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CERAMIC MECROPHONE 
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Fied Sept. 11, 1961, Ser. No. 137,345 
1 Clain. (C. 181-5) 

This invention relates to electromechanical transducers 
in general and is particularly concerned with the con 
struction of an improved transducer arrangement for 
effecting energy transfer to or from a wave-propagating 
medium which exhibits a materially different impedance 
at a given signal frequency than the mechanical imped 
ance of the transducer itself. 

Transducers of the type under consideration are fre 
quently employed for the purpose of transferring acoustic 
signal energy from air or other wave-propagating me 
diums to a wave signal receiver. Because of the recip 
rocal properties of wave signal reception and transmission, 
the teachings hereof may be advantageously applied to 
transmitting as well as to receiving systems. The inven 
tion is espectially suited for use in remote control systems 
wherein a controlled or satellite station executes any of 
several control functions depending upon the frequency 
of the command signal transmitted by the controlling 
station. Therefore, for convenience of illustration, the 
ensuing detailed description will be directed to a micro 
phone and transmitter for that application. 
For example, a very successful remote control System 

featuring the use of a multiplicity of command signals, 
distinguishable from one another by the frequency of the 
transmitted energy, is the subject of the United States 
Letters Patent 2,817,025, issued on December 17, 1957 
in the name of Robert Adler and assigned to the same 
assignee as the present invention. As there described, 
the controlled device is a television receiver in which 
the functions of on-off switching, channel selection and 
sound muting are accomplished by remote control. It is 
necessary that the controlled receiver be as insensitive 
to false actuation as practicable or, expressed in other 
words, it must be relatively free from actuation in re 
sponse to interference from spurious signals that may be 
encountered in the vicinity of the controlled receiver. 
To that end, the controlled station has a narrow accept 
ance band and is thus able to reject, on the basis of fre 
quency discrimination, interfering signals which do not 
fall within its acceptance band. By way of illustration, 
the command signals may be included in the frequency 
range from 38 to 42 kilocycles and the controlled device 
only responds to this small band of frequencies. 
Some microphones used in remote control receivers 

have been of an electrostatic type. It is desirable to use 
a piezoelectric type microphone because of its potentially 
greater sensitivity. However, a piezeoelectric micro 
phone has the disadvantage of poor impedance match to 
the wave-propagating medium, especially if this medium 
is air; in addition, such a microphone usually has a rather 
sharp acoustical response peak. A piezoelectric micro 
phone of improved construction which provides good 
impedance matching and a relatively flat response, thereby 
remedying certain of the above defects, is described and 
claimed in a copending application of Robert Adler, 
Serial No. 735,548, filed May 15, 1958, now Patent No. 
3,058,539, entitled Ceramic Microphone with Impedance 
Matching Bridge, and assigned to the present assignee. 
The Adler microphone comprises a piezoelectric or 

similar bender which is coupled to a matching device in 
order to obtain a better match between the transducer 
and the medium into which it transduces. In a specific 
embodiment as applied to a typical bender, the matching 
device comprises a U-shaped resonant bridge having its 
free ends bent toward and secured to one of the flat Sur 
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faces of the bender along the flexural lines thereof. In 
addition to its improved impedance matching, the bridge 
also provides a flat response peak which is ordinarily 
characteristic of such a device. While the Adler micro 
phone has performed admirably, simplification of con 
struction and increased transformation efficiency are de 
sirable aims. 

Accordingly, it is an object of the present invention to 
provide an improved electromechanical transducer. 

It is another object of this invention to provide an im 
proved electromechanical transducer which exhibits in 
creased band width. 

It is yet another object of this invention to provide an 
improved electromechanical transducer which is compact. 

