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UNITED STATES PATENT of FICE 
ELECTROMECHANICAL TRANSDUCER 

'. Warren P. Mason, West Orange, N. J., assignor 
to Bell Telephone Laboratories, incorporated, 
New York, N. Y., a corporation of New York 
Application June 19, 1948, Serial No. 34,040 

(CI. 179-110) 4. Claims. 

This invention relates to electromechanical 
transducers and more particularly to electro 
acoustic translating devices, such as telephone 
receiverS. 
Objects of this invention are to simplify the 

structure and to increase the efficiency of elec 
tromechanical transducers and to obtain a high 
Output level for telephone receivers. 
The invention is predicated in part upon the 

discovery that a body of polycrystalline barium 
titanate (BaTiO3) can be caused to vibrate in 
the thickness mode in response to an applied al 
ternating current signal, with a high electrome 
chanical coupling and that this effect may be uti 
lized practically to translate electrical signals 
into uSable mechanical or acoustic energy. 
Barium titanate is a readily moldable and me 

chanically workable ceramic having a dielectric 
constant somewhat in excess of 2000. If a disc 
thereof is. Subjected to a Small alternating-cur 
rent signal applied between its faces, it acts 
simply as a condenser. If, however, the disc 
is polarized in the direction normal to its faces, 
as by the application of a high direct-current 
Voltage between these faces, and a small alter 
nating-current, signal is then applied, either su 
perimposed upon the direct-current voltage or 
after the latter has been removed, mechanical 
reSOIlanceS are produced. The effects are elec 
trostrictive and the most prominent is asso 
ciated with vibration in the thickness longitudi 

The electromechanical coupling fac nal mode. 
tor for this mode may be of the order of 0.5. 
The voltage for applying the direct-current 

bias or inducing the remanent polarization. 
should be large, of the order of 5 to 30 kilovolts 
per centimeter, and its magnitude affects the 
coupling factor. Generally, the higher the po 
larizing or biasing voltage the higher the cou 
pling factor, although the rate of increase of 
coupling factor with increasing voltage decreases 
as the voltage increases. Also the electro 
strictive constant for the thickness mode in 
creases as the applied direct current voltage in 
Ce3SeS. . . - 

in one illustrative embodiment of this inven 
tion, an electromechanical transducer comprises 
a ring or cylinder of barium titanate which is 
polarized in the direction of its thickness, that 
is radially, by a strong direct-current voltage and 
is excited to vibrate radially by applying a small 
alternating-current signal thereto in the direc 
tion of the polarization. As the thickness of the 
ring or cylinder increases and decreases, in re 
sponse to the applied alternating-current signal, 
the ring expands and contracts accordingly. 
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The ring or cylinder may be utilized to drive 
an operating element, Such as an acoustic dia 
phragin. In one embodiment the ring or cylinder 
is coupled to the diaphragm by a Spider or other 
connector in such manner as to effect substan 
tially bodily vibration of the diaphragm. par 
allel to the axis of the ring or cylinder. The 
coupling or connector advantageously is con 
Structed to produce a large transformation ratio, 
whereby a desirable high air load impedance for 
the diaphragm is realized. 
The parameters of the vibrating system, in 

cluding the ring or cylinder and the diaphragm, 
are correlated so that the system is resonant at 
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a preassigned frequency, for example at the 
highest frequency in the range to be translated 
by the device. - 
The invention and the features thereof Will be 

understood more clearly and fully from the foll 
lowing detailed description with reference to the 
accompanying drawing in which: 

Fig. 1 is in part a sectional view and in part 
a block diagram of a telephone receiver illustra 
tive of one embodiment of this invention; 

Fig. 2 is a side view of the diaphragm and 
driving ring unit included in the receiver shown 
in Fig. 1, a portion of the unit being broken away 
and the nature of the diaphragm motion being 
indicated; and 

Fig. 3 is a sectional view of a telephone re 
ceiver illustrative of another embodiment of this 
invention, the casing being omitted for the sake 
of simplicity of illustration. - 

Referring now to the drawing, the electro 
acoustic transducer illustrated in Fig. 1 comprises 
a casing () to which a cap or an earpiece 
having a plurality of apertures 2 therein is 
threaded. Within the casing and seated upon a 
resilient, e.g. soft or sponge rubber annulus 3 
therein, is a ring or short cylinder 14 of barium 
titanate having electrodes 5 and 6, for example 
metal coatings such as silver paste, upon the in 
ner and outer faces thereof. A. diaphragm, for 
example of a lightweight metal such as Duralu 
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rain, is fixed to one end of the ring or cylinder 
4, the diaphragm having a central, dished, sub 

stantially bodily vibratile portion T and a sur 
rounding portion. 8 the periphery of which is 
Secured to the ring 4, as by cementing. 

