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[57] ABSTRACT

A method of permanently polarizing a vibratile film of
an electrostatic transducer wherein an unpolarized
film having a vibratile electrode on one side is dis-
posed in a housing opposite a stationary electrode. A
saturation polarizing voltage is applied across the vi-
bratile and stationary electrodes to cause a ferroelec-
tric phenomenon due to absorbed surface charges to
occur in the vibratile film thereby permanently polar-
izing the vibratile film.

3 Claims, 3 Drawing Figures
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1
ELECTROSTATIC TRANSDUCER

This is a continuation of application Ser. No. 95,856,
filed Dec. 7, 1970.

This invention relates to electrostatic type transduc-
ers and particularly to a method of polarizing vibratile
films of electrostatic type transducers, the vibratile
films being permanently polarized after assembly into
housings of the transducers.

The electrostatic type speaker, which is a typical ex-
ample of the electrostatic type transducer, is usually of
a construction as shown in FIG. 1 of the accompanying
drawing. It comprises a vibratile film 1 of a dielectric
material, a vibratile electrode 2 formed by depositing
or applying a thin film of such material as aluminum
and silver on one surface of the dielectric film 1 and vi-
brating therewith, and a stationary electrode 3 of a
punched or perforate metal plate extending parallel to
the vibratile film 1 to form a capacitor therewith. The
stationary electrode 3 and vibrating film 1 are spaced
apart a certain distance conforming to the required
acoustic characteristics of the speaker by a spacer 5 de-
fining an air layer 6 between them.

In the speaker of the above construction, when a-c
signal e is superimposed upon a high d-c bias voltage E,
between both the electrodes 2 and 3, the vibratile film
1 is vibrated to produce sound pressure.

Since the prior-art transducer of the above type re-
quires a high d-c bias voltage E, for its operation, the
speaker unit should include a high voltage generator
and an amplifier as well as requiring a signal input ter-
minal and a bias voltage terminal, which imposes re-
striction on the speaker design and leads to increased
manufacturing cost. Besides, the high d-c bias voltage
will cause ionization of the air layer between the elec-
trodes, thus rendering the speaker sensitivity unstable
resulting in various practical problems. Further, the use
of high d-c voltage is quite hazardous to the user.

To overcome the above drawbacks inhérent in the
electrostatic type transducer requiring a high d-c bias
voltage, it has been proposed to use the “Electret” film
of a plastic material, which is pre-polarized and carries
a permanent electostatic charge, as the vibratile film of
the transducer. To pre-polarize the plastic film, how-
ever, it is usually necessary to heat the film by placing
it in a strong d-c electric field up to its softening point,
maintaining it at this temperature for a certain period
of time and then cooling it down to room temperature
in a certain period of time, thereby to freeze or thermo-
set its polarization. However, this requires not only spe-
cial equipment but also complicated manufacturing
steps, and a long time (1 to 0.5 hours) so that the pro-
ductivity is inferior and the manufacturing cost is high.

Accordingly, an object of the invention is to provide
an electrostatic type transducer, which is free from the
drawbacks inherent in the conventional transducers of
these types and can be readily manufactured.

Another object of the invention is to provide an elec-
tro-static transducer for use in speakers, microphones,
pickups and the like, which uses a vibratile film of a dj-
electric material such as a plastic film capable of
readily undergoing permanent polarization by the
forced induction and charge attraction phenomena
therein and does not require any d-c bias voltage for
operation.

According to the invention, a permanent electro-
static charge can be built up on the vibratile film by ap-
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2

plying a saturation polarizing voltage thereto for sev-
eral seconds, so that it is possible to manufacture an
electrostatic transducer without requiring any d-c bias
voltage for its operation. Thus, it is possible to provide
an electrostatic transducer requiring no high voltage
generator nor any bias voltage terminal. Also, the ioni-
zation of the air layer between the electrodes can be
eliminated to greatly improve the sensitivity and other
characteristics of the transducer.

Further, the saturation polarizing voltage may be ap-
plied after the vibrating film is assembled into a housing
of the transducer such as a speaker, microphone and
the like. By so doing, the initially built-up charge may
be prevented from being otherwise neutralized during
the assemblage.

The above and other objects, features and advan-
tages of the invention will become more apparent from
the following description with reference to the accom-
panying drawing, in which;

FIG. 1 is a schematic representation of a prior-art
electrostatic transducer;

FIG. 2 is a schematic representation of the principles
underlying the invention; and

FIG. 3 is a graph representing a hysteresis character-
istic showing the relationship between the polarizing
voltage E, applied on the vibrating film and the residual
sound pressure after the removal of the polarizing volt-
age E,, which is obtained when the vibratile film ac-
cording to the invention is applied to a speaker.