It is a further object if this invention to provide a 
piezoelectric microphone which has improved shock re 
sistance. 
An arrangement of the above type for effecting trans 

fer of acoustical energy with respect to a medium having 
a predetermined acoustical impedance at a given signal 
frequency comprises an internally apertured electro 
mechanical transducer having a vibratory frequency of 
mechanical resonance approximately equal to the desired 
signal frequency and a mechanical impedance at the sig 
nal frequency which is high relative to the impedance of 
the medium. A mechanical impedance transformation 
device comprises a mechanically resonant diaphragm 
which is disposed in the plane of the transducer, exposed 
to the medium through the aperture, has an impedance 
at the signal frequency intermediate that of the trans 
ducer and the medium, and has a frequency of flexural 
resonance corresponding to the resonant frequency of the 
transducer. The diaphragm and transducer constitute a 
mechanical impedance transformer which is the analogue 
of an electrical impedance transformer for converting be 
tween parallel and series resonant impedance relation 
ships. 
The features of the present invention which are be 

lieved to be novel are set forth with particularity in the 
appended claim. The organization and manner of oper 
ation of the invention, together with further objects and 
advantages thereof, may best be understood by reference 
to the following description taken in connection with the 
accompanying drawings, in the several figures of which 
like reference numerals identify like elements, and in 
which: 
FIGURE 1 is a view, in vertical section, of a micro 

phone assembly embodying the present invention; 
FIGURE 2 is an enlarged perspective view of a portion 

of FIGURE 1 showing in detail how the microphone is 
mounted in the microphone assembly; 
FIGURE 3 is an enlarged sectional view taken along 

line 3-3 of FIGURE 2; 
FIGURE 4 shows a modification of the microphone 

structure shown in FIGURE 3, utilizing a different im 
pedance matching device; 
FIGURE 5 is an elevation view, partially cut away, 

showing still another modification of an impedance 
matching device; 
FIGURE 6 is a sectional view taken along line 6-6 

of FIGURE 5; and w 
FIGURE 7 is a sectional view taken along line 7-7 

of FIGURE 5. 
Referring now more particularly to the drawings, in 

FIGURE 1 there is depicted a microphone for effecting 
transfer of ultrasonic energy with respect to air, which 
has a predetermined acoustical impedance at a given 
signal frequency. Air, like any wave signal propagat 
ing medium, has a characteristic or acoustical impedance 
at sonic frequencies which may be described as the ra 
tio of force to velocity of volume flow in a distributed 
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medium. The difficulty encountered in achieving a piezo 
electric ceramic microphone of high sensitivity is in ef 
fecting a good impedance match between the piezoelec 
tric element and the air, because of the fact that 
the mechanical impedance of the ceramic element is 
very much higher than the impedance of air at the sig 
nal frequency. Air is a light medium, is easy to move 
and experiences a large displacement in response to a rel 
atively small moving force, whereas a piezoelectric trans 
ducer is very hard to move and is a heavy device com 
pared with air. It yields but little and experiences only 
a small displacement in response to the application of a 
relatively large moving force. 
A salient feature incorporated into the invention is an 

improved structure which, in effect, bridges such dissimi 
lar impedances to attain an efficient coupling therebe 
tween. This is accomplished through the agency of an 
auxiliary mechanical device which is itself heavier than 
air and yet lighter than the piezoelectric element. The 
matching structure is further characterized by a frequen 
cy of mechanical resonance matching that of the piezo 
electric element and it is connected to that element to 
define therewith a mechanical structure which is the full 
equivalent of an electrical impedance transformation net 
work converting between series and parallel impedance 
in a resonant circuit. A structure which accomplishes 
the above matching is, as mentioned above, described and 
claimed in the Adler copending application. The pres 
ent application provides an improved matching structure 
which has several advantages as will be described be 
low. 
The microphone structure of the embodiment of the 

invention under consideration comprises a flexural-mode 
piezoelectric element or bender 10. A piezoelectric 
bender is a device which illustratively has two piezo 
electric plates or wafers having such relative polariza 
tion and electrical connection through an electrode struc 
ture that electrical signals developed in response to 
bending are additively related. As detailed in FIG 
URE 3, the bender is made up of two plates 11 and 12, 
of a material having a high electro-mechanical coupling 
factor, in order to provide a high efficiency of energy 
transfer between the electrical and mechanical actions. 
The class of materials known as titanates is particu 
larly Suited for use in such wafers. These compositions, 
such as barium titanate and strontium titanate, are fre 
quently employed as transducers. 

