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ELECTROSTATIC-PIEZOELECTRIC 
TRANSDUCER 

BACKGROUND OF THE INVENTION 

l. Field of the Invention: 
The present invention relates to an electrostatic type 

electroacoustic transducer having as the oscillator a pi 
ezoelectric polymer showing a piezoelectric effect of 
developing a stretching motion in the direction perpen 
dicular to the electric axis of the piezoelectric element. 

2. Description of the Prior Art: 
Electrostatic type electroacoustic transducers having 

as the oscillator a piezoelectric substance composed of 
a polymer such as a vinylidene ?uoride resin as illus— 
trated in FIG. I of the accompanying drawings are well 
known. FIG. I is a schematic view showing the princi 
ple of the conventional piezoelectric type electroacous 
tic transducers using a piezoelectric polymer as the os 
cillator. In the figure, an oscillator ?lm l composed of 
a piezoelectric substance of a polymer such as a vinyli 
dene ?uoride resin having stretching type piezoelec 
tricity has electrodes 2 and 2’ at both surfaces thereof. 
The electrodes are formed by vacuum depositing or at 
taching a conductor. 
The stretching type piezoelectric effect referred to 

above is explained by referring to FIG. 2 of the accom 
panying drawings. That is, when an electric ?eld is ap 
plied to a piezoelectric element A in the direction of 
the electric axis B of the element, the piezoelectric ele 
ment A develops an expanding or contracting move 
ment in the direction C perpendicular to the electron 
axis direction B. In the electroacoustic transducer as 
shown in FIG. I, when a signalfrom an electric system 
is applied to the electrodes 2 and 2', a stretching mo 
tion induced by the aforesaid piezoelectric effect oc 
curs as shown by a dotted line in the FIG. 1, whereby 
the electroacoustic conversion is effected. The electro 
acoustic transducer as mentioned above is sufficient for 
some practical purposes. 
However, when a piezoelectric polymer film which 
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acts as an oscillator is used in such an electroacoustic ' 

transducer. the piezoelectric film is required to show 
good acoustic characteristics in addition to acting as 
the oscillator and further it is desirable that the piezo 
electric film give a larger sound output so that the elec 
troacoustic transducer can be easily made. 
Furthermore, when a stretching type piezoelectric 

polymer film is utilized as an oscillator for speakers, 
and the like, the polymer ?lm develops a stretching 
movement by the application of an electric ?eld to both 
surfaces of the polymer ?lm, but when the polymer ?lm 
is stretched in a plane, only the tension of the polymer 
?lm changes by the stretching movement and the ?lm 
does not oscillate. Accordingly, it is required to provide 
a curvature to the polymer film. In order to stretch the 
polymer film while providing a curvature thereto, the 
?lm must be supported. resulting in the oscillations of 
the ?lm being hindered by the support and the sound 
thus distorted. Thus, the use of a support for a curved 
?lm is inevitably accompanied with the problem that 
the planning and manufacturing of acoustic transduc 
ers becomes. in general. complicated. 
An example. of the conventional electrostatic- or 

capacitor-type electroacoustic transducer is illustrated 
in FIG. 3, which shows the principle ofa cupacitor—type 
electroacoustic transducer using a ?xed electret elec 
trode. In FIG. 3 an oscillator 3 is composed of an oscil 
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2 
lator ?lm 4 and an electrode 5 attached thereto and a 
?xed electret electrode 6 is composed of an electret 7 
and a back plate 8 vacuum-deposited or attached 
thereto. When the surface of the electret 7 facing the 
oscillator 3 is, as shown in the FIG. 3, charged posi 
tively by the polarization potential of the electret, the 
surface of the oscillator 3 is charged negatively. 

In this case, the back plate 8 of the ?xed electrode 
has been connected to the one of the terminals of the 
secondary winding of a transformer 15, while the elec 
trode 5 of the oscillator has been connected to the 
other of the terminals of the same secondary winding 
of the transformer. 

