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[57] ABSTRACT

A planar transducing element is supported within a
transducer housing by a pair of specially dimensioned
generally conical rubber washers. The first washer in-
cludes a first portion comprising a hollow frustum of a
cone for spacing the element from the side walis of the
housing, and a second generally conical portion inte-
gral with the first portion for seating the element and
spacing it from the housing bottom. The second washer
also includes a hollow frustum of a cone for spacing the
element from the top of the housing. The washer design
provides a relatively uniform support stiffness, inde-
pendent of washer compression, enabling mass produc-
tion of transducers having a desired frequency response
characteristic. Additionally, the washers serve to pre-
vent element damage due to shock and moisture con-
densation.

11 Claims, 7 Drawing Figures
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ELECTROACOUSTIC TRANSDUCER HAVING
IMPROVED TRANSDUCING ELEMENT
SUPPORTING MEANS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to electro-
acoustic transducers utilized to convert sound energy
into electrical energy, and vice versa, and, more partic-
ularly, to such transducers having an improved means
for supporting the transducing element within the
transducer housing.

2. Description of the Prior Art

While the carbon microphone has faithfully served
the electronics industry for many years, recent ad-
vances in technology call for a higher degree of stability
and a generally smaller size than is afforded by the car-
bon instrument. This is especially true in the telephone
art, where new compactness and efficiency in compo-
nents and circuitry, as well as more streamlined cus-
tomer equipment, necessitate a corresponding im-
provement in transducer design. An attractive substi-
tute for the carbon microphone is the piezoelectric ce-
ramic transducer, by virtue of its reduced volume re-
quirements and its low manufacturing costs. Besides its
use as a microphone, such a transducer may also be
employed as a receiver or speaker.

In order to make effective use of the piezoelectric ce-
ramic transudcer, or most other electromechanical
transducing devices, however, a number of design
problems must be overcome, outstanding among which
is the provision of a suitable means for supporting the
transducing element within the transducer housing.
Conventional element supports have typically included
a pair of gaskets, at least one of which is rubber, for
supporting opposite faces of the element, as illustrated
in U.S. Pat. No. 3,137,836, issued to C. P. Glover on
June 16, 1964. These gaskets, or O-rings as they are
sometimes called, are compressed against the periph-
ery of the faces, so that a pressure seal is provided, and
the element held in the desired position. Unfortunately,
the use of such a supporting means has several disad-
vantages. First, and most importantly, the stiffness of
the vibratory system is closely tied to the amount of
compression applied to the rings. As a result, small
changes in manufacturing tolerances or assembly tech-
niques produce varying amounts of compression,
which, in turn, may often adversely affect the trans-
ducer frequency response characteristics, or, at least
cause unwanted variations in such characteristics be-
tween individual transducers of the same lot. Second,
the use of such gaskets leads to the possiblity of cle-
ment damage due to overcompression cither in manu-
facture or assembly, or to fracture of the element if an
overly unyiclding system is dropped or subject to im-
pact. Additionally, simple O-rings do not provide a
convenient means for transversely seating the transduc-
ing clement in proper position during assembly, and if
insufficient compression force is applied, lateral move-
ment of the element and consequent misalignment may
result; if the transducing element is allowed to touch
the transducer housing, breakage is possible should the
assembly be dropped.

Accordingly, it is the broad object of the present in-
vention to provide an electroacoustic transducer pref-
erably of the piezoelectric ceramic type having an im-
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2

proved means for supporting the transducing clement
within the transducer housing. v

An additional object of the invention is to provide a
supporting means for an electromechanical transduc-
ing element wherein the stiffness of the vibratory sys-
tem is relatively uniform and independent of variations
in compression, so that a desired transducer frequency
response characteristic may be achieved despite nonu-
niformities inherent in mass manufacturing and assem-
bly techniques.

Additional objects of this invention include the provi-
sion of an improved transducing element supporting
means that facilitates transverse positioning of the ele-
ment within the transducer housing, and that at the
same time provides protection against element damage
due to impact and to moisture condensation.

