distance
bet ween coils of respective portions is snaller than width of said magnet.
30 7. The | oudspeaker of claim1l, wherein said nagnetic circuit conprises a
first magnet provjii%&d &vith a first, plate, a second nmagnet provided with a
second 16 plate oydspegker (OMPLSI8k e di sposed between said first and
second magnets, S@mblgretic eirciit 2pAdifg:sai d protruding yoke farming a first
magneti c gap while said second p?ate and said protruding yoke formng a
second rlagnetic gap. 8atleasi onemagpetaker of claim 7, wherein said first

paral | el "o each ot her 888 BElRbak Bt ot Bld ARl mer or h sai d coi
includes two portions, amcblatbffiiehfimtmp@efédrﬁesoﬁﬁuidﬁﬁ@ﬁaghﬁw to said first
and second nagnetic gaps, respectlvel%b and a shortest di stance between

e

coils of respective pofimaghetic gapformedbetweemsaid plate andesaidyakgeen said first
and second magnets. 1044#. The | oudspeaker of claim7, wherein said first
magnet, said second nmagnet and said protrudi ng yoke are di sposed

concent¥ c. 11. Thilatl diaphrpgmkprovidéd wiithi avcdid andidispesed aboivel saidi magneticudes t wo
portions, each of the two portions corresponding to said first and second
magnetic g ] respectively, and a shortest distance between coils of
respective porti ofiferéin, shicataghet has h hddth datéﬁmmswqemmaidﬁﬂw,éddragt and
second magnets. 12. The | oudSpeaker of claim 10, wherein an inner dianeter
of an i nnerleas rast of upper surface of seidmagnebistexposing and facing dicgetly tmeridnagnet
and an out e&iaﬁflr ter of an outernost coil is greater than an inner

di aneter of an outer magnet. 13. The | oudspeaker of claim 10, wherein said
coi | indd udes twQ.dthetloudspeald? afaclhinofl, wherdinsajoydkeooemprises &b powsihng t o

said first and secon etic s, respectively, and a w nding direction
of respecti °éjcsﬁﬂ°s qtgﬁcgﬁgtiqrg S'?’g‘{}@rog éﬂat"bagé‘ﬁ'ciﬁ‘ er yoke dlsPOSC% ata

side of said magnet.

3, The loudspeaker of claim 1, wherein said coil includes two portions,

and a shortest distance between coils of respective portions is smaller than a width
20  of said magnet.

4. The loudspeaker of claim 1, wherein said magnet and said plate have a
disc-shape, and said magnet has a diameter greater than a diameter of said plate.

5. The loudspeaker of claim 1, wherein said magnet and said plate have a
ring-shape, and a protruding yoke is further provided at a center of said ring-

206 shaped magnet and plate, and said magnet has a width greater than a width of said
plate.

6. The loudspeaker of any one of claim 4 and claim 5, wherein said coil
includes two portions, and a shortest distance between coils of respective portions
is smaller than width of said magnet.

30 7. The loudspeaker of claim 1, wherein said magnetic circuit comprises a

first magnet provided with a first plate, a second magnet provided with a second



14. The | oudspeaker of claim 13, wherein said two portions forma _
continuous coil pattern. 26 15. The | oudspeaker of claim 10, wherein said
di aphragmis provided with winkles in radial direction. 16. The speaker of
claim 15, wherein said radial winkles are provided at substantially sane
angul ar intervals. 17. The |oudspeaker 16f any one of claim4 and claim 10,
wherein said disc 30 shaped magnet and said di sc shaped plate, or said

rotrudin ' | \ . : 1.5 taken
Ut 1 hr ougrP s et Biokaite el epbdnctyl B st seBHd AagrfRl b3 | 0100
ri ng- shapedfirstplatet andssaicbpretrizdingyoke farnting & dinstanugnatie gap while daidwecoad; a
round platelf{'i(agﬁo an upper surface of said nmagnet; 5 a protruding yoke
di sposed atP'&'® t‘"@?j pa?trgtﬁﬁgy Ling a8 Ba i§%uit conprising; a