If an ordinary ?xed electrode is used in a capacitor 
type electroacoustic transducer, a dc. bias potential is 
required but in case of the electret type ?xed electrode 
as mentioned above, the application of a bias potential 
is unnecessary. When an alternating current signal is 
applied to the primary winding of the transformer 15 
through a signal source 16, the electrostatic charge on 
the ?xed electrode 6 changes to provide an electro 
static attractive force or an electrostatic repulsive force 
between the ?xed electrode 6 and the oscillator 3, 
which results in causing the oscillation of the oscillator 
3 corresponding to the a.c. potential thus applied. 

SUMMARY OF THE INVENTION 

The inventors have investigated techniques for im 
proving the sound output or sensitivity of electroacous 
tic transducers and as the result it has been discovered 
that an electroacoustic transducer having excellent 
characteristics can be obtained by combining the char 
acteristics of a capacitor type electrostatic; electro 
acoustic transducer and the characteristics of a piezo 
electric type electroacoustic transducer. 

In the present invention, an electroacoustic trans 
ducer of the abovementioned electrostatic- or capaci 
tor-type is constructed by employing a piezoelectric 
polymer film, the ?lm having electrodes on both sur 
faces thereof asthe oscillator ?lm. 

In regard to FIG. 1 the principle was stated that the 
piezoelectric type electroacoustic transducer using a 
piezoelectric polymer ?lm as the oscillator are old. In 
the present invention, by utilizing the oscillation caused 
by the piezoelectric polymer ?lm type oscillator and 
the oscillation caused by the aforesaid capacitor~type 
electroacoustic transducer in a superposed relation 
ship, larger oscillations have been obtained. 

It is known that the polarity of the piezoelectric poly 
mer ?lm can be determined by the polarity of a dc. 
electric ?eld applied to the polymer ?lm under heating 
for providing piezoelectricity to the polymer ?lm. 
Therefore. it is possible to know quite easily whether a 
piezoelectric polymer ?lm prepared by the above 
mentioned method expands or contracts when the pi 
ezoelectric polymer ?lm is used as the oscillator ?lm 
for an electroacoustic transducer and a positive or neg 
ative electric ?eld is applied thereto. 
Thus, by so constructing or planning that the oscilla 

tion, as a capacitor-type electroacoustic transducer due 
to an a.c. electric ?eld applied to a piezoelectric poly 
mer ?lm employed in the transducer as the oscillator, 
coincides with the oscillation as a piezoelectric-type 
electroacoustic transducer. a quite large or strong os 
cillation can be obtained. A 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a prior art piezoelectric transducer. 
FIG. 2 illustrates the operation of the piezoelectric 

transducer shown in FIG. 1. 
FIG. 3 is a prior art electrostatic transducer. 
FIGS. 4, 4A and 4B show an electrostatic type elec 

troacoustic transducer in accordance with the present 
invention. 
FIG. 5 shows another embodiment of an electrostatic 

type electroacoustic transducer in accordance with the 
present invention. 
FIGS. 6 and 7 show the equivalent electrical circuits 

of the embodiments in FIGS. 4A and B and FIG. 5. 
FIG. 8 shows another embodiment of an electrostatic 

type electroacoustic transducer in accordance with the 
present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Now. the principle of electroacoustic transducer of 
this invention will be explained more in detail by refer 
ring to FIG. 4, FIG. 4A and FIG. 48. FIG. 4 shows this 
transducer in a stationary unexcited state prior to the 
vibrating operation shown in FIGS. 4A and 4B and 
prior to supplying the electrical connections among the 
electrodes and the ac. input. In FIG. 4A, a ?xed elec 
trode 9 of the electroacoustic transducer of this inven 
tion, which is in an ac signal free state, is disposed fac 
ing an oscillator 12 consisting of an oscillator film 14 
sandwiched between electrodes 13. The surface of the 
?xed electrode has been charged positively, while the 
surface of the oscillator 12 has been charged negatively 
in the state shown in the ?gure. The ?xed electrode 9 _ 
is composed of an electret l0 and a back plate 11. If a 
bias electric source is used, the ?xed electrode 9 may 
be composed of only a conductive plate without an 
electret. 
As illustrated in FIG. 4A, the oscillator 12 has been 

charged negatively as mentioned above by the polariza 
tion potential on the electret 10 and thus the oscillator 
12 has been deformed to the side of the fixed electrode 
by the attractive force caused by the static charges on 
the electret 10. 
Then, when an alternating current signal is applied to 

the ?xed electrode 9 from a signal source through a 
transformer 15, which may be omitted as the case may 
be, the charges on the ?xed electrode change and thus 
the oscillator is vibrated by the electrostatic attractive 
and repulsive forces. In this case, the oscillator ?lm 14 
is made of a piezoelectric polymer ?lm. the oscillator 
?lm itself oscillates by the piezoelectric effect in pro 
portion to the change of the electrostatic charges. 

