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El ectromagnetic El ectro-acoustic Transducer 5 Field of the Invention
The present invention relates to el ectromagnetic el ectro-acoustic
transducers for generating an incomng indicator tone such as in

mobi | e phones. Background of the Imvention 10 Referring to
Fig. 5, a description will be given on a conventi onal el ectromagneti c
el ectro-acoustic transducer. Fig. 5 (a) is a top view and (I? ﬁgf]%b) is a
cross-sectional view The conventional electr n%g} 2

el ectro-acoustic transducer conpri s&PECIFICGATION di aphragm 100, a second
di aphragm 1 lng a.. i ¢ & tached on the 15 center of the
first di aph(r)%lge%%% L,negggge% éra%%%@%e[&%hul %posed opposite the second

di aphragm 101, a coil 104 wound around the center pole 103, a ring-shaped
resin Wﬁ%etFieldoftﬂpﬁlveﬁ% i oned on the outer periphery of the coil 104, a
yoke 106 in contact wth or . int egrat ed with the center pole 103, and a
cylindrical housi n@emwmhwe@t}%rsmeé _@ﬁlepfaqmg/gnetlc elestipgepustic tiqpsdupers for

di aphr agm 10&snefatiélg 96 indokiifgindidator BeheGu¥ie s MMSBIR phRgExat i on of an 20

el ectromagneti c el ectro-acoustic transducer of the above configuration. In
the initial

Background of the Invention

10 Referring to Fig. 5, a description will be given on a conventional
electromagnetic electro-acoustic transducer. Fig. 5 (a) is a top view and Fig. 5 (b) is 2
cross-sectional view.

The conventional electromagnetic electro-acoustic transducer comprises a first
diaphragm 100, a second diaphragm 101 being a magnetic material attached on the

15  center of the first diaphragm 100, a center pole 103 disposed opposite the second
diaphragm 101, a coil 104 wound around the center pole 103, a ring-shaped resin magnet
105 positioned on the outer periphery of the coil 104, a yoke 106 in contact with or
integrated with the center pole 103, and a cylindrical housing 107 that circumferentially
supports the first diaphragm 100. A description will be given on the operation of an

20  electromagnetic electro-acoustic transducer of the above configuration. In the initial
state when no current is flowing in the coil 104, a magnetic circuit is formed by the resin
magnet 105, second diaphragm 101, center pole 103, and yoke 106, and the second
diaphragm 101 is attracted toward the resin magnet 105 and the center pole 103.
Thereby the first diaphragm 100 is displaced to a position that balances with its

25  elastic force.

Next, when an alternating current flows in the coil 104, an alternating magnetic
field is generated by the magnetic circuit where the coil 104 works as a magnetomotive
force. The magnetic flux density within the magnetic circuit is determined by the
intensity of the alternating magnetic field and the magnetic resistance inside the

30  magnetic circuit. In this case, the magnetic resistance is approximately equal to the
combined resistance of the magnetic resistance due to the magnetic gap between the
second diaphragm 101 and the center pole 103, the magnetic resistance due to a
magnetic gap between the second diaphragm 101 and the resin magnet 105, and the
magnetic resistance of the resin magnet 105 itself. The specific magnetic permeability

35  of the resin magnet 105 is as low as that of the air and is approximately equal to 1, so
that the magnetic resistance is high.

An alternating driving force is generated on the second diaphragm 101 due to a
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mechanical resonant system consisting of the first diaphragm 100 and the second
diaphragm 101 is made high, and the lowest resonant frequency of the mechanical
resonant system are made close to the regeneration acoustic frequency.

15 Also, while the lowest resonant frequency of the mechanical resonant system is
determined by the effective masses of the first diaphragm 100 and the second diaphragm
101 and the stiffness of the first diaphragm 100, the stiffness of the first diaphragm 100
is not only affected by the modulus of elasticity and thickness of the material used but
also by the configuration of deformation due to the static attraction force by the resin

20  magnet 105 and the center pole 103.

The conventional electromagnetic electro-acoustic transducer as described
above suffered a problem of resolving the complicated situation as described below in
order to obtain an electromagnetic electro-acoustic transducer with a desired
characteristic.

