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5 Claims. (C. 179-115) 
The present invention relates to an improvement in the 

structure and performance of small-sized electroacoustic 
transducers such as earphones or microphones of small 
size. The invention has for its object to provide the trans 
ducers of the type which have improved power sensitivity, 
frequency characteristic and impedance characteristic, 
with less liability to variation in the performance due to 
variation in the property of permanent magnets and with 
high stability free from variation in the performance due 
to formation of rust on a gap Surface. 

Recently, electroacoustic transducers of small size have 
been made further smaller and smaller. However, the 
trend to the smaller size is encountered by a problem of 
variation in their performance, the largest cause of which 
is attributable to a permanent magnet incorporated in such 
transducers. In addition to the above, there have been 
failures which are caused by short circuit in a gap due 
to formation of rust on a surface of the permanent mag 
net defining such gap or due to chips of the magnet re 
maining on the finished surface of the permanent magnet. 
Such drawbacks of conventional electroacoustic trans 

ducers can effectively be eliminated by the improved struc 
ture of electroacoustic transducers according to the inven 
tion, in which a member of magnetic material is disposed 
on an upper face of a permanent magnet in abutting re 
lation thereto for constituting a magnetic shunt circuit so 
that magnetic resistance in a path of magnetic flux by 
signal current can be reduced and power sensitivity can 
be improved. According to the invention, further, a first 
space defined between a diaphragm and the member of 
magnetic material is made to communicate with a second 
space defined between a cylindrical frame and a yoke 
by means of a small bore provided in said member of 
magnetic material, and said second space is further made 
to communicate with a space below said yoke by means 
of a small bore. It will be apparent that such increase 
in the total space will remarkably improve the frequency 
characteristic of the electroacoustic transducers. 
According to the invention, there is provided an elec 

troacoustic transducer of small size comprising a cylin 
drical frame, a pole piece disposed centrally of said cy 
lindrical frame, a coil disposed concentrically about 
said pole piece, a cylindrical permanent magnet disposed 
concentrically about said coil, a diaphragm mounted on 
the assembly of said pole piece, coil and permanent mag 
net, a yoke disposed below the assembly of said pole 
piece, coil and permanent magnet, and a plate of mag 
netic material disposed between said diaphragm and said 
cylindrical permanent magnet. 
There are other objects and particularities of the in 

vention which will become obvious from the following 
description with reference to the accompanying drawings, 
in which: 

FIG. 1a is a vertical sectional view of an embodiment 
of an electroacoustic transducer of the invention; 

FIG. 1b is a sectional view taken along the line A-A. 
of FIG. 1a; 

FIG. 1c is a perspective view of an annular plate of 
magnetic material used in the electroacoustic transducer 
of FIG. 1a; 
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2 
FIG. 2a is a vertical sectional view of another embodi 

ment of the electroacoustic transducer of the invention; 
FIG. 2b is a sectional view taken along the line A-A 

of FIG. 2a: 
FIG. 2c is a perspective view of a cup-shaped member 

of magnetic material used in the transducer of FIG. 2a: 
FIG. 3a is a vertical sectional view of still another 

embodiment of the electroacoustic transducer of the in 
vention; 

FIG. 3b is a sectional view taken along the line A-A 
of FIG. 3a; 

FIG. 4a is a comparative vertical sectional view of 
an electroacoustic transducer, in which the left-hand side 
half shows the structure according to the invention and 
the right-hand side half shows a conventional design; 

FIG. 4b is an equivalent magnetic circuit of the trans 
ducer of conventional design; 

FIG. 4c is also an equivalent magnetic circuit of the 
transducer embodying the invention; 

FIG. 4d is a characteristic curve of the electroacoustic 
transducer of the invention; 

FIG. 5a is an equivalent electroacoustic circuit of the 
transducer of the invention; and 

