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57 ABSTRACT 
An electroacoustic transducer is described which is ... 
especially useful in telephones. An essentially flat 
frequency response curve in the voice range is realized 
by setting up a resonance peak in the free section of 
the diaphragm. The diaphragm is supported at its 
periphery by elastic bodies so that the fundamental 
frequency of oscillation of the diaphragm will have a 
node line in the region where the diaphragm is sup 
ported. The support arrangement according to the in 
vention sets up at least a second node line having a 
smaller diameter than the fundamental node line and 
in the free section of the diaphragm. 

8 Claims, 3 Drawing Figures 
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1. 

ELECTROACOUSTIC TRANSDUCER 
BACKGROUND OF THE INVENTION 

This invention relates to electroacoustic transducers, 
and particularly to such transducers which utilize a 
diaphragm which will vibrate according to the acoustic 
vibrations impinging thereon and produce correspond 
ing electrical signals. The invention is particularly ap 
plicable to those diaphragms constructed of a material 
which requires that the diaphragm be stressed to the 
point of bending. 

It is known in transducers of the above type that the 
frequency response curves thereof in the bandwidth or 
frequièncy range in which it is desired that the trans 
ducer operate meet certain predetermined require 
ments. These latter requirements particularly 
emphasize a constant or substantially flat frequency 
response curve in the desired area of operation of the 
transducer. Prior art transducers are usually equipped 
with appropriately adjusted resonators that influence 
the frequency response curve in the desired way by flat 
tening the resonance peaks thereon. Such transducers, 
however, are complicated and expensive to manufac 
ture. 

Various forms of construction of transducers of this 
type have been used in an effort to improve their 
characteristics. The prior art demonstrates that 
diaphragms of electroacoustic transducers may be sup 
ported in their peripheral areas by the use of elastic in 
termediate layers. For example, in carbon microphones 
the diaphragm is often fixed between two thin sheets of 
rubber. These sheets serve to insulate the diaphragm 
from the case of the transducer. This mode of construc 
tion, however, has a somewhat derogatory effect on the 
operation of the diaphragm, and in no way can be used 
to enhance its operational characteristics, particularly 
its frequency response. 

In electromagnetic transducers it is known to 
suspend the metal diaphragm at its peripheral area 
between two rubber members having little wall 
strength. The purpose of this suspension arrangement is 
to insure that the diaphragm in each of its many possi 
ble positions is as flat as when it is at rest. This mount 
ing arrangement, of course, has no application to 
diaphragms which are generally stressed to the point of 
bending. 
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2 
SUMMARY OF THE INVENTION 

The aforementioned and other objects are realized in 
an electroacoustic transducer constructed according to 
the principles of this invention in which upon the 
diaphragm an additional resonance peak is set up in ad 
dition to the resonance peak of the fundamental 
frequency of oscillation of the diaphragm. This addi 
tional resonance peak is at a frequency which is numer 
ically related to the fundamental frequency of the 
diaphragm and is within the desired operating range of 
the transducer, and the node line for the additional 
peak is in the free section of the diaphragm. This mode 
of operation of the diaphragm will produce a substan 
tially constant frequency response curve in the 
frequency range in which the transducer is operating. 
In the preferred form of the invention the speech 
frequency range is of interest, and in prior art 
diaphragms operating in this frequency range a sub 
stantial loss is usually experienced at the upper end of 
the range. The mode of operation described 
hereinabove avoids such losses in an inexpensive and 
uncomplicated manner. 
The mode of oscillation for the diaphragm described 

hereinabove can be simply realized by placing the 
diaphragm between elastic positioning bodies having 
corresponding elastic characteristics. It has been found 
that, for example, silicon rubber is a material which is 
very appropriate for this application. As discussed 
hereinabove, it is known to use elastic materials in vari 
ous forms to suspend a diaphragm, but there is no sug 
gestion in the prior art forms of the particular mode of 
suspension described herein which enhances the 
frequency characteristics of a diaphragm of the type 
here in question. That is, the prior art modes of suspen 
sion do not produce the additional oscillation node line 
in the free section of the diaphragm, and do not 
produce a flattening of the frequency response curve of 
the transducer in the range of interest. 
The mode of elastic suspension of the diaphragm 

described herein produces a fundamental oscillation 
node line in the region of the suspension, i.e., the 
diameter of the fundamental node line substantially 
corresponds to the diameter of the diaphragm. How 
ever, the node line for the first harmonic of the funda 
mental frequency of oscillation of the diaphragm will 
be in the free section of the diaphragm in an area ad 
joining the supported area. The parts of the diaphragm 

In constructing multiple layer diaphragms having 50 which are separated by the latter oscillation node line 
several layers of electrostrictive material it is known to 
place the several layered diaphragm between a firm 
and a resilient support around the peripheral portion 
thereof. This mode of suspension is useful for increas 
ing the sensitivity of the transducer but it has no useful 
effect in producing the desired frequency charac 
teristics for the transducer. 