25 (1) In order to change the lowest resonant frequency of the mechanical system
depending on the regenerated acoustic frequency, it is necessary to change the effective
mass and stiffness of the mechanical resonant system. In doing this, it is necessary to
change the thickness of the first diaphragm 100 and the thickness and diameter of the
second diaphragm 101, or to change the magnetic gap between the second diaphragm

30 101 and the center pole 103 in order to change the static attraction force. Such changes
in the thickness and diameter of the second diaphragm 101 will result in changes in the
magnetic resistance and in various interacting mechanical parameters including effective
mass and vibration mode. the regeneration acoustic frequency. Consequently such a
design change to get a desired characteristic become complicated.

35 (2) As the acuteness of resonance, Q-factor of the mechanical resonant system is
high, the ratio of contribution of the lowest resonant frequency to sound pressure is
extremely high, making sound pressure variation due to a slight change in a magnetic
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A first embodiment of the present invention comprises a first diaphragm, a

second diaphragm attached at the center of the first diaphragm and consisting of a

25  magnetic material smaller than the first diaphragm, a center pole provided underneath

the center of the second diaphragm with a magnetic gap in between, a coil wound around

the outer periphery of the center pole, a ring-shaped resin magnet, and a yoke disposed

in a manner such that it comes in contact with the lower parts of the center pole. Here,

the magnetic powder of said resin magnet consists of powders of a hard magnetic

30  material and a soft magnetic material, the magnetic flux density and the magnetic

permeability can be controlled by changing their compounding ratio, so that lowest
resonant frequency and the high sound pressure can be set very easily.

A second embodiment of the present invention is one in which the magnetic

powder orientation of the resin magnet of the first embodiment is aligned by injection

35 molding in magnetic field. Magnetic energy is enhanced when magnetizing the hard

magnetic material in the resin magnet, thereby obtaining a resin magnet with a high

magnetic flux density and a high magnetic permeability jointly by mixing of a soft
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A fifth embodiment of the present invention is one in which a ring-shaped

magnetic plate with an inner diameter smaller than the outer diameter of the second
15  diaphragm is attached on the upper surface of the resin magnet of the electromagnetic

electro-acoustic transducer of the first embodiment. As the magnetic resistance can be

further reduced with this construction, a higher magnetic flux density can be obtained

thereby making it possible to increase the compounding ratio of the soft magnetic

material and enabling expansion of controllable ranges of the lowest resonant frequency
20  and the sound pressure.

A sixth embodiment of the present invention is one in which the ratio of the soft
magnetic material powder in the resin magnet of the electromagnetic electro-acoustic
transducer of the first to the fifth embodiments is in the range 15 to 30 % by weight and
is capable of providing an transducer employing a superior resin magnet with a practical

25  magnetic flux density and a high magnetic permeability.

A seventh embodiment of the present invention disposes a first diaphragm, a
second diaphragm attached at the center of the first diaphragm and consisting of a
magnetic material smaller than the first diaphragm, a center pole provided underneath
the center of the second diaphragm with a magnetic gap in between, a coil wound around

30  the outer periphery of the center pole, a ring-shaped magnet disposed on the outside of
the coil, a yoke disposed in a manner such that it comes in contact with the lower parts
of the center pole, and a ring-shaped magnetic plate having an inner diameter designed
in a manner such that the magnetic flux from the second diaphragm enters generally
vertically. This embodiment provides an electromagnetic electro-acoustic transducer in

35 which a magnetic circuit is formed in a manner such that the magnetic flux of the
magnet returns to the magnet through the yoke, center pole, second diaphragm and the
magnetic plate, so that magnetic resistance is reduced by going through the magnetic
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Referring to Figs. 1 to 4, a description will be given on exemplary embodiments
of the present invention.

Fig. 1 is a cross-sectional view of the electromagnetic electro-acoustic
transducer in an exemplary embodiment of the present invention. Fig. 2 is a cross-

20  sectional view of a molding equipmentfor the resin magnet, which is an essential part of
the transducer in an exemplary embodiment of the present invention. Fig. 3 is the
characteristics illustrating energy of magnet, inductance, and lowest resonant frequency
of the resin magnet as a function of the compounding ratio of hard and soft magnetic
materials. Fig. 4 is a cross-sectional view of a transducer in a first exemplary

25  embodiment of the present invention.