SUMMARY OF THE INVENTION

Each of the foregoing and additional objects are
achieved in accordance with the principles of the in-
vention by the provision in an electroacoustic trans-
ducer of an improved means for supporting the trans-
ducing element within a housing which includes a pair
of specially dimensioned generally conical rubber
washers. Briefly, the first washer includes a first portion
comprising a hollow frustum of a cone for spacing the
element from the side walls of the housing, and a sec-
ond generally conical portion integral with the first for
seating the element and for spacing it from the housing
bottom. The second washer includes a hollow frustum
of a cone for spacing the element from the top of the
housing. The first portion is arranged to contact the
side walls in a plane substantially removed from the
plane of the transducing element.

By virtue of the advantageous provision of washers
having a general conical shape, the stiffness of the ele-
ment supporting system has been found to be substan-
tially independent of washer compression, thereby en-
abling the mass production of transducers having a uni-
formly desirable frequency response characteristic.
Furthermore, since contact between the housing side
walls and the first washer is confined to a plane sub-
stantially removed from the plane of the transducing
element, this necessary contact is prevented from add-
ing varying amounts of stiffness to the vibratory sup-
port system. In addition, the aforesaid first portion of
the first washer acts as a “bumper” in preventing ele-
ment damage due to impact. Since a seating surface is
also provided by the first washer, location of the cle-
ment within the housing during transducer assembly is
facilitated, and the element is constrained from lateral
movement. Also, the washers provide a rubber seal on
both sides of the element, protecting it from moisture
condensation which could otherwise shunt the element
as a leakage resistance.

BRIEF DESCRIPTION OF THE DRAWING

The aforementioned and other features and advan-
tages of the invention will become more apparent to
those skilled in the art by reference to the following de-
tailed description, when read in light of the accompa-
nying drawing, in which:

FIG. 1 is a central cross-sectional view of an electro-
acoustic transducer constructed in accordance with the
principles of the invention;
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FIG. 2 is a fragmentary cross-sectional view of a pi-
ezoelectric ceramic transducing element for use in the
transducer of FIG. 1;

FIG. 3 is a graph comparing the frequency response
characteristic of a piezoelectric ceramic transducer
constructed in accordance with FIG. 1 with an ideal-
ized characteristic curve for a microphone suitable for
use in telephony;

FIG. 4 is a graph representing the stiffness vs. com-
pression characteristics of various transducing element
supporting structures, including the specially dimen-
sioned washers of FIG. 1;

FIG. 5§ is a fragmentary view, in cross section, of an
alternate support system, in accordance with the inven-
tion, for use in the transducer of FIG. 1;

FIG. 6 is a fragmentary view, in cross section, of an-
other alternate support system similar to that of FIG. §;
and '

FIG. 7 is still another cross-sectional fragmentary
view similar to FIGS. 5 and 6.

Referring now to FIG. 1, there is shown in central
c¢ross-sectional view an electroacoustic transducer con-
structed in accordance with the principles of the inven-
tion. The transducer comprises a housing, designated
generally at 10, defining an internal chamber 11, and
a planar electromechanical transducing element 12
within the chamber. Means for supporting the element
12 within the chamber 11 include first and second an-
nular washers 13 and 14, respectively.

Structurally, transudcing element 12 if of the piezo-
-electric ceramic type, may include a pair of oppositely
poled lead zirconate-lead titanate discs 12a, 12b,
bonded together to form a composite element, as
shown in FIG. 2. While the discs may be formed in vari-
ous ways, one method found advantageous is to sinter
a niobium-doped compound of iead zirconate and lead
titanate having a tetragonal crystal structure in a lead
oxide atmosphere at a temperature below the com-
pound melting point, resulting in a rather dense body.
After cooling, electrodes such as electrodes 12¢ and
124 on disc 124 and electrodes 12¢ and 12f on disc 12b,
shown in FIG. 2 greatly exaggerated in thickness for the
puroses of illustration may be applied to each face of
the ceramic material, and poling accomplished in ei-
ther bulk or final form by applying a DC voltage of
50v/mil at a temperature of 130° C. in a silicone oil
bath or an atmosphere of inert gas, in order to avoid
arcing. The resulting element, which is quite stable
thermally and has excellent aging properties, has a rela-
tively high piezoelectric coupling coefficient and di-
electric constant. Of course, other polarizable ferro-
electric ceramic materials, for example, barium tita-
nate, and other forming techniques, may also be prac-
ticed with equal success.

