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PRISTRESSED PIEZOELEC‘I'IIIC AUDIO TRANSDUCER 

BACKGROUND OF THE INVENTION 

In the use of a piezoelectric transducer as the driving ele 
ment for an air-loaded diaphragm. it generally is the practice 
to utilize a separate diaphragm driven by the piezoelectric ele 
ment. To achieve maximum mechanical movement with a 
predetermined electrical signal. Bimorph multilayer 
piezoelectric polycrystalline ceramics operating in a bender 
mode generally are employed to drive the diaphragm. It is 
desirable to directly use the mechanical movement of the 
piezoelectric transducer as a diaphragm. but this has not 
proved feasible for coupling acoustic signals to air since con 
ventional piezoelectric Bimorph crystals cannot be made thin 
enough to provide the proper impedance matching with air 
loading. 

suitsrARYoF rm: mvr-zrmon 
Accordingly it'is an object of this invention to provide an 

improved piezoelectric transducer device. I 
It is another object of this invention to provide a piezoelec 

tric transducer which also operates directly as a diaphragm 
coupled to air. ~ 

It is an additional object‘of this invention to use a thin 
preatressed slab of piezoelectric material as a combination 
electrical to mechanical transducer and diaphragm operable 
at audio frequencies and coupled to air. 

In accordance with a preferred embodiment of this inven 
tion a single thin slab of piezoelectric material. capable of 
operating in an expander mode. is placed under stress and 
polarized. The slab is clamped in the stressed con?guration by 
attaching it in an opening in a frame corresponding to the 
shape of the slab. and electrodes are placed on the opposite 
major surfaces of the slab for the application of electrical im 
pulses to and the obtaining of electrical signals from the slab. 
The frame is relatively rigid in the plane of the opening but is 
capable of torsional movement about an axis in the fram 
parallel to the plane of the opening. _ . 

' BRIEF DESCRIPTION OF THE DRAWING 

FIG. I is a drawing illustrating the method of making a 
piezoelectric transducer/diaphragm in accordance with a 
preferred embodiment of this invention; " ' 

FIG. 2 is a perspective view of the completed diaphragm 
made in accordance with FIG. I; - 

FIGS. 3 and 4 are partially cutaway side views illustrating 
operation of the piezoelectric transducer/diaphragm made in 
accordance with the method illustrated in FIG. I; 

FIG. 5 is a top view of the diaphragm shown in FIGS. 2. 3 
and 4 used to explain the operation of the diaphragm; 

FIG. 6 is a partially cutaway side view of a device useful in 
explaining the operation of the diaphragm; 

FIG. 7 shows typical response curves used to determine the 
proper parameters of the transducer/diaphragm‘, and 

FIG. 8 is a detailed partial sectional view of another em 
bodiment of the invention. 

DETAILED DESCRIPTION 

Referring now to FIG. I. there is illustrated, in partially cu 
tawny side _view. a method for making a combination 
piezoelectric transducer/diaphragm. A circular piezoelectric 
disc 10 made of a suitable polycrystalline material. such as 
barium titanate. is coated with conductive layers on both of 
the major surfaces to form electrodes II and I2. which may 
be applied to the disc or slab I0 in any suitable manner. such 
as by plating. sputtering or painting. The diameter of the disc 
10 is substantially greater than the thickness of the disc, 
although in FIG. I. the relative dimensions have been exag 
gerated in order to show more clearly the elements of the 
transducer. _ 

The disc III with the electrode coatings II and 12 then is 
placed in a groove in a ring I3 preferably made out of material 
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having a high Young's modulus of elasticity. The groove or cu 
taway portion of the ring is de?ned by a vertical surface I4 
and a lower surface IS. with the disc l0 resting on the lower 
surface I5 and being distorted by the application of a weight 
indicated by the arrow applied approximately at the center of 
the disc. This causes the disc to assume the dish-shaped con 
?guration shown in FIG. I and to rest on the lower surfaces 
15. with the edge of the disc It) being within the con?nes of 
the diameter across the ring I3 between the surfaces I4. . 
When the disc I0 is in the position shown in FIG. I. with the 