FIG. 5b is an equivalent electroacoustic circuit of the 
conventional transducer. 
Now, referring to FIG. 1a, there is shown an electro 

acoustic transducer of the invention which comprises a 
cylindrical frame 1. Centrally of the cylindrical frame 1, 
there is disposed a columnar pole piece 2, about which a 
coil 3 is wound. A cylindrical permanent magnet 4 is 
concentrically disposed about the coil 3 and has a yoke 
5 disposed below thereof. 
As shown in FIG. 1a, an annular space a is defined 

between the cylindrical frame 1 and the permanent mag 
net 4. According to the invention, an annular plate 6 of 
magnetic material is mounted on the upper face of the 
permanent magnet 4. A disc-like diaphragm 7 of mag 
netic material is disposed on the annular plate 6 so as to 
define a space as between the diaphragm 7 and the pole 
piece 2. Further, an armature 8 of magnetic material is 
mounted on the upper face of the diaphragm 7. The elec. 
troacoustic transducer of the invention comprises an outer 
casing 9 of a cup-like shape, an upper opening of which is 
covered by a cap 10 of non-magnetic material such as 
aluminum. In FIG. 1a, it will readily be seen that a space 
92 and a Space as are also formed between the outer cas. 
ing 9 and the yoke 5, and between the diaphragm 7 and 
the cap 10, respectively. An ear-plug 11 is provided on the 
cap 10 and has a passage 12 of sound bored therethrough. 
According to the invention, a bore 13 of small diameter 
is provided in the yoke 5 to provide communication be 
tween the Spaces a1 and ag. Further, a bore 14 of small 
diameter is provided in the annular plate 6 to provide 
communication between the spaces as and a1. 

Therefore, it will be known that, when the electro 
acoustic transducer of FIG. 1a is used as an electricity 
Sound transducer, a signal current may be supplied to 
the coil 3 so that the diaphragm 7 and the armatures 
are made to oscillate to thereby generate sound. When, on 
the contrary, the electroacoustic transducer is utilized as 
a Sound-electricity transducer, the diaphragm 7 and the 
arnature 8 may be made to oscillate by sound so that a 
signal current can be taken out of the coil 3. Since, in this 
invention, the annular plate 6 of magnetic material is 
provided at a portion where the permanent magnet 4 is 
disposed opposite the lower face of the diaphragm 7, 
magnetic flux by the signal current can be concentrated 
into the annular plate 6 of magnetic material through a 
magnetic circuit comprising the pole piece 2-> diaphragm 
7 and armature 8-> annular plate 6->permanent magnet 4 
and space a1->yoke 5->pole piece 2. - 
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Thus, it will be readily known that magnetic resistance 
of the magnetic flux by the signal current can be reduced 
and the electroacoustic conversion performance can there 
by be remarkably improved. Further, as known from the 
foregoing description, the space a defined between the 
yoke 5 and the outer casing 9 is made to communicate 
with the space a defined by the annular plate 6, cylin 
drical frame 1, cylindrical permanent magnet 4 and yoke 
5 by means of the bore 13 provided in the yoke 5. The 
space a defined by the diaphragm 7, permanent magnet 
4 and annular plate 6 is made to communicate with the 
space a by means of the bore 14 provided in the annular 
plate 6. The space a communicates with the sound pas 
sage 12. 

It will be understood that the provision of the bores 
13 and 14 is effective for improvement in the frequency 
characteristic in that a resonance point in the order of 15 
decibels which exists in a range between 1,000 to 2,000 
cycles is dispersed to provide a flat frequency characteris 
tic having resonance point below 10 decibels. 
Another embodiment of the electroacoustic transducer 

shown in FIGS. 2a and 2b is generally similar in the 
construction to the transducer shown in FIG. 1a. How 
ever, in this embodiment, the annular plate 6 of mag 
netic material of FIG. 1c takes the form of a cup 106, 
which has not only an annular portion to abut the upper 

O 

20 

face of a permanent magnet 104, but also a cylindrical 
portion to depend downwardly therefrom so as to Sur 
round the permanent magnet 104 with a small space 
therebetween, as best shown in FIG.2c. An annular mem 
ber p is interposed between upper edges of a cylindrical 
frame 101 and the cup 106 of magnetic material to pro 
vide a suitable air tight relation therebetween. 

Therefore, it will be known that magnetic flux by a 
signal current passes a magnetic circuit comprising a pole 
piece 102-> diaphragm 107 and armature 108-> cup 106 
of magnetic material->yoke 105->pole piece 102, in the 
manner as described with regard to FIG. 1a. Since the 
magnetic flux passes through a small space defined be 
tween the cylindrical portion of the cup 106 and the cylin 
drical frame 101, magnetic resistance against the mag 
netic flux is made extremely small and the electroacoustic 
conversion performance can be markedly improved. It 
will further be understood that the frequency characteris 
tic can also be improved as in the case of the embodiment 
of FIG. 1a. 