In the embodiment illustrated in FIG. 48. when a 
positive potential is. for example. applied to the ?xed 
electrode 9 as a signal. the oscillator 12, again compris 
ing the film 14 sandwiched between electrodes 13, ap 
proaches the position shown by the dotted lines accord 
ing to the principle of the electrostatic electroacoustic 
transducer mentioned above corresponding to a half 
period of the alternating current signal thus applied. 
Further if the polarity of the piezoelectric polymer ?lm 
I4 is so selected that the oscillator expands by the in 
crease of the negative charges on the oscillator on the 
side near the ?xed electrode. the oscillator 12 further 
approaches the ?xed electrode side and the deforma 
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4 
tion of the oscillator is further increased to the position 
shown by the solid lines as shown in FIG. 4B. 
When an opposite electric ?eld is applied to the sys 

tem. the oscillator 12 moves to a largely deformed posi 
tion opposite to the above by the repulsive force of the 
?xed electrode and the reduction of the curvature of 
the oscillator by the contraction of the piezoelectric 
polymer ?lm 14. Accordingly, for effectively utilizing 
the change of the curvature by a contraction of the pi‘ 
ezoelectric polymer ?lm, the oscillator may be pro 
vided with some curvature even in its contracted state. 
As indicated in FIGS. 4, 4A and 4B, the electrode 9 

and one oscillator electrode 13 are to be connected to 
one side of the secondary winding of transformer I5, 
whereas the other oscillator electrode I3 is to be con 
nected to the other terminal of the secondary winding. 
Furthermore, when a mechanical oscillation is ap 

plied to the oscillator and an electric signal is produced 
for an output as in the case of a microphone. a large 
change in electric potential can be obtained by an elec 
troacoustic transducer of the same structure based on 
the same principle. 

In order to charge the oscillator. a dc. bias voltage 
may be applied to the oscillator, as in a general electro 
static type transducer, or an electret is disposed near 
the oscillator and the electric ?eld thereof may be uti 
lized. The latter system of using the electret is particu 
larly convenient since this requires no transformer hav 
ing an intermediate tap for increasing the voltages for 
the polarization potential and the input signal and at 
the same time dividing them to give opposite charges 
to both ?xed electrodes disposed on opposite sides of 
the oscillator. 
Moreover. besides the single-type electroacoustic 

transducer indicated above. the principle of this inven 
tion can apply to a push-pull type electroacoustic trans 
ducer as illustrated in FIG. 5 of the accompanying 
drawings. 
As in the above example of this invention, an oscilla 

tor 12 in FIG. 5 is composed ofa piezoelectric polymer 
?lm and electrodes vacuum-coated or attached to both 
surfaces thereof. Two ?xed electrodes 9 and 9’ each 
comprise an electret and an electrode disposed at the 
opposite sides of the oscillator 12, with a proper inter 
val and the ?xed electrodes are connected across the 
terminals of the secondary winding ofa transformer 15. 
The electrodes of the oscillator 12 are also connected 
across the secondary winding of the transformer. A sig 
nal source 16 has been connected to the primary wind 
ing of the transformer IS. 
The electrets of the ?xed electrodes 9 and 9' have 

been charged preliminarily as indicated in FIG. 5 and 
when a signal is applied to the ?xed electrodes from the 
signal source 16, the charge on the surface of one of the 
electrets is cancelled, while the charge on the other is 
increased. 
By repeating such an action. the oscillator causes os 

cillation. Furthermore, the oscillator develops a bend 
ing or bowing movement by the piezoelectric effect due 
to the change in electrostatic charge and by superpos 
ing the oscillation caused by the bending movement. a 
large oscillation can be obtained from the transducer 
system. 
When the oscillator is thick and when the direction 