weight applied to its center. a DC polarizing potentialmay be 
applied to the electrodes II and I2. causing a unidirectional 
(DC) electrical ?eld to be established between the electrodes - ' 
II and I2 and. therefore. through the ceramic disc 10. This 
DC ?eld should be sufficiently high to cause a polarization of 
the ceramic disc 10 to be effected. If the deforming pressure 
and the electrical ?eld is applied at normal room temperature. 
it generally is necessary to use a relatively high potential and 
to maintain the deformation and potential for several hours. 
Alternatively. heat may be applied to the disc to raise its tem 
perature above the Curie point before the DC potential is ap 
plied. and then the heat is removed, permitting the disc to cool 
through the Curie point. while the pressure and electrical ?eld 
are maintained. If polarization of the ceramic disc I0 is ac 
complished by this latter method. a lower polarizing electrical 
?eld and a shorter time length generally can be employed. 
While the disc I0 is distorted by the weight and has the elec 

trical ?eld applied to it, the edges of the disc III are cemented 
by a suitable cement. such as an epoxy cement. into the 
groove formed by the surfaces I4 and IS on the metallic ring 
I3; and the epoxy cement is allowed to set. After the epoxy‘ 
has set. the weight and DC polarizing ?eld are removed. The 
epoxy forms a rigid bond between the edge of the disc I0 and 
the ring. so that the disc is held in the distorted dish-shaped 
con?guration which it attained under the action of the weight 
applied to it. The resultant transducer/diaphragm is shown in 
FIG. 2. . 

The piezoelectric diaphragm assembly shown in FIGS. I 
and 2 may be coupled directly to air; because the single layer 

I polycrystalline ceramic piezoelectric‘ disc I0 may be made 
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thin enough. thereby having a low enough impedance. to pro 
vide a sufficient impedance match to air that audio frequency 
vibrations may be directly coupled to and from the disc using 
ampli?ers of the type normally employed in small radios. 
telephones and the like. 

' Before entering into a discussion of the operation of the 
transducer/diaphragm assembly shown in FIGS. I and 2. refer 
to FIG. 6 which illustrates an idealized con?guration of the-as 
sembly useful in explaining the principles of operation of the 
device. The device shown in FIG. 6 is substantially the sameas 
the device shown in FIGS. I and 2. but employs a different 
ring con?guration in the form of a ring 23. having a cross-sec 
tional con?guration such that the inner surface of the ring 
forms a circular ltnife edge which is clearly shown in the cross 
sectional view of FIG. 6. The piezoelectric slab or disc I0 then 
is prestressed into a dished con?guration and is wedged into 
the opening in the ring 23. with the knife edge engaging .the 
edge of the disc 10 substantially at the midpoint of the 
thickness of the disc all around its circumference. As a remit. 
the disc I0 is constrained against movement along any diame 
ter because of the rigid nature of the material of the ring‘i?. 
The application of an alternating current from a current 

generator 20 causes an alternating ?eld to be applied across ' 
the disc III by means of the electrodes II and I2. In the 
presence of an alternating ?eld. the disc alternately expands 
and contracts along its diameters. Since the disc I0. however. 
is constrained against movement in the direction of its diame 
ters. this expansion and contraction is translated into a move 
ment normal or perpendicular to the general plane of tire disc 
10. as indicated by the vertical double ended arrow in FIG. i. 
As the disc I0 expands. the amount of the dishing of the disc 
increases. causing a downward movement of the center of the 
disc I0 as seen in FIG. 6. Similarly. as the disc contracts along 
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its dian. r-ters. the amount of dishing decreases. causing an up 
ward movement of the center of the disc 10 as viewed in FIG. 
6. 