FIGS. 3a and 3b also shows still another embodiment 
of the electroacoustic transducer of the invention. The 
embodiment of FIGS. 3a and 3b is generally similar to 
the transducer of FIG. 1a, except that a cylindrical frame 
or outer casing 201 is made of magnetic material to dis 
pense with any provision of a separate shielding casing. 
In this embodiment, a gap 224 is provided between an 
annular plate 206 of magnetic material disposed on the 
upper face of a permanent magnet 204 and the cylindrical 
frame 201. 

Generally, in an electroacoustic transducer, upper and 
lower faces of an outer casing of non-magnetic material 
are covered by an electromagnetically shielding casing. 
Therefore, such electroacoustic transducer is disadvanta 
geous in that the overall thickness is made thicker by the 
thickness of the shielding casing. According to the en 
bodiment of FIG. 3a the outer casing 201 is made of a 
magnetic material and acts to form a lower shielding 
casing in cooperation with a yoke 205. Such arrange 
ment will eliminate the need of any lower shielding casing 
and is effective to reduce the thickness of the transducer, 
thus providing the electroacoustic transducer of a Com 
pact structure and a small size. 

In the embodiment of FIG. 3a three magnetic circuits 
can be formed, that is, a magnetic circuit comprising a 
pole piece 202-) diaphragm 207 and armature 208-9 outer 
casing 201 of magnetic material->yoke 205->pole piece 
202, a magnetic circuit comprising the pole piece 
202-2 diaphragm 207 and armature 208-> annular plate 
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4. 
206 of magnetic material-> outer casing 201->yoke 
205->pole piece 202, and a magnetic circuit comprising 
the pole piece 202-> diaphragm 207-> armature 208-> 
shielding casing 209-> outer casing 201->yoke 205->pole 
piece 202. It will thus be understood that magnetic re 
sistance is markedly reduced and an excellent perform 
ance can be developed by the electroacoustic transducer. 

In conjunction with the foregoing description with ref 
erence to the embodiments of the invention, theoretical 
explanation will be given hereunder to illustrate improved 
sensitivity of the electroacoustic transducer of the inven 
tion with such magnetic shunt. 

FIGS. 4a-4d provide a verification of excellency of the 
electroacoustic transducer of the invention over that of 
conventional design on a theoretical basis. 
A magnetic driving force Fn acting on a diaphragm 

307 can be calculated by the following equation. 

d' d Fm-SS,--SS, 
S-- Sa(b? 
8trSS ( 1. ) 

where 
S-area of inner driving magnetic pole 
S=area of outer driving magnetic pole 
(p=magntic flux passing through driving pole 

Further, the following equation can be obtained: 

- Uo '(de) IS (de) IS. 
4trNI 

Lo 
(d.-e)S. +(d-e)S.-his, (2 

where 
U=magnetomotive force by permanent magnet 
do=gap length between permanent magnet and diaphragm 

before magnetomotive force by permanent magnet acts 
on diaphragm 

e=displacement by magnetic driving force by permanent 
magnet 

N=number of turns of coil 
I=signal current 
Lo=length of permanent magnet (portion wherein signal 

magnetic flux passes) 
pur-reversible permeability of permanent magnet 
S3=cross-sectional area of permanent magnet 

In the Equation 2, the first item thereof represents the 
magnetic flux by the permanent magnet, while the second 
item represents the magnetic flux by the signal current I. 

Then, when the Equation 2 is inserted in the Equation 
1 and conditions L'xdxe (wherein L'=Lo/ur and 
Uox4TVI are inserted therein, the following equation is 
obtained: 

- SS U2 S3NIU S8N2I2 
Fm-se(SiS) (f); "L7()+SSL/ 

S.S. Uo -- SS Uo SUNI 
S-H S 81rdo S.--S 4Trdo dL' (3) 

= F-F-F3 (4) 

where 

F m SS U2 
TS-S. 8d.: (5) 

This is a force by the permanent magnet. 

SS Uo F. S.S. ?ie (6) 
This is an excess force due to the displacement e, that 

is, a force acting to further attract the diaphragm ap 
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proaching the magnetic pole, which is a force apparently 
reducing the stiffness of the diaphragm. 