of the oscillation caused by the bending movement of 
the piezoelectric polymer ?lm based on the piezoelec 
tric effect cannot be determined. by the phenomenon 
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that it has previously been charged by the electrets, it 
is necessary to plan the oscillator so that the direction 
of oscillation is predetermined. For this purpose, the 
oscillator ?lm itself may be fabricated in the shape 
matching such a purpose. For example the oscillator 
?lm may be provided with a curvature or the oscillator 
?lm may be ?xed locally at at least one position by a 
?xing substance at, for instance, a central portion 
thereof. ‘ 

The piezoelectric polymer used in this invention may 
be a piezoelectric element made of a vinylidene ?uo 
ride resin showing large piezoelectricity. “vinylidene 
?uoride resin” in this speci?cation refers to polyvinyli 
dene ?uoride or a copolymer of vinylidene ?uoride and 
at least one monomer copolymerizable with vinylidene 
?uoride. 
A non-oriented ?lm of the vinylidene ?uoride resin 

which was subjected to do. electric ?eld or a non 
oriented film of the vinylidene ?uoride resin which was, 
after being uniaxially oriented_,wsubjected to a dc. elec 
tric ?eld under heating shows a high piezoelectricity 
and it can be used in the electroacoustic transducer of 
this invention. 
When an electric potential is applied to a non 

oriented film of a vinylidene ?uoride resin at tempera~ 
tures near the melting point of the resin, the piezoelec 
tric constant becomes higher than 10-8 c. g. s. e. s. u. 
Furthermore, even if the heating temperature is com 
paratively low, a piezoelectric substance having a high 
piezoelectricity can be obtained by increasing the elec 
tric potential applied thereto. Such a piezoelectric 
polymer prepared from the non-oriented ?lm of the vi 
nylidene ?uoride resin does not have a particularly high 
piezoelectricity but has the advantage that the polymer 
is isotropic. 
On the other hand, although a piezoelectric polymer 

prepared from an oriented vinylidene fluoride resin 
?lm is anisotropic, the polymer can be provided with a 
quite high piezoelectricity. For example, by applying a 
high d.c. electric ?eld to an oriented ?lm of the vinyli 
dene ?uoride resin at temperatures of about 100°C, a 
piezoelectric polymer ?lm having a piezoelectric con 
stant of about 10“6 c. g. s. e. s. u. can be produced. Or 
dinarily, by applying a electric ?eld of more than 100 
kv/cm. at temperatures between 40°C. and 180°C, a 
practically applicable piezoelectric ?lm of the vinyli 
dene ?uoride resin can be prepared. Also, by using 
polymers other than the vinylidene ?uoride resin, such 
as a vinylidene chloride resin, a vinyl ?uoride resin, a 
vinyl chloride resin, etc., a piezoelectric polymer film 
showing a high stretching type piezoelectricity‘can be 
obtained and can be used in the electroacoustic trans 
ducer of this invention. 
Thin small massed piezoelectric polymer ?lms are 

preferable for use as a vibrator and a thin ?lm of 2p. to 
200p. in thickness is generally used. Furthermore, the 
gap between the piezoelectric vibrator and ?xed elec 
trode in this invention as well as condenser-type micro 
phones is usually in a range from 20p. to 3 cm. It may 
be designed by considering only an input voltage in the 
case of speakers, and by considering an input acoustic 
wave, amplitude of vibration ‘?lm, mass of vibrator, 
etc., for microphones. 
The electroacoustic transducer of this invention has 
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an excellent advantage in that the shape thereof may be 
desirably selected and further the acoustic characteris 
tics such as frequency characteristics. directivity, etc., 