Because the amount of the "dishing" of the disc varies in ac 
cordsnce with the signals applied to the electrodes II and I) 
there is relatively friction-free rotation or a hinging of the disc 
at the knife edge contact point along the edge of the disc I0. 
The embodiment shown in FIG. 6. however. is di?icult to at 
tain as a practical matter due to the difficulty of placing and 
holding the disc 10 in place on the knife edge of the ring 23. 
and also due to the extremely large pressures exerted on the 
disc I0 by the line contact of the knife edge. As a con 
sequence. the compromise con?guration shown in the FIGS. 
1'. 2. 3. and 4 of the drawing proves tube the ‘most practical 
from an actual operating standpoint. , . 

In order most closely to duplicate the operation of the em 
. bodiment shown in 'FIG. 6. it is desirable that the ring l3 used 
in the assembly previously described in conjunction with 
FIGS. I- and 2 be made of a material having a high Young's ‘ 
modulus. providing a high torsional elasticity. but also provid 
ing a maximum rigidity to the expansion and contraction of 
the disc I0 along its diameter. Materials out of which the ring 
13 may be fabricated and which exhibit these desired charac 
teristics are tungsten. tungsten carbide. alumina ceramics. 
molybdenum and the like. The range of Young‘smodulus of 
these materials extends from approximately 320- I000 
xl00.000 p.s.i. (pounds per square inch) at room tempera 
ture. The cross-sectional diameter of the ring preferably 
should be small to provide the desired torsional characteristics 
and should be large to provide maximum resistance to expan 
sion and contraction of the disc 10 in the plane of the ring 13. 
It has been found that by making the cross-sectional diameter 
of the ring 13 approximately twice the thickness of the disc I0 
(for a disc 4.7 mils thick and Z-inches diameter). a good com 
promise can be reached. 

Referring now to FIGS. 3. 4 and 5. the operation of the 
device shown in FIGS. I and 2 illustrated. When an alternating 
current signal of a ?rst polarity from the source 20 is applied 
to the electrodes II and 12. the piezoelectric disc I 0 expands 
as indicated by the arrows placed underneath the disc I0 in 
FIG. 3. As illustrated in FIG. 5. the disc I0 expands along 
every diameter thereof. Since the ring 13 is chosen to have 
sufficient rigidity to prevent expansion of the disc I0 in the 
plane of the ring 13., the expansion of the disc I0 is translated 
into a downward motion at indicated by the arrow above the 
disc 10 in FIG. 3. causing the disc to be dished further or 
deeper than the configuration it attains when no signals are 
present from the source 20. The downward movement or 
dishing of the disc I0 causes the edge of the disc to pivot in 
wardly at the upper surface of the disc. and the modulus of 
elasticity of the material forming the ring I3 permits a ter 
sional rotation of the ring I3 about a circular axis passing 
through the center of the circle formed by each cross section 
of the ring all around the ring 13. This rotation is indicated by 
the arrows to the left and right of the ring I3 in FIG. 3. The 
torsional rotation of the ring 13 functions to approximate the 
ideal hinge condition provided by the knife edge con?guration 
of the apparatus shown in FIG. 6. 
0n the opposite half-cycles of the alternating signal ob 

tained from the source 20. the material of the disc 10 con 
tracts slong every diameter thereof as seen in FIG. 5 and as il 
lustrated by the arrows beneath the disc I0 in FIG. 4. causing 
the center of the disc 10 to move upwardly. as indicated by the 
arrow above the disc 10 in FIG. 4. which in turn causes the 
edge of the disc I0 to rotate in the opposite direction. The ring 

4 
air loading the disc to produce sounds it the driving frequen 
cies of the AC signal source 20. It can be seen that in order to 
provide the operation described. the cement attaching the disc 

~ I0 to the ring t3 must provide a rigid bond. 
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I3 then undergoes torsional rotation in the opposite direction I 
about the axis thereof. as indicated by the arrows‘ on the left .' 
and right sides of the ring IS in FIG. 4. 