It is, therefore, an object of this invention to provide 
a transducer of the type mentioned hereinabove which 
can have its frequency response curve easily adjusted 
to the desired flat characteristics in the frequency band 
of interest. 

It is another object of this invention to provide a sup 
port means for such a transducer which will cause the 
diaphragm of the transducer to have a substantially flat 
frequency response curve in the frequency range in 
which it is desired that the transducer operate. 
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move in opposite directions. The material of the bodies 
supporting the diaphragm is deformed by the move 
ment of the diaphragm in the area of suspension. This 
means that these resonance peaks are flattened in a 
desirable way and that any other resonance peaks are 
flattened thereby smoothing the frequency response 
CUWe. 
The transducer according to this invention is particu 

larly easy to construct in that the positioning bodies 
which touch the diaphragm on both sides are exten 
sions of a body of the same material that surrounds the 
edges of the diaphragm or of abutting bodies which 
meet outside of the edge of the diaphragm. This elastic 
body containing the diaphragm is then supported 
within the transducer case. Elastic bodies constructed 
according to the invention and used with round 
diaphragms have essentially the form of a ring split in 
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its inside diameter and can be easily placed against the 
diaphragm edge. The diaphragm and its elastic support 
ing body can readily be positioned in a transducer case. 
The elastic body supports the diaphragm by engaging 

with the portions thereon radially inward of the edge of 
the diaphragm so that the edge area of the diaphragm is 
free to move in a plane vertical of the plane of the 
diaphragm. 
An advantageous mode of construction of the elastic 

supporting body is one that utilizes opposed projections 
extending inwardly of the elastic body which engage 
with the opposite sides of the diaphragm. In particular, 
in the case of a round or disc-shaped diaphragm it has 
been found advantageous to use at least two ring 
shaped projections whereby the radially outermost pro 
jection has a somewhat smaller diameter than the 
diameter of the diaphragm. 
An elastic body having the desired elasticity can be 

realized independently from the size of such a body 
needed to fit within a transducer case by removing cer 
tain portions of the cross sectional area of the body so 
that these portions of the elastic body are in fact 
weaker. 

It has been found that the projections extending from 
the elastic supporting body to support the diaphragm 
can be made in a variety of cross sectional shapes. In 
stead of using ring-shaped projections to engage the 
diaphragm, which are integral with the supporting body 
or bodies, it has been found that separated ring shaped 
supporting bodies made of elastic materials and having 
different diameters may be used. 
The oscillatory behaviors of the diaphragm accord 

ing to the invention is particularly appropriate for elec 
troacoustic transducers in which the diaphragm is pro 
vided with at least one layer of a material which has 
piezoelectric or piezoresistive qualities. As is well 
known, such diaphragms are usually stressed to the 
point of bending according to the particular charac 
teristics of the material used. Depending on the appli 
cation involved it is often useful to use a diaphragm 
made of metal having a layer of such a material. The 
fundamental frequency of oscillation of such a 
diaphragm can be placed in the appropriate range ac 
cording to the elastic qualities of the material used for 
the diaphragm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The principles of the invention disclosed and claimed 
herein will be best understood by reference to a 
description of the preferred embodiments given herein 
below in conjunction with the drawings in which: 

FIG. 1 is a cross sectional view of a piezoelectric 
microphone constructed according to the principles of 
this invention; 

FIG. 2 is a partial cross sectional view of an alterna 
tive embodiment of the microphone illustrated in FIG. 
l, and 
FIG. 3 is a simplified cross sectional view of a 

suspended diaphragm according to the principles of the 
invention in the position for first harmonic vibration. 
DETALED DESCRIPTION OF THE DRAWINGS 

The microphone in FIG. 1 includes a flat disc-shaped 
diaphragm 1 preferably made of titanium and which 
has pasted thereon a layer 2 of piezoelectric ceramic 
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4. 
material. The materials used are, of course, a matter of 
choice depending on the application. The diaphragm a 
is contained in and supported by a ring-shaped elastic 
body 3, preferably made of silicon rubber. The elastic 
body 3 has two opposed pairs of inwardly projecting 
circular or ring-shaped projections 6, 7, 8 and 9, which 
engage with and support the diaphragm 1. The radially 
outermost projections 6 and 8 are of a diameter such 
that the edge surface 14 of the diaphragm is free to 
move vertically in a plane perpendicular to the plane of 
the diaphragm. 
The elastic body 3 containing the diaphragm is sup 

ported within the microphone structure upon a 
horizontally positioned disc 15 having an upward turn 
ing flange 16 around the outer edge thereof. The sup 
porting member 15 is itself supported by a case 18 of 
the microphone in the area of the supporting member 
i5 which is below the portion thereof which supports 
the elastic body 3. The assembly discussed above is 
covered by a cover 17. The electrodes of the piezoelec 
tric ceramic layer are connected by leads 2i and 22 to 
an amplifier 23. This amplifier may be any of the well 
known types conventionally used for such applications 
and as is conventional as well, a diode 24 may be 
needed. The amplifier and diode are suspended within 
a body of insulating material 25. This body of insulating 
material is fastened beneath the flange portions 6 of 
the above mentioned disc-shaped supporting member 
5. 
The elastic supporting body 3 for the diaphragm is 