As the difference between the exemplary embodiments of the present invention
and prior art lies in the compositionof the resin magnet and the magnetic plate, a
description on the difference will be given below.

In Fig. 1, a resin magnet 11 is produced through mixing of soft magnetic

30  powder hard magnetic powder and resin as binder, subsequently molding process and
magnetizing process.

Here, a hard magnetic material generally means a magnetic material that is not
easily influenced by an external magnetic field. In this exemplary embodiment, Sr
ferrite is used.  Ferrite magnetic powder can provide a high magnetic flux density when

35  injection molded while aligning the magnetic orientation as described later. A soft
magnetic material generally means a magnetic material that is easily influenced by an
external magnetic field. In this exemplary embodiment, MgZn ferrite is used. The
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15  magnetic plate 14, the magnetic resistance is reduced and the magnetic flux density can
be enhanced. Though the inner diameter of the magnetic plate 14 is smaller than the
outer diameter of the second diaphragm 101, when the inner diameter is too small, either
the magnetic flux between the second diaphragm 101 and the magnetic plate 14 diffuses,
or in the extreme case, the magnetic flux between the center pole 103 and the magnetic

20  plate 14 disappear , and the magnetic force for attracting the second diaphragm 101 to
the center pole 103 becomes weak. Consequently, the inner diameter of the magnetic
plate 14 is set in a manner such that the magnetic flux between the second diaphragm
101 and the magnetic plate 14 will not diffuse but will generally be in a vertical position
(a position in which the attraction force toward the second diaphragm 101 is roughly at

256  the maximum).

Also, as the magnetic plate 14 is attached with the resin magnet 11 by
insertion molding, its positional relation to the second diaphragm 101 is determined
through the housing 107 with a small variation in manufacturing ,thereby attraction'
force toward the second diaphragm 101 is stabilized and, accordingly, the variation of

30  sound pressure of the electromagnetic electro-acoustic transducer is also well controlled.

Next, Fig. 2 is a molding equipment for fabricating the resin magnet 11, where a
molding die 5 is provided with a magnetic material 3 for aligning the magnetic
orientation in the direction of the thickness and a non-magnetic material 4. A resin
magnet 2 for aligning is disposed inside the molding die 5, a compound of a resin,

35  powder of a hard magnetic material, and powder of a soft magnetic material is filled
inside a cavity 6, and subsequently heated and injection molded to obtain a resin magnet.
(During this process, the magnetic plate 14 is set inside the molding die 5 and is
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It is also confirmed that, as electromagnetic electro-acoustic transducers are
small with an approximate size of 12 mm square, and the designed regeneration acoustic
frequency is in the range 2.5 KHz to 3.5 KHz, the practical compounding ratio of the
soft magnetic material in the resin magnet 11 is in the range 15 to 30%.
15 That is, when the compounding ratio of the soft magnetic material is less than
15%, enough magnetic permeability is not obtained, while, when it is more than 30%,
the magnetic flux density becomes low and the lowest resonant frequency becomes too
low.
From the above, it is possible to continuously change the static attraction force
20 by changing the ratio of the soft magnetic material and to easily control the lowest
resonant frequency. Also, by mixing a soft magnetic material, it is possible to increase
the magnetic permeability of the resin magnet 11 and to decrease the magnetic resistance
of the resin magnet 11, thereby increasing the magnetic flux density for an alternating
magnetic field and increasing the driving force exerted to the diaphragm.
25 It is to be noted that, by further providing the magnetic plate 14, the magnetic
resistance can be reduced and the magnetic flux density can be increased, thus attaining
a higher sound pressure. .
Fig. 4 is an extended example of the present exemplary embodiment. Here,
though a resin magnet 11a made by mixing a hard magnetic material and a soft magnetic
30  material similar to the electromagnetic electro-acoustic transducer of Fig. 1 is used, a
difference lies in that it does not use a magnetic plate 14. When compared with the
transducer of Fig. 1, a decrease in the magnetic resistance between a second diaphragm
101 and the resin magnet 11a cannot be obtained as it does not have a magnetic plate 14.
However, it is easy to set the lowest resonant frequency and it is possible to obtain a
35  higher sound pressure and a lower cost by the use of the resin magnet 11a prepared by
mixing a hard magnetic material and a soft magnetic material.
In the above exemplary embodiments, although a description has been made on