SUoN F= doL' I (7) 

This is a force generated by the magnetic flux by the 
signal current. 
Thus, the magnetic driving force Fn acting on the 

diaphragm 307 can be divided into three main com 
ponents. Hereinunder, further investigation will be made 
on the force F. 

Changing the Equation 7, 

4trVI F= St. . . . . . . 
34 SS dot S1-- do/S, L' | S3 (8) 

S1-S 
-4SS bid: (9) 

where 

=y is, is do/S,--do/S, (10) 

which is the magnetic flux by the permanent magnet 
4TNI 

(2-LIS, (11) 

which is the magnetic flux by the signal current. 
Now, consideration is given to operation of the elec 

troacoustic transducer of the invention as a whole when 
it works as an earphone. It will be understood that the 
case of a microphone can be discussed in the similar man 
ner since the electroacoustic transducer elements are re 
versible in an electroacoustic sense. As described above, 
the force Fn acting on the diaphragm 307 is composed 
of the three component forces 

F is the attracting force caused by the permanent mag 
net (before displacement takes place) 

F is the force additionally produced by the displacement 
by the force F. 

F is the force caused by the signal current flowing 
- through the coil 
As it will be known from the above discription, the 

force F is directly related to a conversion gain (power 
sensitivity) and is proportional to a produce of p1 (mag 
netic flux by the permanent magnet) by p2 (magnetic 
flux by the signal current) as will be apparent from the 
Equation 9. When b1 is increased in a transducer having 
a definite mechanical specification, the diaphragm is at 
tracted towards the permanent magnet by the attracting 
force of the magnet, and the attracting force of the perma 
nent magnet is thereby more and more increased, until 
finally the diaphragm may be attracted and secured on the 
magnet face. It is therefore desirable that a stable equilib 
rium to allow for a sufficient margin consists between the 
sum F--F2, and the stiffness of the diaphragm when 
the reduction of the apparent stiffness of the diaphragm 
by F. described in said Equation 6 is taken into considera 
tion. Thus, the magnetic flux p1 by the permanent magnet 
may preferably be set at a suitable value which is not so 
excessive. w 

Now, investigation will be made with regard to the 
magnetic flux p2 by the signal current. 

4TNI 4TVI 
a-LIS, R, (12) 

where R equals internal magnetic resistance of the per 
; : manent magnet 
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It is therefore necessary to reduce the magnetic resistance 
Ro in a passage of p2 as will be apparent from the Equa 
tion 12 in order to increase p2. 
The foregoing description will be further explained 

with reference to equivalent magnetic circuits shown in 
FIGS. 4b and 4c. FIG. 4b is the circuit of the conven 
tional transducer shown on the right-hand side of FIG. 
4a, where Rg1, Rg2, Rg8, and Ra designate a magnetic 
resistance due to an inner gap of the diaphragm, a mag 
netic resistance due to an outer gap of the diaphragm, 
and a magnetic resistance due to a gap between the cup 
and the yoke, and a magnetic resistance when considered 
from the side of the source of magnetic flux by the signal 
current. There is a relation RoxRg1==Rg among R, Rg 
and Rg, and the magnetic resistance Ra taken from the 
side of the source of magnetic flux by the signal current 
can be expressed as: 

Ra=Rg1--Rga--Rose Ro (13) 
FIG. 4c is the equivalent circuit of the transducer accord 
ing to the invention, in which a magnetic resistance Ra 
taken from the side of the source of magnetic flux by the 
signal current can be expressed as: 

Rolfga - RoRgs = Rq--Rq2-------- Ra'-Roit Riga+RE, E, 14 
from (13), (14), 

RoRg8 
Ra' Rollegal Rg8 s d 
Ea. Ro Rot legs Loftur -- d. (15) 

Rg8 in the equation designates a magnetic resistance by 
the magnetic shunt. 

While, a magnetic resistance Rb of FIG. 4b when taken 
from the side of the permanent magnet can be expressed 
S. 

