
July 9, 1946. G. C. TIBBETTS 2,403,692 
PIEZOELECTRIC DEVICE 

Filed Dec. 29, 1944 2 Sheets-Sheet l 

Z2, (227.2e (3 Z22e23 
2. 2 227 5, 62-16-a-, -ee-ee-. 

Ø2s. 

  



July 9, 1' '46. G. C. TIBBETTS 2,403,692 
PIEZOELECTRIC DEVICE 

Filed Dec. 29, 1944 2 Sheets-Sheet 2 

a 4 
as a 2A3 casa kE5 resa / SN NS Zeege2 

- 
alyavaarae 

Sz 

ZzZae/Zazz 
32 2 Z226.222' 22/ % 5, 6-4, a 72-pee 

22, 2227 s 

  

  

  

  



Patented July 9, 1946 2,403,692 

UNITED STATES PATENT OFFICE 
2,403,692 

PIEZOELECTRIC DEVICE 
George C. Tibbetts, Camden, Maine 

Application December 29, 1944, Serial No. 570,361. 
(C. 171-32) 10 Claims. 

1. 
This invention relates to piezo-electric devices 

for converting electrical energy into mechanical 
vibrations or converting mechanical energy into 
electrical impulses, and more particularly to 
devices of the type disclosed in the patent 
of Raymond W. Tibbets, No. 2,386,279, granted 
October 9, 1945, comprising a slab which ex 
pands in one edgewise direction and contracts 
in another edgewise direction when subjected to 
electrostatic forces, a flexible member or toggle 
extending along one side of the device from edge 
to edge in one of the directions, another flexible 
member or toggle extending along the other side 
of the device from edge to edge in the other di 
rection, and means interconnecting the slab and 
members at the aforesaid edges, the members 
being arched in said directions respectively so 
that each member tends to straighten. When the 
slab expands in the direction in which it is 
arched. 

Objects of the present invention are to provide 
a piezo-electric device which will faithfully detect 
and reproduce acoustic vibrations, which is cap 
able of a very high order of straight-line re 
sponse to audio-frequencies, which reduces har 
monic distortions to a minimum, which has rel 
atively high sensitivity, which is relatively in 
sensitive to shock pick-up, which is Smple in 
construction, which has a high order of mechan 
ical strength, which is capable of being used 
either as a transmitter or a receiver, which re 
quires a minimum amount of crystalline piezo 
electric material in its construction, which can 
be manufactured at low cost, which can be read 
ily sealed to exclude moisture, in which the sound 
waves impinge substantially in phase on all its 
actuating Surfaces and in Which the lead exten 
sions are held Securely in position. 
According to the present invention the toggles 

of the aforesaid application are in the form of 
diaphragms extending throughout substantially 
the entire area of the piezo-electric slab, instead 
of ribbons covering Only parts of the sides of the 
slab. In a more Specific aspect each diaphragm 
is arched away from the slab in one of the afore 
said directions and toward the slab in the other 
of the directions. While each diaphragm may 
be arched away from the slab in the direction in 
which the other diaphragm is arched toward the 
slab, with means interconnecting the central por 
tions of the two diaphragms through an opening 
in the slab, preferably the diaphragms are arched 
away from the slab in the same one of said direc 
tions and toward the slab in the other of the di 
rections So that the central portions of the dia 
phragms move toward the Slab at the same time. 
In a Still more Specific aspect the device con 
prises means for mounting two units with cor 
responding dimensions of the two units disposed 
in planes approximately at right angles to each 
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other So that the voltages produced in the two 
units by shock, tend to cancel each other, to 
gether with means electrically interconnecting 
the two units so that the voltages produced in 
the two units by sound waves are cumulative. 
For the purpose of illustration typical embod 

inents of the invention are shown in the accom 
panying drawings in which Fig. 1 is a perspec 
tive view of a crystal from Which one or more 
piezo-electric slabs may be cut; 

i Fig. 2 is a perspective view of a slab cut from 
the crystal; 

Fig. 3 is a similar view with electrodes and 
leads mounted on the slab; 

Fig. 4 is a perspective view of a complete unit; 
Fig. 5 is a diagonal section of the unit, taken 

on the line 5-5 of Fig. 4; 
Fig. 6 is a similar section taken on line 6-6 of 

Fig. 4; 
Fig. 7 is a section taken on line 7-7 of Fig. 4; 
Fig. 8 is a perspective view of one of the dia 

phragms viewed from the inside; 
Figs. 9 and 10 are sections like Figs. 5 and 6, 

showing a modification; 
Fig. 11 is a section showing the unit of Figs. 4 

to 7 mounted in a double diaphragm device; 
Fig. 12 is a similar view showing a unit mounted 

in a single diaphragm device; 
Fig. 13 is a similar view showing the unit 

mounted in a case of the type used in a hearing 
aid receiver; 