Functionally, the processed ceramic, heretofore de-
scribed, will generate a voltage proportional to the dy-
namic compression or expansion forces applied
thereto. However, for the bending mode utilized in the
transducer of FIG. 1, the compressive and expansive
stresses created on cither side of a central neutral axis
in a single ceramic disc are opposite in sense, produc-
ing equal but opposite voltages within the ceramic, and
therefore zero output. Accordingly, two oppositely
poled discs 12a, 12b are bonded together to obtain bi-
laminar transducer element 12, thereby locating each
ceramic outside of the neutral bending plane. When
connected in series, the clements thus produce an out-
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put voltage equal to the sum of their individual volt-
ages.

While various methods may be utilized to bond the
ceramic discs into the bilaminar element of FIG. 2, it
is to be noted that for proper generator action, the two
discs should be securely and rigidly fastened together,
so that the resulting element possesses sufficient char-
acteristics of structural strength, impedance and output
uniformity. One such method that has proven success-
ful is to deposit a very thin coating of 2 nonconducting
cement or epoxy on one electroded face of each disc
12a and 12, to then bring the coated faces into align-
ment and to apply pressure to the assembled element
12 so that a metal-to-metai contact between inner elec-
trodes 12d and 12e¢ through the intervening cement is
assured. With this arrangement, the output and imped-
ance uniformities of the assembled element are satis-
factory, as is its physical strength. In addition, the use
of electrically conducting cement, which sometimes re-
sults in an undesirably stiff element, is avoided.

As an alternative to the bilaminar transducing ele-
ment 12 of FIG. 2, it may in certain instances be advan-
tageous to employ a metal-ceramic element. In this
construction, a single ceramic body, electroded on
both faces, is bonded onto a larger metal plate. The
thickness, density and modulus of elasticity of the
metal plate are chosen so that the neutral bending
plane of the composite transducing element is located
at the metal-ceramic interface, thus producing a uniax-
ial stress within the ceramic body. In this configuration,
the metal plate is circumferentially edge clamped
within the transducer housing, as is discussed more
fully hereinafter. In certain cases, it may be advanta-
geous to utilize a square or rectangular shaped ceramic
bonded to a circular plate.

The overall electrical response characteristics of the
transducer of FIG. 1 depend on both the geometry of
the housing 10 and the means utilized to support the
transducing element 12 within the chamber 11 formed
thereby. The general shape of a desirable frequency re-
sponse curve of a microphone for use in a telephone
system is shown as curve 30 in FIG. 3, although it is to
be clearly understood, especially by those skilled in the
art, that other characteristics can similarly be achieved
by modifications intended to be within the scope of this
invention. The low frequency end of curve 30 is rela-
tively easy to obtain, in the case of a piezoelectric ce-
ramic transducer, when it is realized that the ceramic
element 12 largely represents a capacitance. Accord-
ingly, by approximately choosing the value of resis-
tance connected across the element, as, for example,
the input resistance of a preamplifier stage following
the transducer, the corresponding low frequency roll
off may be appropriately located at about 150 Hz. The
peak at the high frequency end (about 3.3 KHz) is ob-
tained by locating the first natural resonance of trans-
ducing element 12 in this vicinity, as will be explained
in more detail hereinafter. However, the resonance
thus produced is quite sharp (as much as 35 db) and in-
cludes higher frequency overtones, ail of which must be
suppressed in order to obtain satisfactory performance.
This suppression is provided by the design of housing
10, which, as depicted in FIG. 1, includes a cup-shaped
body member 15 and a disc-like frontal plate 16, both
of which may be fabricated from a plastic material pos-
sessing suitable qualities of heat and moisture resis-
tance. Frontal plate 16 has centraily drilled there-
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through a port or center hole, such as port 17, which
is covered by an acoustic damping member 18 either
fastened across the hole atop the plate 16 or nested and
fastened within a centrally bored recess 19 provided in
plate 16, as shown in FIG. 1. Port 17 serves as a low-
pass filter, and when suitably dimensioned, selectively
suppresses the high frequency overtones noted above.
The acoustic resistance or damping member 18, which
may conveniently be fabricated from porous sintered
steel, helps to reduce the primary resonance to an ac-
ceptable level. In assembled form, frontal plate 16 and
body member 15 are encased by a thin metal shell 20
having a generally U-shaped cross section. A coned
metal spring washer 21 may be used to supply the pres-
sure necessary to ensure positive contact between
member 15 and plate 16 and to hold the unit in proper
alignment.