5 Fig. 1 is a cross-sectional view of an exenplary enbodi nent

of the " el.ectromagnetic el ectro-acoustic transducer of the present
invention. Fig. 2 is a cross- sectional view of a nolding equipnent
for nolding a resin magnet to be used in the transducer of the present
i'nvention. Fig. 3 is the graph plots illugtrating energy of magnet ,

i nductance, and | owest resonant frequency of the resin nagnet as a function
of 10 thec n tio,of the soft etic material in the resin
mmgnet . i g 08 ek OF SP ferit 40w nald Bagiiie GPRAFY e i Boeiel i dBR ¢ he
t ransducer dilghdmnt;gmae flnx |dmmnytthmnthat using Br ferrife dleneacandye @btemec( By using aa
cross-sectli Oaﬁéctlx'csmlqé@)d bt £ ng?%tggﬁ)&f%l gtleﬁglt rﬁ[ﬁg rlgﬁ Gf g%r(efrg,cﬁs the rare-

el ectro-acoustic tra crlp I'on

Enbodi ment s earth magnetic materlabfaermmﬁgmposua msgnelic muaterjal aucheascNd-feiBmagndtic be
gi ven on exeipleahlcafHRgdddrENt S of the present invention.

Fig. 1 is a cross-sectional view of the el ectromagnetic el ectro-acoustic
transducer in an exenplary enbodi mrent of the present invention. Fig. 2 is a
cross- 20 Isldagthamqlbpuca]gw}of a mol di ng equi pmentfor the resin magnet,

which is an essent of t he, trapsdyc in_an exenpl ar

enbodi ment of the %’F {n"?‘%éé’ﬁfq g}?gngfcgma%rﬁaga{l & soft maSPFéWa@?‘@¥P%?§ the

illustrati _ngmegrm{clgynajérlaim@ matsin meguet @rics beamdeslcﬁba‘shbdvesmeeméseﬁf e oy
of the rgsi mERaBet oS ebNEhLR HerblEERTPIHAdIRG, Ta Laual har d and, sof

magnetl C a Cross-secC
ina first e@@éwsalahv lzéugh,et dewest mesopdnttfiresjupneys eant bé pasélytsebby continuously

As the diff e(ﬂﬁﬂglﬂ% beé Wenedd Bue> ROBHAOYp &Hﬁ%gbm éorﬁ{) &nﬂﬁlgpfaﬁﬁe&{ the soft

i nvention r|or ar l'ies I n the compositiono e resin nagn and
t he nagnet i cmﬁ%?flﬁ %{ena thesoppd PERESWA 18 Righgand: raTerye ¥aigtion 3jchigh seun

bel ow. pressure rangd.n Fig. 1, a resin magnet 11 is produced through

m xi ng of soft magnetic 30 powder hard magnetic powder and resin as

bi nder, subsequently nol ding process and magneti zi ng process.

Here, a hard magnetic material generally nmeans a magnetic material that is
not



easily influenced by an external magnetic field. In this exenplary _
enbodi nent, Sr. ferrite is used. Ferrite magneti c powder can prowhde a
hi gh magnetic flux density when 35 injection m)ldedlm _ I [I e
magnetic orientation as described later. A soft ” ”ﬂ”le“ﬁus mﬂ!kl
general ly neans a magnetic naterial that §s easily i nt| denced by*an™
external magnetic field. In this exenplary enbodi nent, MyZn ferrite is

used. The . . . _ 6
particle siz\ghﬂtellsr%a"gg\ilgral [err]m MyZn ferrite is easily made into a
conposite, and 1pr Aui dbstramhgmpic relpegoiacoysdc meahsducéry .comprising a first As