Fig. 14 is a perspective view like Fig. 4 except in 
that the unit is circular instead of square; 

Fig. 15 is a perspective view like Fig. 3 showing 
the slab of the circular unit; 

Fig. 16 is a front view of a shock-proof device; 
and 

Fig. 17 is a section on line 7-7 of Fig. 16. 
While any piezo-electric material may be used 

in the present invention, Rochelle salt crystals 
are preferred, such a crystal being shown in Fig. 
1 in which a-a is the electrical axis, b-b the 
transverse axis and C-C the longitudinal axis. 
In cutting a square slab from such a crystal for 
use according to the present invention, the 
Crystal is So cut SO that the diagonal lines m-m 
and 71-72 bisect the angles between the axes b-b 
and C-C. Thus when the slab expands along 
the line 172-7m, it contracts along the line n-1 
and vice-versa. While the crystalline slab may 
have any desired shape, it is preferably Square 
as shown in Fig. 3 or circular as shown in Fig. 15. 
As disclosed in the aforesaid application the slab 
may be formed in one layer or in a plurality of 
layers, and each layer may comprise a single piece 
or a plurality of pieces disposed in edgewise align 
ment. 
As shown in Fig. 3 the piezo-electric slab 

has electrodes 2 mounted on its opposite faces 
and leads 3 connected to the electrodes respec   
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tively. The electrodes are preferably formed 
of gold-leaf as described and claimed in Patent 
2,287,950 and leads 3, which are preferably 
formed of metal foil, may be anchored to the 
electrodes in any suitable way as for example 
the manner disclosed in Copending application 
Sr. No. 559,522. 
Mounted on each side of the slab is a toggle 

diaphragm 4 which may be formed of Bakelite, 
Bakelite-metal powder mixtures, molded nat 
ural amber, special metallic alloys or other ma 
terial having a good modulus of elasticity and 
a coefficient of expansion approximating that of 
Rochelle Salt crystals. As shown in Fig. 5 each 
diaphragm is arched away from the Slab along 
the diagonal n-n and towards the slab along 
the diagonal m-n. Thus the thickness of 
the diaphragm varies around its periphely 
from a minimlin at the coinel's On the di 
agonal m-ni to a maximum at the Colner's 
on the diagonal n-n. On the inside each 
diaphragm is providcd with a . periphei'al 
flange or shoulder 6 which varies in depth. So 
that its exposed face lies in the same plane 
throughout the entire periphery of the dia 
phragm. Thus each diaphragm Seats flatwise 
against the slab, as shown in Figs. 5, 6 and 7, 
without distortion. The abutting faces of the 
slab and diaphragm shoulders are Secured to 
gether with Duco or other suitable cement. 
While the central portion of each diaphragm in 
side the shoulder 6 may vary for structural and 
functional reasons it is preferably uniform in 
thickness throughout its entire area. While the 
optimum thickness depends on the character of 
the material employed and the function of the 
unit, when using Bakelite the thickness is pref 
erably of the order of four thousandths inch to 
fifteen thousandths inch. 
The modification shown in Figs. 9 and 10 is 

like that shown in the preceding figures except 
in that the central portions of the diaphragms 
are interconnected by means of a pin extend 
ing through an opening in the slab, as in the 
aforesaid Fatent No. 2,336,279. and in that one 
diaphragm is turned 90 degrees with respect to 
the other, So that along one diagonal both dia 
phragms arch downwardly and on the other di 
agonal both diaphragms arch upwardly. As dis 
closed for example in the aforesaid application 
451,690 the rod 7 may be connected to a phono 
graph stylus, a microphone diaphragm or a 
sound-reproducing diaphragm. The device may 
be mounted on rubber feet fo. 

Figs. 11, 12 and 13 illustrate various ways of 
utilizing the unit shown in Figs. 3 to 8. The 
device of Fig. 11 comprises an annular frame 8 
upon each side of which is mounted an arched 
diaphragm 9. Interposed between the central 
points of the diaphragms 4 and the diaphragms 9 
are posts which may merely seat in recesses 
in the diaphragms or may be Secured at the ends 
by means of cement. When used as a micro 
phone the sound waves impinging upon the dia 
phragms 9 move the diaphragms 4 back and 
forth toward and from each other. As the dia 
phragms 4 move toward the slab from their nor 
mal positions shown in Figs. 5 and 6 the slab 
is stretched along the diagonal 12-ri and con 
pressed along the diagonal in-7m; and when the 
diaphragms 4 move away from the slab from 
their normal positions shown in Figs. 5 and 6, 
the slab is compressed along the diagonal 1-n 
and stretched along the diagonal nil-ni. Thus 
each diaphragm exerts a force on the slab along 