Aluminum was deposited on one surface of an unpo-
larized film of polyethylene terephthalate known com-
mercially by the trademark *“Tetron™ and assembled, as
a vibratile film, into a housing of an electrostatic
speaker, opposite to a stationary electrode and spaced
therefrom so as to define an air layer. It was found that
a capacitor consisting of the deposited aluminum layer,
Tetron film, air layer and the stationary electrode ex-
hibits a hysteresis phenomenon due to absorbed sur-
face charges. This phenomenon is thought to corre-
spond to a ferroelectric phenomenon of a ferroelectric
substance and is called a hysteresis of the condenser
speaker with absorbed surface charges.

Referring now to FIG. 2, which shows the principles
underlying the invention, reference numeral 7 desig-
nates a vibratile dielectric thin film made of such plas-
tic material as “Tetron” and “Mylar” trademarks for
polyethylene terephthalate, polymide or a fluorine
compound resin, for instance ethylene tetrafluoride or
polyvinylidene fluoride, capable of readily undergoing
permanent polarization. It should be noted that the vi-
bratile film initially undergoes no polarization. The vi-
bratile film is provided on one side with a vibratile elec-
trode 8 as in the conventional transducer. It faces a sta-
tionary electrode 9 formed with a plurality of small
pores 10. The stationary electrode 9 and the vibrating
film 7 define an air layer 11 therebetween. Thus, a ca-
pacitor consisting of the electrodes 8 and 9 in between
which the vibratile film 7 and the air layer 11 are sand-
wiched is formed.

With the above construction, a saturation polarizing
voltage E, is applied between the electrodes 8 and 9
such that the residual charge on the vibratile film 7 is
maximum, thereby causing the ferroelectric phenome-
non in the vibratile film 7 due to absorbed surface
charges and thereby polarizing permanently the vibra-
tile film 7. The direction of polarization when the po-
larizing voltage E, is applied between the electrodes 8
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and 9 is shown in FIG. 2. Even when the polarizing volt-
age E, is removed, the vibratile film 7 still remains po-
larized. This is thought to be due to spontaneous polar-
ization for permanent superficial charge attraction.
That is, spontaneous polarization is induced in the vi-
bratile film 7 and permanent superficial charge attrac-
tion consequently occurs in opposite surfaces of the vi-
bratile film 7. :

FIG. 3 shows a hysteresis of the output residual sound
pressure p, which is obtained by using a “Tetron” film
15 microns thick as the vibratile film 7 and applying
input signal e after the application of polarizing voltage
E, for several seconds without heating the vibratile film
7.
If the plastic film is absolutely non-polarized, the
sound pressure would follow the dashed plot in FIG. 3.
Actually, the plastic film usually bears a slight negative
charge. Due to the natural charging of the film and the
application of the polarizing voltage, the output sound
pressure will start to follow segment 1 of the plot and
then follow through segments 2, 3, 4, 5 and 6 of the
hysteresis curve in the mentioned order back to seg-
ment 2 as the polarizing voltage on the non-polarized
film is increased in small steps to a positive maximum,
then reduced to a negative maximum and back to the
positive maximum.

When the transducer according to the invention is
applied to a speaker, the saturation polarizing voltage
E,’, which may be applied for several seconds, is deter-
mined by the speaker construction, the thickness of the
air layer 11 and the material of the vibratile film 7.
After removal of the saturation polarizing voltage a re-
sidual sound pressure of about 98 db may be obtained,
so that the bias voltage becomes unnecessary.
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What is claimed is: '

1. A method of polarizing a vibratile film of an elec-
trostatic transducer, the vibratile film being perma-
nently polarized after assembly into a housing of the
transducer, comprising the steps of:

preparing -an unpolarized vibratile film of a plastic

material capable of readily undergoing permanent
polarization,

depositing a vibratile electrode of metal on one sur-

face of said vibratile film, said vibratile electrode
being vibratile with said vibratile film,

assembling into a housing of the transducer said vi-

bratile film on which said vibratile electrode is de-
posited,

disposing in said housing a stationary electrode of

metal opposite to said vibratile film and spaced
therefrom so as to define an air layer, and

then applying across said vibratile and stationary

electrodes a saturation polarizing voltage without
heating said vibratile film, said saturation polariz-
ing voltage causing ferroelectric phenomena in said
vibratile film due to absorbed surface changes to
maximize the residual charge on said vibratile film
after the removal of said saturation polarizing volt-
age, thereby polarizing permanently said vibratile
film.

2. A method according to claim 1, wherein the plastic
material is selected from a group consisting of polyeth-
ylene terephthalate, a polyimide resin and fluorine
compound resin.

3. A method according to claim 1, wherein the satu-

ratjon polarizing voltage is applied for several seconds.
* * ok - 0% *