6 
of the electroacoustic transducer can be improved 
quite easily. Furthermore, when such an electroacous 
tic transducer is utilized for headphones, speakers, etc., 
the thickness of the device can be greatly reduced. Fur 
ther, when it is utilized as headphones, the weight of 
the device can also be reduced. 
The equivalent circuits of the electroacoustic trans 

ducers shown in FIG. 4 and FIG. 5 are those shown in 
FIG. 6 and FlG. 7 respectively, that is, the circuit in 
which two or three capacitors have been connected in 
parallel. Because the deformation due to the electro 
static force is superposed by the deformation due to the 
piezoelectric effect, and because the capacitors are 
connected in parallel as stated above by referring to the 
equivalent circuit, the piezoelectric sensitivity of the 
transducer of this invention is considerably higher. 
Thus, it is possible to omit the transformer or reduce 
the winding ratio of the transformer, which makes it 
possible to minimize the size of the impedance trans 
ducer and to provide an electroacoustic transducer 
having a good S/N ratio at a low cost. Furthermore, be 
cause a transducer having a large electrostatic capacity 
is obtained, the in?uence of the distribution capacity of 
lead wires can be substantially reduced. 

Also, the sound output from the electroacoustic 
transducer of this invention is suf?cient for practical 
uses. Moreover, since the structure of the electroacous 
tic transducer of this invention is quite simple, the 
transducer can be produced easily and further the elec 
troacoustic transducer having excellent acoustic char 
acteristics can be produced with low cost. The electro 
acoustic transducers of this invention can be utilized 
for headphones, speakers, microphones, pickups, etc. 
Now, a practical embodiment of the electroacoustic 

transducer of this invention composed of a combina 
tion of a piezoelectric polyvinylidene ?uorde as the os 
cillator and an electret will be described in detail. 
For providing a piezoelectricity by the application of 

a dc. electric ?eld, as mentioned above, to a polyvinyl 
idene ?uoride resin showing stretching-type piezoelec 
tricity, the following is known. 
When the polyvinylidene ?uoride resin ?lm is ex 

panded, the surface of the piezoelectric polymer ?lm 
which had faced a positive electrode at the provision of 
the piezoelectricity is charged negatively. When the pi 
ezoelectric polymer ?lm is contracted, the surface 
thereof is charged positively. Conversely, when a nega 
tive potential is applied to the surface of the piezoelec 
tric polymer ?lm, the polymer ?lm contracts, while 
when a positive potential is applied, the polymer ?lm 
expands. 
Thus, in the principle of this invention, the electro 

acoustic transducer has a structure that the surface, of 
the polyvinylidene ?uoride resin ?lmwhich had faced 
a positive electrode at the application of d.c. electric 
?eld for providing the piezoelectricity to the polymer 
?lm, faces, as the oscillator, the surface of an electret 
having positive potential. 

Also, when the sign of the electric ?eld of the elec 
trode for applying a dc electric ?eld at the provision 
of piezoelectricity to the polymer ?lm is opposite to the 
sign of the charge on the surface of an electret facing 
the surface of the piezoelectric polymer ?lm which had 
faced to the electrode, the attractive force is replaced 
by a repulsive force, in the same manner as above. In 
this case the repulsive force superposes on the expand 
ing motion and also the attractive force superposes on 
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the contracting motion. Thus, in this case, also, a larger 
deformation of the oscillator is obtained with respect to 
the case of employing the piezoelectric element alone. 
An embodiment where the piezoelectric element is al 
ways exposed to the electric ?eld opposite to the elec 
tric ?eld applied at the provision of the piezoelectricity 
to the polymer film, is preferable when the oscillator 
takes a large displacement or a large bending move 
ment for, e.g., low frequency purposes, because the os 
cillator ?lm is not brought into contact with the elec 
trode even if the amplitude of the bending movement 
becomes larger; however, there is a fear that the inter 
nal polarization of the piezoelectric ?lm might be de 
stroyed to reduce the piezoelectricity. Therefore. in the 
case of using an electrode having a permanent polariza 
tion, such as an electret as the ?xed electrode, it is pref 
erable that the direction of the electric ?eld of the elec 
tret be same as the direction of the electric ?eld applied 
in the case of providing the piezoelectricity to the pi 
ezoelectric polymer ?lm. 
Now, the invention will be explained more practically 

by the following example. 