O 

5 

20 

25 

30 

40 

is 

50 

80 

35 

70 

75 

4 
each diagonal as the diaphragm moves back and 
forth. When using the device as a microphone 
the Sound waves inpinging upon the diaphragins 
9 produce corresponding electrical waves in the 
circuit connected to leads 3 by virtue of the 
alternate compression and stretching of the slab 
along its diagonal; and when using the device 
to convert electrical impulses into sound waves 
the action is reversed, the electrical impulses 
causing the slab alternately to expand and con 
tract along each diagonal, thereby actuating the 
diaphragms 9 through the medium of the posts 
f . 
The device shown in Fig. 12 is similar to that 

shown in Fig. 11 except in that it has only one 
diaphragm 5, and instead of the other dia 
phragm it has a case 4 Secured to the periphery 
of the diaphragm 3. The piezo-electric unit is 
mounted between a lug 6 on the casing and a 
post il engaging the diaphragm. When the dia 
phragm 3 moves inwardly it compresses the 
piezo-electric unit between the abutment 6 and 
post 7, thereby moving both diaphragms 4 in 
Wardly toward the intermediate slab f, and when 
the diaphragm 3 moves outwardly beyond its 
normal position it causes both diaphragms 4 to 
move outwardly away from the slab. 
The device shown in Fig. 13 is like that shown 

in Fig. 12 except in that the casing 18 has a 
COver 9 and the diaphragm 2 is flat, instead 
of cone shaped. The cover 9 has an outlet 22 
for the Sound waves produced by diaphragm 2 f, 
this device being particularly suited for use as 
a hearing aid. 

In devices such as shown in Figs, 11, 12 and 
13 the large diaphragms 9, 3 and 2 may be 
normally biased toward the unit sufficiently to 
keep the intermediate post or T under com 
preSSion throughout the entire range of vibra 
tion, in which case the post and abutment 6 may 
merely seat in recesses in the diaphragms with 
Out being cemeneted. However, the large dia 
phragms are preferably not normally biased and 
the parts are cemented together so that the large 
diaphragms can pull on the Small diaphragms 
When Sound waves cause the large diaphragms 
to flex outwardly from their normal positions, 
and the Small diaphragms can pull inwardly on 
the large diaphragms when actuated by electrical 
impulses through the slab . 
The device illustrated in Figs. 14 and 15 is like 

that shown in FigS. 3 and 4 except in that it is 
rollind instead of Square. As in the first embodi 
ment the device of Figs. 14 and 15 comprises a 
Central piezo-electric slab 23 carrying electrodes 
24 and leads 26, and diaphragms 27 having 
peripheral Shouidel's cemented to the slab 
throughout the periphery of the device. As 
shown in Fig. 14 each diaphragm arches away 
from the slab along the diameter 28 and towards; 
the slab along the diameter 29. 
The device shown in Figs. 16 and 17 comprises 

a base 3 ?, two posts 32 mounted on the base, 
two rings 33 mounted on the posts, one above 
the other, and two units 34, such as shown in 
FigS. 3 to 8, mounted in the rings 33 by means 
of gauze or other porous flexible material 3G 
Cemented to the rings 33 and the peripheries of 
the units. The units 34 are identical with eacil 
Other but one is turned 90 degrees about its ver 
tical axis with respect to the other so that, along 
One vertical plane extending along one diagonal 
of the units, the diaphragms of one unit are 
arched toward the associated slab and the dia 
phragms of the other unit are arched away from 
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their slab. Thus when the units are connected 
in circuit, either in series or parallel, so that the 
Voltages or currents produced in the two units 
by sound waves are cumulative, the voltages pro 
duced in the two units by mechanical shock tend 
to cancel each other. 
Inasmuch as piezo-electric crystalline plates 

are Water soluble, it is desirable to protect the 
crystalline portion of the units from moisture. 
Therefore, after cementing the various elements, 
Such as the diaphragms, the slab and the elec 
trodes and leads, I propose to coat the eXposed 
surfaces of the crystalline plate or plates and the 
electroded portions first with a suitable liquid 
plastic such as, for example, cellulose nitrate in a 
suitable solvent. Then I apply a final coat of a 
solution of polystyrene in a suitable solvent. 
Polystyrene has very little water absorbing prop 
erties and a very thin coat provides exceptional 
moisture-proofing for a device of this type. How 
ever it is difficult to cement surfaces coated with 
polystyrene. I therefore apply the cellulose ni 
trate or similar material to the crystal portion 
first, then cement to this coated Surface and then 
apply the moisture-proofing coat or coats of poly 
styrene. This moisture-proofing procedure is de 
Scribed and claimed in the aforesaid patent. 