h | di gl ' ' alvA! re,used
25 they  haves siemPEcea SphiaBhafadtid u B chcfbe e 30t U Plke! SnpEas it
al i gni ng t hea magnetimpigtariat smelleminasize thanmhe rfirsh diaphraguip @i eentesfpolo poatidddi t y

and magnef i CurkRAfeath AE icBAteL of the secdrld difpiRRh WA Qtrﬁglhﬁ’ticsgﬁ hﬂﬁet@gg}y At eol
the total magnetjc powder at, 85 to 92 % by wel ght a.cPt e remai nder
for the nold ﬂbndr‘é% outer periphery of the REFEPRlE, a ing-shapereiie magngs) andea yoke
attached i ntdigpaatd jh ainbhindr lrs@cmafsu' incmmatcgﬂt&%with the 1@«5@&1@?% Flergagtie?boltéleby
[ [ | di ng... As | .omFig.,1, _the jnner diane
magnet i o pl ot Seei e Fosimetid con ¥ hEpdVdes ogader Mpepmsicar ickaliand Peader
di aphragm  a soft hiagnetic material based on/{hehconpioanding fratiel bﬁtvi}lﬂ(ﬁh the magmaitifmxll

[ it js f ' [ resin net
ot s 16 {GGSR0 0 80 SRS MBARENG Ll e compolOh WP Ty

returns to the resin na ough a yo _
103, second HrwisAEHY the soundipaessurgrran be vpygasilylset. By goi ng t hrough t he

2. The electromagnetic electro-acoustic transducer of claim 1, wherein the
magnetic orientation of the resin magnet is aligned by injection molding in magnetic
field.

15 3. The electromagnetic electro-acoustic transducer of claim 1, wherein the hard
magnetic material of the resin magnet is a eutectic composition of a ferrite magnetic
material and a rare-earth magnetic material.

4. The electromagnetic electro-acoustic transducer of claim 1, wherein the ratio
of the total magnetic powder in the resin magnet is in the range 85 to 92 % by wéight.

20 5. The electromagnetic electro-acoustic transducer of any of claim 1 to claim 4,
wherein a ring-shaped magnetic plate having a diameter smaller than the outer diameter
of the second diaphragm is disposed on the upper surface of the resin magnet.

6. The electromagnetic clectro-acoustic transducer of any of claim 1 to claim 5,
where in the ratio of the soft magnetic material powder in the resin magnet is in the

25 range 15 to 30 % by weight.

7. An electromagnetic electro-acoustic transducer comprising a first diaphragm,
a second diaphragm attached at the center of the first diaphragm and made of a magnetic
plate smaller than the first diaphragm, a center pole provided underneath the center of
the second diaphragm with a magnetic gap in between, a coil wound on the outer

30  periphery of the center pole, a ring-shaped magnet disposed on the outside of the coil, a
yoke disposed in a manner such that it comes in contact with the lower parts of the
center pole, and a ring-shaped magnetic plate having an inner diameter smaller than the
outer diameter of the second diaphragm and designed in a manner such that the magnetic

flux from the second diaphragm enters generally vertically.
35



15 magnetic plate 14, the magnetic resistance is reduced and the magnetic
flux density can be enhanced. Though the inner dianeter of the
magnetic plate 14 is snaller than the outer diameter of the second

di aphragm 101, when the inner dianeter is too small, either t he
magnetic flux between the second di aphragio 101 and the nagnetic plate 14

di ffuses, or in the extrene case, the nmagnetic flux between the
center pole 103 and the magnetic 20 aéﬁr{te 14 di sappear, and the nagnetic
force for attracting the second di aphr 81 to the center pole 103
becones weak. ConsBuyumeseny invehtion rebees tbi anelbetromrfgnbﬁe ckeigoratoustic transduﬁérat e

ai aphr agm 0] B HERiA Al b RAEhIf gt RERIEReR S RIS, | o

general I'y bereif raagpet 11 isaforped V\tliho'fh hard magnetic [w@nal ond iarsofttiagnetib enaterial,
tt t f t
attracti gn fpe (@ wdseYRbshnk ﬁ%q@c%%? @Qn g @z&lﬂ et | Cyl&fangﬁlg i@é’ﬁ%ﬁ’eﬁ% ﬂLﬁ(Sdcsznglifw t he