As stated above, the proper design of means to sup-
port transducing element 12 within chamber 11 of
housing 10 is extremely critical to the attainment of the
desired transducer frequency response characteristic.
Functionally, the means chosen, in order to be effec-
tive, must provide a first natural resonance of the
mounted element at a desired frequency, and in addi-
tion provide a semirigid clamping action around the el-
ement periphery that serves to minimize planar or pis-
ton-like motion of the element while allowing a cup-
ping or spherical bending action in the element, the lat-
ter being the only source of electrical output. Practi-
cally, the supporting means must be capable of provid-
1ing a desired system stiffness that is relatively indepen-
dent of supporting means compression, since minor
variations in the internal dimensions of chamber 11 and
the thickness of washers 13 and 14 are to be expected
in the production and assembly of a large number of
units. In addition, it is desirable that the supporting
means provide a surface on which element 12 can be
easily seated during manufacture, and at the same time
provide protection against transducer damage caused
by shock and mositure.

In accordance with the principles of the instant in-
vention, means for supporting element 12 within cham-
ber 11 of housing 10 that meet the above requirements
include a pair of specially dimensioned conical rubber
washers 13 and 14 as depicted in FIG. 1. The first
washer 13 includes a first portion 132 comprising a hol-
low frustum of a cone for spacing element 12 from the
side walls 22 of chamber 11 and a second generally
conical portion 13b integral with the first portion for
seating the element and spacing it from the chamber
bottom 23. The first portion is advantageously ar-
ranged to contact side walls 22 in a plane substantially
removed from the plane of element 12. The second
washer 14 also includes a hollow frustum of a cone hav-
ing a base parallel with the plane of transducing cle-
ment 12 for spacing that clement from the top 24 of
chamber 11. The slopes of second portion 13b and
washer 14 are preferably adjusted to form angles 6, and
8,, respectively, of approximately 25° with the vertical,
as defined by the side wall 22.

During assembly, the smaller diameter face of washer
‘13 is seated upon the inner face of cup-shaped body
member 15 which forms the bottom wall 23 of chamber
11. One end of a first strip 25 of gold plated copper foil
or other coneucting material is then attached to an
clectrically conductive terminal rivet 26 cxtending
through the bottom portion of cup-shaped housing
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member 15, and the other end thereof placed on the
seating surface of the second portion 135 of washer 13.
Transducing element 12 is next seated on washer 13 so
that a portion of electrode 12fis brought into electrical
contact with strip 25. One end of a second conductive
strip 27, similar to strip 25, is then placed in contact
with a portion of the outer periphery of electrode 12c,
the remaining end having been previously extended
through a slit in the first portion 13a of washer 13, and
connected to a terminal rivet 28 similar to terminal
rivet 26, but electrically isolated therefrom. The larger
diameter face of washer 14 is next seated on the upper
face of transducing element 12, so that strip 27 is held
in close electrical contact with electrode 12¢. To com-
plete assembly, frontal plate 16 is next aligned with
body member 15, and spring washer 21 is placed there-
upon. Finally, the entire transudcer is clamped together
by appropriately bending shell 20, as shown in FIG. 1.
Electrical connection between the transducer and an
external load or source is accomplished by appropri-
ately connecting leads to the external portions of termi-
nals 26 and 28.

In the event that a metal-ceramic transducing ele-
ment is utilized in licu of the bilaminar transducing ele-
ment 12 of FIG. 2, the metal plate, which is in electrical
contact with the lower electroded face of the ceramic
disc, is seated on the surface provided by the second
portion 13b of washer 13 in much the same way as pre-
viously described, thereby providing electrical continu-
ity between that electrode and strip 25. However, since
the larger diameter face of washer 14, when properly
positioned, contacts only the upper periphery of the
metal plate and not the upper electroded face of the ce-
ramic element, strip 27 must be suitably extended to
make electrical contact with the upper electrode and
fastened thereto, and in addition, must be suitably insu-
lated from electrical contact with the plate. Various
means for attaching strip 27 to the upper electrode and
for insulating it from the plate will be readily apparent
to those skilled in the art, and need not be further ex-
plained.