Rb-Rg1--Rga (16) 
A similar magnetic resistance Rb' in FIG. 4c can likewise 
be expressed as: 

R-CR91-92) Rg8 Rg1 g2+ Rg8 (17) 

from (16), (17) 

(Rg1 + Rg2)X Rgs 
Rb" Rg1-- Rge -- Egg Rg8 
Rb Rg1-- Rg: Rg1-- Rgs -- Rgs 
2-8 
2d--da (18) 

Thus, the proportion of an effective magnetic flux com 
ponent d' to the entire magnetic flux (bi of the permanent 
magnet in FIG. 4c is given as follows: 

Rg8 d 
'iR-F(i+R) *aiza, (19) 

Then, when the actual values, do=0.01, L=0.3, ur-3 
and da=0.05, are substituted for the items of the Equa 
tions 15, 18 and 19 the following values can be obtained: 
Ra'/Ra=% (67% reduction). 
Rb'/Rb=5 (about 30% reduction) 
gb1"/p1=% (about 30% reduction) 
From the foregoing calculation, it will be apparent that, 

when considered from the side of the permanent magnet, 
leakage flux is almost covered by the reduction in the 
magnetic resistance and the magnetic resistance against 
the effective flux is reduced to one third, showing that 
the magnetic shunt circuit operates effectively. 
When the earphone is actually fabricated, the magnet 

is fully energized in an assembled state to thereby make 
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the diaphragm to closely abut therewith, and subsequent 
ly demagnetized gradually. FIG. 4d illustrates a relation 
between the sensitivity and the degree of demagnetization 
during such demagnetization process. From the curve 
shown, it will be understood that a stable and well bal 
anced operation can be obtained by selecting a point S 
as an operating point. Between points O and T, the dia 
phragm closely abuts the magnet. It will be known that, in 
this specific case, the magnet has a considerable reserve 
of energy, and any loss attributable to the magnetic shunt 
circuit can be counterbalanced. 
From the foregoing description, it will readily be 

understood that the provision of the magnetic shunt cir 
cuit by means of the annular plate 306 of magnetic mate 
rial is quite effective to reduce the magnetic resistance 
against the signal magnetic flux to an amount of one 
third the normal value and thus the transducer of high 
sensitivity can be obtained. 

Next, explanation will be given as to how the frequency 
characteristic of the electroacoustic transducer of the 
invention can be improved by the increased spaces with 
reference to an equivalent circuit shown in FIG. 5a. In 
the electroacoustic equivalent circuit of the transducer of 
the invention shown in FIG. 5a, reference numerals 51 
and 52 designate the slit 13 between the spaces a1 and 
a2, and the slit 14 between the Spaces a1 and as, respec 
tively. Numeral 53 designates viscosity of air behind the 
diaphragm 7. The magnetic driving force acting on the 
diaphragm is illustrated as at 54, and the diaphragm 7 
is represented by 55. Numeral 56 designates the sound 
passage 12 for communication between the space a 4 and 
the eardrum. While compliances of the spaces a1, a2, a3, a 4 
and the space before the eardrum are represented by ref 
erence numerals 57, 58, 59, 60 and 61 respectively. FIG. 
5b shows also an electroacoustic equivalent circuit of a 
conventional electroacoustic transducer, wherein like 
numerals are used for the elements common to the cir 
cuit of FIG. 5a. 
From the drawings, it will be known that the magnetic 

driving force Fn, in the case of the present invention, 
is transmitted to the space before the eardrum through 
a resonance system having a degree of freedom of four 
against a degree of freedom of three in the case of the 
conventional device. The device of the invention, as ill 
lustrated, is different from the conventional device in that 
it has an additional resonance circuit as enclosed by dot 
ted lines in FIG. 5a and the resistance due to viscosity 
of the air layer behind the diaphragm also effectively 
operates. Thus, according to the invention, the increase 
in the degree of freedom of oscillation is effective to di 
vide the peak resonance mainly appearing at a high fre 
quency portion, thus a good frequency characteristic can 
be obtained. 
What is claimed is: 
1. An electroacoustic transducer of small size com 

prising, a cylindrical frame, a pole piece disposed cen 
trally in said cylindrical frame, a coil disposed concen 
trically about said pole piece, a cylindrical permanent 
magnet disposed concentrically about said coil, a dia 
phragm mounted on the assembly of said pole piece, coil 
and permanent magnet, a yoke disposed below the as 
sembly of said pole piece, coil and permanent magnet, a 
plate of magnetic material disposed between said dia 
phragm and said cylindrical permanent magnet, a first 
space defined between said plate of magnetic material 
and said diaphragm, a second space defined by said plate 
of magnetic material, cylindrical frame and yoke, a small 
bore in said plate of magnetic material providing com 
munication between said first space and second space, 
a space below said yoke, and a small bore in said yoke 
providing communication between said second space 
and said space below said yoke. 