maxi mum . Al's as the mag Is-atta

resin magnet? PRASRSHC gap by ﬁléaé‘tgﬂz‘:'oﬁli‘e rFS’F‘H’IOH@d f%‘@so%%lwftdﬁ%nefléll%ﬁtﬂéﬂi 3 bighhe
seclolnd di aptmnagréuﬂ:(ﬂ]u)d denity &y ﬁﬁtzﬁﬂaii lr)]y mctr)édéfrfgulﬁb n;lz{g‘ﬂel}'@ﬂéﬂrr@bﬁw o‘tf\‘tﬁé”'regmt .
smal | varia uf.act urin ere i on or.ce towar e
second di ap hl#lg%fnlt % v ]lr}é {lgets{gg g‘éé&lcdﬁﬁtenécgw ﬁ’@l"’;}‘g 3 praaller size apwellas 4o
sound pr essuighafsouttbpressact thoovgh netinaeast ér thedrizing foideextnanmdhe eiaphagal SO

wel | confy ol | ed. Next, Fig. 2 is a nolding equi pment for
fabricating the resin magnet 11, where a nmol ding die 5 is provided
with a magnetic material 3 for aligning the nmagnetic orientation in

the direction of the thickness and a non-nagnetic material 4. A resin
magnet 2 for aligning is disposed inside the nolding die 5, a conmpound of a
resin, 35 powder of a hard magnetic material, and powder of a soft
magnetic material is filled inside a cavity 6, and subsequently heated
and injection nolded to obtain a resin magnet. (During this process,
the magnetic plate 14 is set inside the nolding die 5 and is



7 integrally nol ded.) Fig. 3 plots the energy of
magnet, induct.ance, and | owest resonant frequency as a function of the
conmpounding ratio of MyZn ferrite used as the soft magnetic nmateri al

in the resin magnet 11. As it is difficult to directly neasure the
magnetic 5 perneability of the resi /ﬁgﬂnet, i nductance is neasured in
pl ace of the nmagnetic perneabilitc (fagnetic perneability tends to

i ncrease proportionally with increasing i nductance ). Fromthe plots,
it is gf hat, with an increase in the conpounding ratio ~of the
soft magneti T material, the energy (BHmax) of the resin nagnet decreases,

t he | owest resonant frequency (f[err]) decreases, and the inductance
i ncreases (magnetic 10 resistance decreases and nagnetic perneability

i ncreases). It is also confirned that, as el ectromagnetic

el ectro-acoustic transducers are - small with an approximate size of 12
nm square, and .the designed regeneration acoustic frequency is in the
range 2.5 KHz to 3.5 KHz, the practical conpounding ratio of the soft
magnetic material in the resin nmagnet 11 is in the range 15 to 30% 15
That is, when the conpounding ratio of the soft magnetic material is |ess

t han 15% enough nmagnetic perneability is not obtained, while, when
it is nore than 30% - the magnetic flux density becones | ow and the
| owest resonant frequency becones too | ow. From t he

above, it is possible to continuously change the static attraction force 20
by changing the ratio of the soft nmagnetic material and to easily control -

t he | owest resonant frequency. Also, by mxing a soft magnetic
material, it is possible to increase t he magnetic perneability of the
resin magnet 11 and to decrease the nmagnetic resistance of the resin

magnet 11, thereby increasing the magnetic flux density for an alternating
magnetic field and increasing the driving force exerted to the di aphragm

25 It is to be_poted that y f her providing the magnetic
pl ate 14, the magnetic 7% ﬁﬂ? }5) /2 700
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resi stance can be reduced and the magnetic flux density can be increased,
thus attaining a hi gher sound pressure. . Fig. 4 is an
ext ended exanpl e of the present exenplary enbodi nent. Here, t hough a
resin magnet 1la nmade by m xing a hard magnetic material and a soft
rmagnetic 30 material simlar to the~el,egctromagnetic el ectro-acoustic
transducer of Fig. 1 is used, a V{fgrence lies in that it does not