It should be understood that the present dis. 
closure is for the purpose of illustration only and 
that this invention includes all modifications and 
equivalents which fall within the scope of the 
appended claims. 

I claim: 
1. A piezo-electric device comprising a slab 

which expands in one edgewise direction when 
subjected to electrostatic forces, a diaphragm 
extending along one side of the device from edge 
to edge in said direction, and means interconnect 
ing the slab and diaphragm at said edges, the dia 
phragm being arched in said direction so that it 
tends to straighten when the slab expands as 
aforesaid. 

2. A piezo-electric device comprising a slab 
which expands in one edgewise direction when 
subjected to electrostatic forces and a diaphragm 
extending along one side of the device from edge 
to edge in said direction, the diaphragm being 
cemented to the slab at said edges and being 
arched in said direction so that it tends to 
straighten when the slab expands as aforesaid. 

3. A piezo-electric device comprising a slah 
which expands in one edgeWise direction and Con 
tracts in another edgewise direction when Sub 
jected to electrostatic forces, a diaphragm eX 
tending along each side of the device from edge 
to edge in one of said directions, and means inter 
connecting the slab and diaphragm at said edges, 
each diaphragm being arched in one of said direc 
tions So that it tends to straighten when the slab 
expands in that direction. 

4. A piezo-electric device comprising a slab 
which expands in one edgewise direction and con 
tracts in another edgewise direction when Sub 
jected to electrostatic forces, a diaphragm eX 
tending along one side of the device from edge 
to edge in each of Said directions, and means 
interconnecting the slab and diaphragm at Said 
edges, the diaphragm being arched away from 
the slab in one of said directions and toward 
the slab in the other of said directions. 

5. A piezo-electric device comprising a slab 
which expands in one edgewise direction and 
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6 
contracts in another edgewise direction when 
subjected to electrostatic forces, a diaphragm 
extending along each side of the device from 
edge to edge in each of said directions, and 
means interconnecting the slab and diaphragms 
at said edges, each diaphragm being arched away 
from the slab in one of Said directions and to 
ward the slab in the other of Said directions. 

6. A piezo-electric device comprising a slab 
which expands in one edgewise direction and 
contracts in another edgewise direction when 
subjected to electrostatic forces, a diaphragm 
extending along each side of the device from 
edge to edge in each of said directions, and 
means interconnecting the slab and diaphragms 
at said edges, the diaphragms being arched away 
from the slab in the same one of said directions 
and toward the slab in the other of Said direc 
tions. 

7. A piezo-electric device comprising a slab 
which expands in one edgewise direction when 
Subjected to electrostatic forces and a diaphragm 
extending along one side of the device from edge 
to edge in said direction, one of said parts hav 
ing a peripheral shoulder mounted on the edge 
of the other part and the diaphragm being 
arched in Said direction. So that it tends to 
Straighten when the slab expands as aforesaid. 

8. A piezo-electric device comprising a slab 
which expands in one edgewise direction when 
Subjected to electrostatic forces and a diaphragm 
extending along one side of the device from 
edge to edge in said direction, the diaphragm 
having a peripheral shoulder mounted on the edge 
of the slab and the diaphragm being arched in 
said direction so that it tends to straighten 
when the slab expands as aforesaid. 

9. A piezo-electric device comprising a slab 
which expands in one edgewise direction and 
contracts in another edgewise direction when 
subjected to electrostatic force, a diaphragm 
extending along each side of the device from 
edge to edge in each of said directions, means 
interconnecting the slab and diaphragms at said 
edges, each diaphragm being arched away from 
the slab in one of said directions and toward the 
slab in the other of said directions, and each 
diaphragm being arched away from the slab in 
the direction in which the other diaphragm is 
arched toward the slab, and means interconnect 
ing the central portions of the two diaphragms 
through an opening in the slab. 

10. A piezo-electric device including two units 
each comprising a slab which expands in one 
edgewise direction and contracts in another 
edgewise didection when subjected to electro 
static forces, a diaphragm extending along each 
side of each slab from edge to edge in each of 
Said directions, and means interconnecting the 
slab and diaphragm of each unit at said edges, 
each diaphragm of each unit being arched away 
from the slab in one of said directions and to 
Ward the slab in the other of said directions, 
means for mounting said units with correspond 
ing directions of the two units disposed in planes 
approximately at right angles to each other so 
that the voltages produced in the two units by 
shock tend to cancel each other, and means elec 
trically interconnecting the two units so that 
the voltages produced in the two units by Sound 
waves are cumulative. 
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