first magnetic gap Ter adspeakeresh ciaih 7, RVréinadai $iadtImyBiee, sadddecopgsecond

magnetic gap fornmed between said plate and said protruding yoke; and 10 a
flat di dbhrzgenetand sajd arafiding yokeae digpesed impamileite eacheatherof t he two

ti i ' [ ond . magnet, S, ..
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19. The | ougicheufithe twb portions ddirespbisding o S&id FigPaNEkedond maghleflt lgapflat i s
grater than a width of said plate, and at |east a part of an upper 'surface
of said 16'eARRsHEeLY @%%ﬁﬂgﬂammw enils of wespeetivepoarionsi ia greateym  20.

The | oudspegkgh ditarfck BefWet sald bt sSctind hijfheROT L1 ONS forma  conti nuous

coil pattern.
10 10. The loudspeaker of claim 7, wherein said first magnet, said second

magnet and said protruding yoke are disposed concentric.

11, The loudspeaker of claim 10, wherein said coil includes two portions,
each of the two portions corresponding to said first and second magnetic gaps,
respectively, and a shortest distance between coils of respective portions is greater

16 than a distance between said first and second magnets.

12, The loudSpeaker of claim 10, wherein an inner diameter of an
innermost coil is smaller than an outer diameter of an inner magnet, and an outer
diameter of an outermost coil is greater than an inner diameter of an outer magnet.

13. The loudspeaker of claim 10, wherein said coil includes two portions,

20  each of the two portions corresponding to said first and second magnetic gaps,
respectively, and a winding direction of respective coil portions is reversed to each

other.
14. The loudspeaker of claim 13, wherein said two portions form a
continuous coil pattern.
25 15. The loudspeaker of claim 10, wherein said diaphragm is provided with

wrinkles in radial direction,
16. The speaker of claim 15, wherein said radial wrinkles are provided at
substantially same angular intervals.
17, The loudspeaker of any one of claim 4 and claim 10, wherein said disc
30  shaped magnet and said disc shaped plate, or said protruding yoke, are/is provided
with a through hole, and a lead is taken out through said through hole.



21. The | oudspeaker of claim 18, wherein said diaphragmis provided with
wrinkles in radial directions. 20 22. The | oudspeaker of claim 18, wherein
said radial winkles are provided at substantially sane angul ar intervals.
23. The | oudspeaker of claim 18, wherein at |east one of said protruding
yoke, said magnet, and said yoke is pragided with a through hole, and a
lead is taken out through said through hale.

18. A loudspeaker comprising:
a round ring-shaped magnet;
a yoke fixed to a bottom surface of said magnet;
a round plate fixed on an upper surface of said magnet;
5 a protruding yoke disposed at a center of said magnet;
a magnetic circuit comprising;
a first magnetic gap formed between said plate and said yoke; and
a second magnetic gap formed between said plate and said
protruding yoke; and
10 a flat diaphragm having a coil including two portions, each of the two
portions corresponding to said first and second magnetic gaps, respectively, and
winding directions of respective portions are reversed.
19. The loudspeaker of claim 18, wherein said magnet has a width that is
grater than a width of said plate, and at least a part of an upper surface of said
156 magnet is exposing and facing directly to said diaphragm.
20. The loudspeaker of claim 18, wherein said two portions form a
continuous coil pattern.
21, The loudspeaker of claim 18, wherein said diaphragm is provided with
wrinkles in radial directions.
20 22, The loudspeaker of claim 18, wherein said radial wrinkles are
provided at substantially same angular intervals,
23. The loudspeaker of claim 18, wherein at least one of said protruding
yoke, said magnet, and said yoke is provided with a through hole, and a lead is
taken out through said through hole.