This expansion and contraction of the disc I0 is repeated 
for every cycle of the signal-obtained from the sc-urcelo. 
causing the bow or dishing of the disc 10 to alternately in~ 
crease and decrease in the direction of the vertical arrows 
shown in FIGS. 3 and 4. This movement of the dis: drives the 

70 

If the material of the ring I3 did not provide the torsional 
elasticity described but if the ring I3 were rigid in response to 
torsional forces. the hinging action which has been described 
would not occur. and distorted bending of the disc I0 at its 
edge would result in high mechanical losses. substantially 
reducing the e?iciency of the device. The diameter of the disc 

_, I0 is chosen to be relatively large compared to' the thickness. 
so that a high transformation ratio is attained. since a relative 
ly small radial movement of the disc 10 provides a high axial 

' ' movement at the center of the disc. 

7 ~' Referring now to FIG. 7. there is shown a chart of response 
curves which are used in order to determine the proper im 
pedance matching of the transducer/diaphragm assembly 
shown to I118 air loading the disc I0. One means by which the 
proper impedance matching may be determined is to provide 
a ?xed energy input to a number of different samples of as~ 
semblies. varying one parameter of the assemblies at a time 
and measuring the audio output frequency response for each 
of the different assemblies being tested. For example. assume ' ' 
that a given diameter of the disc I0 and a given material and 
con?guration for the ring 13 are provided for a number of dif 
ferent samples. each having a different thickness of the disc 
I0. The audio frequency inputs then are applied in a similar 
manner to each of the samples. with the audio output response 
curves for each of the samples being measured. - 

If the disc I0 is too thick, a response curve such as the curve 
A is obtainedtending to provide a high audio response or a 
peak at a particular frequency and to provide highly attenu 
ated audio responses over the remainder of the frequency 
range in which it is desired to utilize the transducer/diaphragm 
assembly. On the other hand. if the disc to is too thin. thereby 
causing too great a compliance of the disc 10. a frequency 
response curve such as curve C is observed. providing a rela 
tively flat audio response characteristic. but too highly attenu 
ated to be useful. When approximate matching of the im 
pedance of the disc I0 to the air loading the transducer is ob 
tained. a curve such as curve B is observed with a relatively ' 
Hat and high audio output for all of the frequency range 
desired. This type of experimentation may be used. in; 
dividually varying different parameters of the trans 
ducer/diaphragm assembly in order to determine thedesired 
materials and dimensions for matching the impedance of the 
transducer/diaphragm to the air loading the diaphragm. Other 
techniques may be utilized to attain this impedance matching. > 
but the above technique has been found successful in produc 
ing properly matched assemblies. 

Since the diameter of the disc 10 is relatively large com 
pared to the thickness of the disc I0. the piezoelectric ceramic 
material may be subject to fracturing under some conditions 
of operation. In order to substantially eliminate or to minimize 
‘the tendencies for the thin piezoelectric material in the disc I0 
to fracture. a thin layer of plastic material. such as Mylar. is 
cemented to one or both surfaces of the disc I0. FIG. 8 illus 
tratcs a partial cross section of the disc I0 with the electrodes 
II and I2 deposited thereon and further including a layer of ‘ 
Mylar over the electrode I2. The Mylar layer 16 could be 
placed directly on the disc I0 with the electrode I2 placed 
over the Mylar layer if so desired. In the operation of discs 
having such a Mylar layer. it has been found ‘that substantially 
no fractures occur. thereby resulting in greatly improved 
mechanical characteristics of the assembly. In a typical as 
sembly. the ceramic material of the disc I0 may be of the 
order of 4.7 mils in thickness, with the Mylar layer being 0.25 
milsthiclt. - - i 

' In the operation of the transducer/diaphragm described 
above. a relatively wide band of response over the audio 
frequency range has been obtained. In order further to im 
prove the frequency range of the transducer/diaphragm. it 
may be desirable to replace one or both of the electrodes II 
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and 12 with a resistive conductive coating. In order to improve 
the low frequency response of the device. it also may be 
desirable to attach a lightweight conical diaphragmtsuch as a 
paper cone. to the disc“) substantially at the center point 
thereof. although in most applications such an additional 
paper diaphragm shou=d not be necessary. 