From the above description of the transducer of FIG.
1 and its construction technique, it can be seen that
rapid and virtually foolproof mass assembly of the in-
strument is enabled by the unique design of washers 13
and 14. Furthermore, it should be readily apparent that
mositure entering the transducer via port 17, or other-
wise, is prevented from shunting the edges of transudc-
ing element 12 by virtue of the complete rubber seal
around the periphery thereof provided by washer 14.
Additionally, the first portion 13a of washer 13 advan-
tageously serves as a rubber “‘bumper,” preventing cle-
ment damage due to impact on the side of housing 10,
while both washers 13 and 14 generally prevent injury
caused by mechanical shock.

Other advantages of the means utilized to support
transducing element 12 within chamber 11 will be
more readily apparent by reference to FIG. 4, which
depicts the stiffness vs. compression characteristics of
washers 13 and 14 as well as conventional O-rings. As
can be seen therefrom, curve 35, which represents the
stiffness vs. compression of commercial O-rings fabri-

_cated from a standard rubber composition, indicates a

marked and undesirable change in stiffness with differ-
ing degrees of compression. If a special rubber compo-
sition is employed, to be discussed more fully hereinaf-
ter, the slope of the compression-stiffness curve 36 is
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somewhat reduced, but is still not uniform. However,
the specially shaped rings of FIG. 1, in accordance with
the invention, when fabricated from the aforesaid rub-
ber composition and designed so that frustum angles 6,
and 0, are approximately 25° to the vertical, exhibit a
nearby uniform compression-stiffness characteristic, as
is evidenced by curves 37 and 38, which correspond to
rings 13 and 14, respectively. As a result of the inde-
pendence of stiffness with compression of washers 13

and 14, manufacturing and assembly tolerances on the
infier dimensions of chamber 11 and the height of
washers 13 and 14 can be wide enough to allow ring
compression of between approximately 2 and 11 mils,
without materially affecting transducer performance.
The frequency response characteristics of a transducer
as shown in FIG. 1, adjusted to curve 30 of FIG. 3 at
1 KHz, is shown as curve 31. The correspondence be-
tween the desired and actual curves can be seen to be
quite good.

Returning to FIG. 4, it is to be noted that while the
use of a special rubber formulation aids in achieving a
desired flatness in the compression—stiffness curve, the
unique shape of the washers, as previously described,
is the sine qua non to proper transducer performance.
In certain instances, it may even be possible to fabri-
cate washers 13 and 14 from a soft plastic material.
However, for the sake of completeness, the rubber
composition found to be suitable for fabrication of
washers 13 and 14 is essentially constituted of the fol-
lowing ingredients, the amounts of each being given in
‘parts per hundred of rubber, by weight:

INGREDIENT -PPHR
Cis-1,4 - Polybutadiene 50.0
75/25 Copolymer of 68.75

polybutadiene and styrene

(37.5% oil extended)
Semireinforcing furnace black 80.0
Zinc Oxide 5.0
Phenyl-beta-napthylamine 1.0
Steanc Acid 1.0
Parafin Wax 3.0
Naphthenic Process il 18.75
N-isopropyl-N’-phenyl-p- 0.50

phenylene diamine
N-cyclohexyl»l-bcnzothiazole- 0.2
sulfenamide
Sulfur 2.25

REferring now to FIGS. 5, 6 and 7, there are shown
in fragmentary cross-sectional view several alternate
designs which may be used in lieu of washer 13 of FIG.
1, each of which possesses the previously described ad-
vantages inherent in the design of that washer. As can
be seen therefrom, each of the washers includes a first
portion comprising a hollow frustum of a cone for spac-
ing the transducing element 12 from the inner side
walls 22 of housing 10, and a second generally conical
portion integral with the first portion for seating the el-
ement and spacing it from the bottom 23 of chamber
i1. In the embodiment of FIG. 5 the conical taper of
the second portion is reversed with respect to that
shown in FIG. 1, so that the greater diameter face of
the first portion of the washer abuts with the bottom 23
of chamber 11. In the embodiment of FIG. 6, the junc-
tion between the first and second portions shown in
FIG. § is removed to a point somewhat below the seat-
ing surface of the second portion, so that a portion of
the periphery of transducing element 12 may overhang
the seating surface. In this configuration, clamping of
the transducing element at the nodal circlec may be pos-
sible, depending upon clement geometry, further cn-
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hancing transducer performance. In the embodiment of
FIG. 7, the first and second portions are jointed at the
bottommost ends of both portions, again enabling
transducing element overhang and nodal circle clamp-
ing.