EXAMPLE 

The polymer ?lm for the piezoelectric element used __ 
in this example was prepared by extruding a powder of 
polyvinylidene ?uoride produced by suspension poly 
merization through an extruder into a ?lm of 100 mi 
crons in thickness and then stretching the ?lm by a fac 
tor of four at 100°C. to provide a polymer ?lm of 25 mi 
crons in thickness. 
After vacuum-depositing aluminum onto both sur 

faces of the polymer ?lm, the film was placed between 
two electrodes and one of the electrodes was, at the 
positive side, connected to a high voltage generator, 
while the other electrode was grounded. Thus. a dc. 
electric ?eld of 1000 kv/cm was applied to the elec 
trodes at a temperature of 90°C. and the polymer ?lm 
was cooled to room temperature in that condition to 
provide a piezoelectric ?lm to be used as the oscillator. 
A sheet ofa composition of 70% by weight polyvinyl 

idene ?uoride and 30% by weight polymethyl methacy 
late having a diameter of 10 cm and a thickness of 1.0 
mm. was placed between two electrodes and after ap 
plying a dc. electric field of 100 kv/cm. at a tempera 
ture of 90°C. for 30 minutes, the polymer sheet was 
cooled to room temperature in that condition to pro 
vide an electret showing an electric ?eld strength of 
3000 volts/cm, which was used as the ?xed electrode. 
By using the oscillator and the electret prepared 

above, a headphone was made as shown in FIG. 8 of the 
accompanying drawings. In the embodiment shown in 
FIG. 8, the electret 10, prepared as above. has a back 
aluminum plate 11 vacuum coated thereon and is dis 
posed as an oscillator facing the oscillator 12 prepared 
as above. The two elements are covered by protective 
plates 17 and 18, the protective plate 18 having perfo 
rations l9. The protective plates and the elements are 
separated from each other by means of annular spacers 
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8 
20, 21 and 22 and the oscillator 12 is supported by 
means of a packing 23. The interval between the oscil 
lator and the ?xed electrode is 1 mm. 
When the headphone thus prepared is connected to 

a headphone terminal of a commercially available re 
cord player ampli?er. suf?cient sound output is ob 
tained without a bias potential circuit or transformer. 

in addition, in an electret-type headphone in which 
a polyester ?lm having the same thickness of the piezo 
electric polyvinylidene ?uoride ?lm is used in place of 
the piezoelectric ?lm as the oscillator in the same struc 
ture as above, a suf?cient sound output cannot be ob 
tained without using a transformer or increasing the 
voltage of the input signal about 30 times by using a 
transformer for obtaining a suf?cient sound output. 
While the invention has been particularly shown and 

described with reference to the preferred embodiments 
thereof, it will be understood by those skilled in the art 
that various changes in form and details may be made 
therein without departing from the spirit and scope of 
the invention. 
We claim: 
1. An electrostatic type electroacoustic transducer 

comprising: 
a. oscillator means ?xed at two portions thereof and 

including a piezoelectric polymer sheet having 
stretching-type piezoelectric characteristics and 
electrodes on both surfaces of said polymer sheet; 

b. at least one ?xed electrode means facing said oscil-i ‘ 
lator means and spaced therefrom; and 

c. means for applying an alternating current electric 
input signal to both said oscillator and said elec 
trode means, said oscillator means and said ?xed 
electrode means being positioned such that. upon 
application of the input signal, the oscillating 
movement of said oscillator means is intensi?ed by 
the combination of: 
the bowing of said oscillator means between the 
two ?xed portions thereof, said bowing being 
caused by the piezoelectric effect of the piezo‘ 
electric polymer sheet; and the attractive and re 
pulsive forces between said oscillator means and 
said ?xed electrode means. 

2. The electrostatic type electroacoustic transducer 
as claimed in claim 1 wherein said piezoelectric poly 
mer sheet is a piezoelectric vinylidene ?uoride resin 
sheet. 

3. The electrostatic type electroacoustic transducer 
as claimed in claim 1 wherein said ?xed electrode 
means comprises an electret having a conductor back~ 
ing plate, 

4. The electrostatic type electroacoustic transducer 
as claimed in claim I wherein said ?xed electrode 
means comprises two ?xed electrodes. one on each side 
of said oscillator means whereby said ?xed electrode 
means exerts a push-pull effect on said oscillator 
mC'tIHS. 
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