Piezoelectric plates 11, 12 are circular in shape and 
have silvered surfaces 13 completely covering both sides. 
The silvered surfaces serve two purposes: first, they act 
as electrodes through which a uni-directional potential 
is applied to the plate for the purpose of establishing a 
permanent polarization in a given direction in the thick 
ness mode as indicated by the arrows in FIGURE 3; 
Secondly, the silvered surfaces constitute contact points 
for the output leads of the microphone. As here em 
bodied, the piezoelectric plates individually are polar 
ized in opposed directions. 
As best shown in FIGURE 2, the bender consisting 

of piezoelectric plates 11 and 12 has a hole 15 through 
its center. The mechanical impedance transformation 
device of the invention comprises a mechanically reson 
ant diaphragm disposed in the plane of the transducer 
and exposed to the air through hole 15. More specifi 
cally, a thin circular piece of metallic foil 16 is sand 
wiched between piezoelectric plates 11 and 12 to couple 
the bender 10 to air. Preferably, an adhesive is placed 
0n both sides of the diaphragm to permanently unite 
plates 11 and 12, forming bender 10. As shown in FIG 
URE 3, the cemented edges of the diaphragm extend to 
the outer diameter of bender 10. This is done to sim 
plify construction; actually the diaphragm need be af 
fixed only to a small portion of the bender. Since dia 
phragm 16 is disposed in the plane of bender 10, no 
part of it profrudes above the outside surfaces of the 
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4. 
bender, thereby making a more compact and durable 
Structure. 
A "diaphragm' as used in this context may be defined 

as a thin flexible sheet that can be moved by sound 
waves, as in a microphone, or can produce sound waves 
when moved, as in a loudspeaker. The diaphragm has 
an acoustical impedance at a predetermined signal fre 
quency intermediate that of the transducer and the air. 
The frequency of flexural resonance of diaphragm 16 
corresponds to the resonance frequency of the trans 
ducer and is inversely proportional to the size of aper 
ture 15. In the specific case of the circular aperture, 
the frequency of flexural resonance varies as the in 
verse square of the diameter of hole 15. Of course, 
this assumes that the thickness of the diaphragm is con 
stant since the resonant frequency is also proportional 
to the dimension. 

Bender 40, with its impedance matching diaphragm 16, 
is housed within a mounting structure, as shown in 
FIGURE 1, comprising a base 17 and a cap 18 both 
formed of an insulating material such as polystyrene. 
Base 17 has a centrally located recess 20. Cap 18 has a 
central aperture which in conjunction with recess 20 
of base 17 defines a cavity for receiving the bender-dia 
phragm assembly. Bender 10 itself is mounted on an 
electrode 21, as shown in FIGURE 2, which has a circu 
lar aperture 23 adapted to receive the bender and make 
electrical contact with plate 11. The electrode and its 
mounted bender are retained on base 17 by cap 18. 
Another output lead 25 of the bender is cemented to the 
opposite plate 12, preferably at a nodal circle to present 
a minimum resistance to vibration. 

Diaphragm 16 and bender 10 are coupled to air through 
a tapered horn 26. The dimensions of the mouth of the 
horn are Selected in accordance with the requirements 
of the signalling system in which the microphone is to be 
employed. In the case of a microphone for use with re 
motely controlled television receivers, a horn design found 
to have acceptable directivity is one having a mount di 
mension one wave-length in the horizontal direction and 
tWo Wave-lengths in the vertical direction. 
The throat of the horn communicates with diaphragm 

16 through an acoustical impedance matching section 27 
which is a tubular space having a length of 4 wave-length 
at the signal frequency. A flange plate 28 mechanically 
Secured to the mouth of the horn is fastened to base 17 and 
cap 18 by means of fasteners 30. Fasteners 30 also serve 
the function of retaining cap 18 against base 17, thus 
holding electrode 21 in place and in addition retaining an 
electrode 31, as shown in FIGURE 1, against capas 
Sembly 18 to which lead 25 is attached. In the operation 
of the described microphone, an ultrasonic radiated sig 
nal reaching horn 26 is channeled through the quarter 
wave impedance matching section 27 to impinge upon 
diaphragm 16. The received sonic signal constitutes a 
Small force applied to the resonant diaphragm to set it 
into flexural mode vibration. The small force applied 
to the center of the diaphragm produces a displacement 
of large amplitude and results in a much larger force 
appearing around the edge of the diaphragm. This large 
force developed at the edge is applied to the bender and 
results in its displacement or bending. This displace 
ment is of much smaller amplitude than that experienced 
by the diaphragm in view of the high mechanical imped 
ance of the bender, but, nonetheless, establishes flexural 
mode vibration therein of an amplitude considerably 
larger than that which would have resulted had the 
bender been directly exposed to the acoustic pressure. 
The mechanical bending action, through piezoelectrical 
conversion, results in an electrical signal appearing on 
electrodes 21 and 31. 
The described mechanical impedance transformation, 