Electrical connection may be established be 
tween an input signal source 9 and the elec 
trodes 5 and 6 by way of conductors 20. The 
ring may be polarized in the direction of its 
thickness, that is radially, by a high voltage di 
rect-current Source 2f connected across the con 
ductors 20 through a switch 22. 
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In response to an alternating-current signal 
applied from the source 9, the ring 4, by electro 
strictive action, is excited to vibrate. That is to 
say, the ring will vary in thickness cyclically and 
the thickness vibration will excite vibration of the 
ring in radial modes. This vibration is translated 
into vibrations of the diaphragm 7. The nature 
of the diaphragm displacement is illustrated in 
Fig. 2 wherein the position of the diaphragm for 
expanded and contracted conditions of the ring 
4 as it vibrates are indicated by the dotted lines 
fTA and TB respectively. The motion of the 
central portion 7 of the diaphragm is essentially 
piston-like; the portion 8 of the diaphragm act 
ing as a lever arm coupling the ring 4 and the 
diaphragm portion 7 whereby the vibration of 
the ring 4 is transformed into larger amplitude 
vibration of the diaphragm portion . 

In the embodiment of the invention illustrated 
in Fig. 3, the barium titanate ring 4 is coupled 
mechanically to the apex of a dished or conical 
diaphragm by a pair of lightWeight, Stiff 
armed spider members 23 which are connected 
at their centers by a rigid post 24. Expansion 
and contraction of the ring 4 in response to an 
alternating-current signal Superimposed upon the 
strong direct-current polarization is transformed 
into bodily vibration of the diaphragm. Inas 
much as the spider arms are stiff, a high trans 
forming ratio is obtained, that is, a transforma 
tion of Sidewise motion of the ring into up and 
down motion of the diaphragm in the ratio of 
ac/y is realized. This ratio may readily be made 
of the Order of 50 to 100 So that the air impedance 
of the receiver may be transformed up in the 
ratio. of the order of 2,500 to 10,000. 
In the design of a transducer such as those 

illustrated in Figs. 1 and 3 certain parametral 
magnitudes and relationships are advantageous. 
For example, advantageously the barium titanate 
ring is made thin, for example of the Order of 
0.03 centimeter in a telephone receiver, whereby 
a low electrical impedance and low mechanical 
impedance with a consequent good match to the 
air load impedance on the diaphragm are ob 
tained. Also, the use of a relatively low direct 
current biasing voltage is thus enabled. The con 
stants of the vibrating system should be corre 
lated so that this system including the barium 
titanate ring is resonant at about the highest 
frequency to be translated by the device. For 
example, in a typical receiver, the ring 4 may 
be 3.0 centimeters in diameter and 0.03 centimeter 
thick radially and the direct-current bias may be 
30,000 volts per centimeter whereby the highest 
thickness mode resonance frequency of the ring 
is about 50,000 cycles. The mass of the ring plus 
the mass of the diaphragm in the device illus 
trated in Fig. 1, or plus the mass of the ring and 
the spider in the device illustrated in Fig. 3, are 
correlated with the stiffnesses of the vibrating 
elements in known ways to produce resonance of 
the system at the desired frequency. 
In devices of the constructions described, a 

high electromechanical coupling is realized be 
cause of the excitation of the barium titanate in 
the thickness mode. Hence, high translation effi 
ciencies are attained. Furthermore, because of 
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the large dielectric constant, in excess of 2,000, 
of the barium titanate, the electrical impedance 
of the devices is quite low and, therefore, the 
devices are Suitable for use in place of conven 
tional transducers of other than the crystal type. 
Although the invention has been described with 

reference to telephone receivers, it may be utilized 
also in transmitters. Furthermore, although 
specific embodiments of the invention have been 
shown and described, it will be understood that 
they are but illustrative and that various modi 
fications may be made therein without departing 
from the scope and spirit of this invention as 
defined in the appended claims. 
What is claimed is: 
1. An electroacoustic translating device com 

prising a radially polarized ring of barium titan 
ate, means for exciting said ring to effect electro 
strictive vibration thereof in the thickness mode, 
and a diaphragm coupled to said ring for actu 
ation by vibration thereof. 

2. An electroacoustic translating device com 
prising a ring of barium titanate, a diaphragm 
adjacent said ring and having its periphery con 
nected thereto, means for polarizing said ring 
radially, and means for impressing an alternat 
ing-current signal radially upon said member. 

3. An electroacoustic translating device com 
prising a circular cylinder of barium titanate, a 
diaphragm opposite one end of said cylinder and 
having a central portion and a surrounding por 
tion connected to said. One end of Said cylinder, 
means for impressing a direct-current polarizing 
voltage upon and radially of said cylinder, and 

5 means for applying an alternating-current signal 
voltage radially upon said cylinder. 

4. An electromechanical transducer comprising 
a cylinder of barium titanate, means for exciting 
said cylinder to effect electrostrictive radial vi 
bration thereof in the thickness mode, a Spide1 
member having arms joined at one end and in 
clined relative to the plane of one end of Said 
cylinder, the other end of said arms being affixed 
to said one end of said cylinder, and an operating 
member coupled to the joined ends of said arms. 

WARREN. P. MASON. 
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