constructed so that it extends upwardly to substantial 
engagement, or so that it at least adjoins, the cover 17. 
This portion of the elastic supporting body is indicated 
by a numeral 4. The portion of the elastic body which 
rests on supporting member 15 is indicated by the nu 
meral 5. It has been found that by removing portions, 
such as portions 10 and 11, of the cross sectional area 
of the portion 4 of the elastic supporting body 3, and by 
removing cross sectional portions 12 and 13 of the por 
tion 5 of the supporting body 3 that those portions, of 
the elastic supporting body having the smaller cross 
sectional area will substantially follow the motion of 
the diaphragm. The portions of body 3 which have this 
smaller cross sectional area are vertically adjacent the 
projections 6-9. This mode of construction allows the 
achievement of the desired elasticity of the supporting 
body substantially independently of the amount or size 
of the material which is needed to form the elastic sup 
porting body so that it fills the area between the 
diaphragm and the remaining portions of the 
microphone assembly. 

In the preferred embodiment of the invention 
described hereinabove, which is a microphone for use 
in telephones, the diaphragm has a diameter of 43 mil 
limeters, and the piezoelectric material therein is of 
diameter of 30 millimeters with a thickness of 0.15 mil 
limeters. The opposed pairs of projections 6 and 8, and 
7 and 9, of the elastic body 3, respectively, have diame 
ters of 4.5 and 38 millimeters. 

In FG. 2 is illustrated an alternative embodiment of 
the microphone discussed in connection with FIG. 1. In 
this embodiment, an elastic supporting body 26 for the 
diaphragm is formed in substantially the same manner 
as is the body 3 in F.G. 1. However, the elastic body 26 
does not have the portions removed from its cross sec 
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tional area so that the portions 31 and 32 of the elastic whereby a resonance peak corresponding to the fun 
body 26 do not have weaker areas therein. The elastic damental frequency of oscillation of said 
body 26 includes projections 27-30 which are con- diaphragm, in the desired frequency range of 
structed in the manner described in FIG. 1, but in this operation of said transducer, and at least one addi 
case the projections have a trapezoidal cross section. It 5 tional resonance peak are set up, said additional 
has been found that a number of cross sectional shapes resonance peak having a node line in the free sec 
are useful for this purpose. tion of said diaphragm and being at a frequency 

FIG. 3 is a simplified cross sectional drawing illus- which is in the frequency bandwidth in which it is 
trating the principles of operation of the invention. In desired that said transducer operate. 
this Figure, an elastic supporting body L is shown in 10 2. The electroacoustic transducer defined in claim 1 
which a diaphragm M is supported in the manner wherein said diaphragm is stressed to the point of bend 
described in connection with FIG.1. The diaphragm M ing - has a piezoelectric layer P fastened to the surface 3. The electroacoustic transducer defined in claim 1 
thereof. The Figure illustrates that in the free section of wherein said elastic material is silicon rubber. 
the diaphragm a nodal line is formed adjoining the 15 4. The electroacoustic transducer defined in claim 1 herein said diaphragm is placed in said supportin 
suspended portions of the diaphragm. It is further W phrag p pporting 
sh . in E. figure that E E. vement of the means so that the edge area of said diaphragm which ibrates in a plane perpendicular to the surface plane of 
diaphragm deforms the elastic supporting body L in the viora E.E.d manner during its E. g body the diaphragm is free of said supporting means. 
The preferred embodiments of the invention 20 5. The electroacoustic transducer defined in claim 1 

p wherein said supporting means comprises at least two 
described herein above are considered to be only ex - opposed pairs of said projections having a shape sub 
emplary, and it is contemplated that many modifical stantially corresponding to the peripherishape of said 
tions of changes to these embodiments may be made diaphragm and wherein the radially outermost of said 
within the scope of the dependent claims. 25 projections surround a surface area of said diaphragm 
We claim: smaller than the total surface area of said diaphragm. 
1. An electroacoustic transducer, comprising: 6. The electroacoustic transducer defined in claim 5 
2 diaphragm constructed from electrostrictive wherein said SEESE; means, has portions removed 

material and from its cross sectional area so that the portions of said 
means for supporting said diaphragm around the 30 supporting means having a smaller cross sectional area 
periphery thereof constructed of elastic material, are vertically adjacent said projections. 
said supporting means, in order to engage said 7. The electroacoustic transducer defined in claim 1 
diaphragm on both sides thereof, having at least an wherein said projections have a trapezoidal cross sec 
opposed pair of projections extending inwardly of tional shape. 
said supporting means and around the perimeter 35 8. The electroacoustic transducer defined in claim 
thereof, the portions of said supporting means en- wherein said diaphragm includes at least a layer of 
gaging said diaphragm on both sides thereof hav- piezoelectric material. 
ing corresponding elastic characteristics, ck x k k : 
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