use a magnetic plate 14. \Wen conpared with the transducer of Fig. 1,
a decrease in the magnetic resistance between a second di aphragm 101
and thef?ﬁsjnZhagnet 1lla cannot be obfained as it does not have a magnetic
pl ate 14. However, it\isfeasy t® set the | owest resonant frequency and
it is possible to obtain a i,ger sound pressure and a | ower cost by
the use of the resin nagnet , pared by m xi ng a hard magnetic
materi al- and a soft nagnetic ial. In the above exenplary
enbodi nents, al though a descr has been nade on
8 ‘the use of Sr ferrite hard magnetic (powder) material, a
resin magnet that has a i magnefic flux density than that using
Sr ferrite al one cangbe obt ai usi n a3 eutectic conpound of a
rare-earth magnetic eri al feryite,"Here, as the rare- earth
magnetic material, a nanQ-co ! netyc material such as Nd-Fe-B
magnetic 5 mat eri al | e
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| ndustrial Applicability By conbining a hard nagnetic

material and a soft magnetic material as the magnetic material of a

resin magnet as has been descri bed above, the present invention 10

provi des an el ectromagnetic el ectro-acoustic transducer of which the

magneti c perneability is high, the | owest resonant frequency can be

easily set by continuously chanqspﬁéhhe magnetic flux density

dependi ng on the conpounding ratio of the soft magnetic material, and

the sound pressure is high and narrow variation at high sound pressure

range. Fig 4 What is clainmed is: 1. An

el ectromagnetic el ectro-acoustic cﬁnzg er conprising a first

di aphragm a second di aphragm at t he/ ﬁght er{ é the first diaphragm
h

and nade of nagnetlc et e |al,énaller in.si an the first
di aphragm a Ny pr ,"” S untergeant e center of the second
di aphragmwith a :v/ %ﬁ;f} Cof | wound on the outer

peri phery of the cENT S pote y—3h e ghet, and a yoke

di sposed in a nanner/ly Kg%fgff comes |q/bontact with the | ower parts of
the center pole, n the re5|n£%pgn } consi sts of powder of a
hard magnetic materi al and powder of o( magnetic material based
on the compounding ratio of which the nagnetlc flux 10 density and the
magnetic perneability can be controlled, and the | owest resonant

frequency and the sound pressure can be very easily set.

Fig 5
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2. The el ectromagnetic el ectro-acoustic transducer of claim1, wherein the
magnetic orientation of the resin magnet is aligned by injection nolding in
magnetic . field. 15 3. The el ectronagnetic el ectro-acoustic
transducer of claim1, wherein the hard _ magnetic material of the
resin nmagnet is a eutectic conposition of a ferrite magnetic mat eri al
and a rare-earth magnetic material. 4/4 4. The el ectromagnetic

el ectro-acoustic transducer of claim1, wherein the ratio of the
total magnetiist pPpRe€erente Nemeeslsn magnet is in the range 85 to 92 % by

wei ght. 20 5. The el ectromagnetic el ectro-acoustic transducer of
any of claiml1l to claim4, wherein a ring-shaped magnetic plate

havi ng a di digflda: snal | Resirhaagnieé out er di aneter. of the second

di aphragm i i sp upper surface of the resin nagnet.

6. The el ecfir‘igrragﬁg?g%&g?é&q?o- acoustic transducer of any of claim1l to
claim5, 100: wh Firstidbaphragnati o of the soft magnetic material powder in
the resin naget iSgcofididispRmgmange 15 to 30 % by weight. 7.
An el ectrorml%e.ti el ectrf)- ac§usti c transducer conprising a first

di aphr agm : &IHEHLRAIEi aphr agm attached at the center of the first

di aphragm arld4rad€esil a nmagnetic plate snmaller than the first

di aphragm a][q‘?e;nt ol e provi ded underneath the center of t he second
di aphragm w a meti c gap in between, a coil wound on the outer 30

peri phery oflQhe dfomsingpol e, a ring-shaped magnet disposed on the outside
of the coil, a yoke di sposed in a manner such that it cones in
contact with the lower parts of the center pole, and a ring-shaped
magnetic plate having an inner dianeter snaller than the out er

di aneter of the second di aphragm and designed in a manner such that the
magneti c flux fromthe second di aphragmenters generally vertically.
35