Also illustrated in FIG. 6 is a second washer §0 com-
prising a hollow frustum of a cone for spacing transduc-
ing element 12 from the top 24 of chamber 11. While
washer 50 may be physically identical to washer 14 of
FIG. 1, it is to be observed that, uniike washer 14, its
larger diameter face abuts with the top face of element
12. This arrangement may, on occasion, be desirable,
and can be utilized in conjunction with any of the previ-
ously described supporting means arrangements with
equal success.

In order to more fully appreciate the degree of com-
pactness of a transducer of the type depicted in FIG. 1,
the following typical dimensions are given by way of il-
lustration only, the instant invention not being limited

to the sizes stated:

Outside diameter of housing 10 (1.822 inches
Thickness of housing 10 0.302 inches
Diameter of transducing element 12 0.59 inches

Thickness of transducing element 12 0.012 inches

Many modifications and adaptations of this invention
will readily become apparent to persons skilled in the
art. For this reason, it is intended that the invention be
limited only by the appended claims. For example, it
should be apparent that the heretofore described elec-
troacoustic transducer may function equally well as a
receiver for converting electrical energy into sound en-
ergy, or as a microphone. Additionaily, the means em-
ployed for supporting transducing element 12 may, on
occasion, be useful in an instrument wherein said ele-
ment is of an electromechanical transducer type other
than a piezoelectric ceramic. Still further, while the
shape of the transducing element has heretofore been
described as round, or disc like, it should be clearly un-
derstood that appropriate modifications to the periph-
eral shape of the transducer and/or its internal compo-
nents may sometimes be required.

What is claimed is:

1. An electroacoustic transducer for converting
sound energy into electrical energy and vice versa,
comprising

a planar electromechanical transducing element op-
erating in the audio frequency range,

a housing defining a chamber for containing said ele-
ment, said chamber having a bottom, a top, and a
side wall, and :

means for peripherally supporting said eclement
within said chamber and for damping the vibratory
motion of said transducing element, said support-
ing means including,

a first annular member having a first portion compris-
ing a hollow frustum of a cone for spacing said cle-
ment from said side wall and a second generally
conical portion integral with said first portion for
seating said element and for spacing said element
from said bottom, and

a second annular member comprising a hollow frus-
tum of a cone for spacing said element from said
top.

2. The einvention defined in claim 1 wherein said

transducing element includes a polarizable ferroelec-
tric ceramic material.

-
L
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3. The invention defined in claim 2 wherein said ce-
ramic material is selected from the group consisting of
barium titanate and lead zirconate-lead titanate.

4. The invention defined in claim 1 wherein said sec-
ond generally conical portion forms an angle of approx-
imately 25° with said side wall, and said second annular
member forms an angle of approximately 25° with said
side wall.

5. The invention defined in claim 1 wherein said first
and second annular members are rubber.

6. The invention defined in claim 1 wherein said
transducing element includes,

a first piezoelectric ceramic disc having a pair of

electrodes on each face thereof,

a second piezoelectric ceramic disc having a pair of
electrodes on each face thereof bonded to said first
disc, and

a layer of electrically nonconducting cement inter-
vening between said discs.

7. The invention defined in claim 1 wherein said

transducing element includes,

a piezoelectric ceramic body having a pair of elec-
trodes on each face thereof, and
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a larger metal plate bonded to said body.

8. The invention defined in claim 7 wherein said ce-
ramic body is rectangular and said metal plate is round.

9. An electroacoustic transducer comprising:

a planar piezoelectric ceramic transducing element,

a housing defining a chamber having a top, a bottom
and side walls for containing said element, and

means for peripherally supporting said element
within said chamber and for damping the vibratory
motion of said transducing element, said support-
ing means including,

a first annular member comprising a frustum of a
cone for spacing said element from said bottom,
and

a second annular member comprising a frustum of a
cone for spacing said element from said top.

10. The invention defined in claim 9 wherein said
first and second members form an angle of approxi-
mately 25° with said side walls.

11. The invention defined in claim 9 wherein said
first annular member further includes means for spac-

ing said element from said side walls.
* * * * *