2. An electroacoustic transducer of small size com 
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trally in said cylindrical frame, a coil disposed concentri 
cally about said pole piece, a cylindrical permanent mag 
net disposed concentrically about said coil, a diaphragm 
mounted on the assembly of said pole piece, coil and 
permanent magnet, a yoke disposed below the assembly 
of said pole piece, coil and permanent magnet, a plate 
of magnetic material and annular shape disposed between 
said diaphragm and said cylindrical permanent magnet, 
a first space defined between said annular plate of mag 
netic material and said diaphragm, a second space defined 
by said annular plate, cylindrical frame and yoke, a small 
bore in said annular plate of magnetic material provid 
ing communication between said first space and said sec 
ond space, a space below said yoke, and a small bore in 
said yoke providing communication between said second 
space and said space below said yoke. 

3. An electroacoustic transducer of small size compris 
ing, a cylindrical frame, a pole piece disposed centrally 
in said cylindrical frame, a coil disposed concentrically 
about said pole piece, a cylindrical permanent magnet 
disposed concentrically about Said coil, a diaphragm 
mounted on the assembly of said pole piece, coil and per 
manent magnet, a yoke disposed below the assembly of 
said pole piece, coil and permanent magnet, a plate of 
magnetic material disposed between said diaphragm and 
said cylindrical permanent magnet and taking the form 
of a cup-like member which has a cylindrical portion de 
pending from its annular portion so as to surround said 
permanent magnet with a small space therebetween, a 
first space defined between said cup-like member of mag 
netic material and said diaphragm, a second space defined 
by said cup-like member, cylindrical frame and yoke, a 
small bore in said cup-like member providing communi 
cation betwen said first space and said second space, a 
space below said yoke, and a small bore in said yoke 
providing communication between said second space and 
said space below said yoke. 

4. An electroacoustic transducer of small size compris 
ing, a cylindrical frame, a pole piece disposed centrally 
in said cylindrical frame, a coil disposed concentrically 
about said pole piece, a cylindrical permanent magnet 
disposed concentrically about said coil, a diaphragm 
mounted on the assembly of said pole piece, coil and 
permanent magnet, a yoke disposed below the assembly 
of said pole piece, coil and permanent magnet, a plate of 
magnetic material disposed between said diaphragm and 
said cylindrical permanent magnet, an outer casing for 
accommodating said pole piece, said coil, said permanent 
magnet, said diaphragm and said yoke, made of magnetic 
material So as to form a portion of a magnetic circuit, a 
first space defined between said plate of magnetic mate 
rial and said diaphragm, a second space defined by said 
plate, cylindrical frame and yoke, a small bore in said 
plate of magnetic material providing communication be 
tween said first space and said second space, a space be 
low said yoke, and a small bore in said yoke providing 
communication between said second space and said space 
below said yoke. 

5. An electroacoustic transducer of small size com 
prising, a cylindrical frame, a pole piece disposed cen 
trally in said cylindrical frame, a coil disposed concen 
trically about said pole piece, a cylindrical permanent 
magnet disposed concentrically about said coil, a dia 
phragm mounted on the assembly of said pole piece, coil 
and permanent magnet, a yoke disposed below the assem 
bly of said pole piece, coil and permanent magnet, a 
plate of magnetic material and annular shape disposed 
between said diaphragm and said cylindrical permanent 
magnet, and outer casing for accommodating said pole 
piece, said coil, said permanent magnet, said diaphragm 
and said yoke, of magnetic material so as to form a por 
tion of a magnetic circuit, said outer casing having an 
upper face, a shielding casing covering said upper face 

prising, a cylindrical frame, a pole piece disposed cen- 75 of said outer casing, a first space defined between said 
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plate of magnetic material and said diaphragm, a second 
space defined by said plate, cylindrical frame and yoke, 
a small bore in said plate of magnetic material providing 
communication between said first space and said second 
space, a space below said yoke, and a small bore in said 
yoke providing communication between said second 
space and said space below said yoke. 
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