In an actual design of the transducer/diaphragm shown in 
FIGS. 1. 2. 3. 4. and 5, the following materials and dimensions 
were used: 

TABLE I 
Ring 13 material .................... -- Tungsten 
Ring 13 inside diameter ................... -- 1.94)‘ 
Ring 1!; cross sectional diameter ............. .- .080’ 
Disc 10 material“ Clt-vitt- PZT-Sll or Honeywell C27 
Disc 10 undistorted dia|ncter-__-_ ......... -- 2.00 
Disc 10 thickness .......................... -- .004” 
Disc 10 prmstressed dishing (center)- . - Ap rear. .030’ 
Assembly frequency response ......... -- I 'C-20KC 
Input power .............................. -- 20mw 

The above values are given, however. only by way of illus 
tration and are not to be construed as limitingthe scope of the 
present invention in any manner. 

I claim: 
I. A piezoelectric transducer including in combination: 
frame means defining an opening having predetermined 

dimensions thereacross. the frame means having an axis 
therein in a plane substantially parallel to the plane of the 
opening and being relatively rigid in the plane of the 
opening to maintain said predetermined dimensions. and 
the frame means being capable of torsional movement 
about the axis; ' 

a thin slab of piezoelectric ceramic material operable in an 
expander mode and of a shape generally conforming to 
the opening in the frame means. the ceramic slab being 
bent to an extent less than its elastic limit along at least 
one major dimensiwn thereof, with the edges thereof 
?tting in the opening in the frame means; 

a conductive layer on at least a portion of each of the oppos 
ing major surfaces of the slab of piezoelectric material to 
form a pair of opposing electrodes on the slab; and 

means for attaching the slab to the frame means in the open 
rng. ' 

1. The combination according to claim I wherein the frame 
means is made of a material having a Young's modulus o 
elasticity greater than 310x10? p.s.i. - 

3. The combination aecordingkto claim 2 wherein the frame 
is a ring having a groove therein and wherein the piezoelectric 
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slab is a disc. the edge of which isplaoed in the groove. 
4. The combination according to claim 3 wherein the 

piezoelectric disc is stressed into a dished shape. the arc of the 
dish determining the step-up ratio of the diaphragm trans 
ducer. 

5. The combination according to claim 2 wherein the 
material of the frame is selected from the group comprising: 
tungsten carbide. tungsten. alumina ceramics. and molyb 
denum. ' 

l0 6. The combination according to claim 1 further including a 
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thin layer of plastic material bonded to and substantially 
covering at least one of the major opposing surfaces of the 
slab, the thickness of the plastic material being substantially 
less than the thickness of the slab. 

7. The combination according to claim 6 wherein the layer 
of plastic material is a layer of Mylar. 

8. A piezoelectric transducer/diaphragm operating at audio 
frequencies and coupling directly to air including in cornbinap . 
tion: 

a prestresaed dish-shaped piezoelectric circular disc opera 
ble in an expander mode and the diameter of which is 
substantially greater than the thickness thereof; 

a rigid relatively nonexpansible ring. having an axis having 
an inner diameter sufficient to maintain the piezoelectric 
disc in the dish-shaped con? with a predeter 
mined bow therein. the ring ' g capable of torsional 
movement about the axis thereof; 

means for rigidly attaching the-edge of the piezoelectric disc 
to the inner surface of the ring; and 

electrodes on at least a portion of the opposing major sur. 
faces of the ceramic disc for applying electrical signals to 
and obtaining electrical signals from the disc. the die 
forming the sole diaphragm for the transducer. 

9. The combination according to claim 8 wherein the ring 
has a groove therein and wherein the edge of the piezoelectric 
disc is placed in the groove. ' ' 

10. The combination according to claim 9 wherein the ring 
is made of a material having a Young's modulus of elasticity 
greater than 3 lOX l05 p.s.i. 

l l. The combination according to claim 10 wherein the 
material of the ring is selected from the group consisting of: 
tungsten. alumina ceramics, molybdenum, tungsten carbide. 

12. The combination according to claim 8 further including 
a Mylar layer attached to and substantially covering at least 
one of the major surfaces of the ceramic disc, the thickness of 
the Mylar layer being substantially less than the thicknes of 
the disc. ' 