from a condition of large amplitude displacement and 
low driving force acting upon diaphragm 16 to a condi 
tion of low amplitude displacement and high driving force 
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acting upon the bender, is analogous to an electrical im 
pedance transformer for converting between parallel and 
Series resonant impedance relationship. This basic con 
cept is more completely explained in the abovementioned 
Copending application of Robert Adler. 
A modified microphone is shown in FIGURE 4, where, 

instead of Sandwiching diaphragm 16 between plates 11 
and 12, a cup-shaped diaphragm 32 has its sides cement 
ed to the sides of hole 15. This embodiment is advan 
tageous in that there is greater flexibility in the place 
ment of the diaphragm within hole 15. The operation 
of the device is in all respects similar to that of the em 
bodiment of FIGURES 1-3. 

Still another embodiment is shown in FIGURES5-7 
where a rectangular bender 10' is utilized with a rec 
tangular hole 15' having a rectangular diaphragm 16 
which is clamped at two ends 35 and 36 as shown in 
dashed outline in FIGURE 5 and in FIGURE 7. 
Bender 10' is suspended in the microphone housing by 
means of two thin flexible sheets 37 and 38 which extend 
from the edges of the bender and are clamped between 
the respective plates. 
As detailed in FIGURE 6, the individual piezoelectric 

plates are polarized longitudinally in contrast to the thick 
ness polarization shown in FIGURE 3; the operation is 
similar to that of the embodiment of FIGURES 1-3. 
However, here the frequency of flexural resonance is in 
versely proportional to the square of the length of one 
side of the rectangular hole. A further modification of 
the embodiment of FIGURES 5-7 may be made by 
clamping diaphragm ió' at only one end thus allowing 
the diaphragm to vibrate in a free-clamped mode. 

Since there are no protrusions above the surface of 
the bender, as in the Adler microphone, the microphone 
of the present invention is more compact. Also, the 
sandwiching of the impedance matching diaphragm be 
tween the plates of the bender, or as in FIGURE 4 the 
cementing of the sides of the diaphragm to the bender, 
results in a more shock-resistant, structurally stronger 
microphone. 
The band width of a microphone of this type is related 

to the mass of the impedance matching diaphragm. The 
type of construction disclosed provides greater variety in 
choice of band width since the impedance matching 
structure can be made with less mass. 

While particular embodiments of the invention has 
been shown and described, it is apparent that modifica 
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tions and alterations may be made, and it is intended in 
the appended claim to cover all such modifications and 
alternations as may fall within the true spirit and scope 
of the invention. 

I claim: 
An arrangement for effecting transfer of acoustical 

energy with respect to a medium having a predetermined 
acoustical impedance at a given signal frequency com 
prising: a flexural element comprising two piezoelectric 
plates including means defining at least one hole therein 
and having a vibratory frequency of mechancial reso 
nance approximately equal to said signal frequency and 
a mechanical impedance at said signal frequency which 
is high relative to the impedance of said medium; a me 
chanical impedance-transformation device sandwiched 
between said piezoelectric plates for coupling said flex 
ural element to said medium and comprising a mechani 
cally resonant vibrator element exposed to said medium 
through said hole in said flexural element and having an 
impedance at said signal frequency intermediate that of 
said flexural element and said medium and a frequency 
of flexural resonance corresponding to that of said flex 
ural element, said flexural element and said vibrator ele 
ment constituting a mechanical impedance transformer 
which is the analogue of an electrical impedance trans 
former for converting between parallel and series reso 
nant impedance relationships. 
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