


2,957,954 Oct. 25, 1960 F. SWINEHART 

MICROPHONE 

2 Sheets-Sheet 2 
Filed March '7, 1957 

pm q E 

FREQUENCY -> 

_ _ _ _ _ _ 

W c +. m. “ _ _ _ _ _ _‘ 

65 

2(11/1/1/1/ 
(I. 

mgr-7 

IOOOO :00 I000 

FREQUENCY C. P. S. 

jZ‘ZVEZTZUZ‘" 
FRANK SW/NE/MRT 



United States Patent 0 

2,957,954 
MICROPHONE 

Frank Swinehart, Cedar Rapids, Iowa, assignor to The 
Tumer ‘Company, Cedar Rapids, Iowa, a corporation 
of Iowa 

Filed Mar. 7, 1957, Ser. ‘No. 644,640‘ 

a 7 ‘Claims. (Cl. 179-110) 

The present invention relates to improvements in the 
‘?eld of piezoelectric microphones and, more particularly, 
v‘to a microphone assembly having a higher output level. 
_ A piezoelectric microphone generates an electromotive 
force by the deformation of a crystal having piezoelec— 
tric properties. The crystal is normally a crystal of 
Rochelle salt but may be composed of other materials 
such as ceramics. The voltage generated by such a crys 
tal is proportional to the displacement of the. crystal 
by the sound waves. 7 
The most common type of piezoelectric microphone 

employs a diaphragm which is mechanically coupled to 
the crystal. The output of this type of microphone is 
considerably higher than the direct actuated type because 
the diaphragm acts as a coupling unit between the rela- V 
tively low impedance of the air ‘and the high impedance 
of the crystal. 
While the use of the diaphragm provides some measure 

of greater output, small crystal microphones neverthe 
less have rather low output levels, commercial micro~ 
phones having an average open circuit output level in 
the neighborhood of 55 decibels (db) below one volt 
per dyne per sq. cm. An improvement of even a few 
decibels in this output would represent a substantial ad 
vantage for many design purposes. 

‘Crystal microphones also have the disadvantage that 
they exhibit a resonant point at frequencies within the 
audio frequency range. In some cases, the resonance 
may be quite pronounced so that a considerable amount 
of distortion of audio signals may result. 

Accordingly, an object of the present invention is to 
provide an improved microphone assembly capable of a 
higher output for a given mechanical vibrating system. 

Another object of the invention is to provide an im 
proved piezoelectric type microphone having a substan 
tially flat response throughout the audio range. 

Still another object of the invention is to provide an im 
proved diaphragm actuated piezo electric type micro 
phone wtih means for damping the effects of resonance in 
the crystal systems. 

Designers have long been concerned with the problem 
of reducing the stiffness” or increasing the compliance of 
the mechanical moving system in a crystal type micro 
phone. Up to the present time, it has always been thought 
that any improvement in the output level of such a micro 
phone must come by reducing the stiffness of the mechani 
cal system. I have determined, on the other hand, that 
while the mechanical system stiffness is of major im 
portance, the stiffness of the back cavity of the micro 
phone can be of equal importance in cutting down the 
amount of voltage output possible in the given system. 
I have further found that by reducing the stiffness of 
the back cavity, thereby increasing its compliance, for 
any given conventional mechanical system, I am able to 
increase the output of the microphone by an average of 
about 3 to 6 db. 

vThe explanation for this substantial increase in the 
voutput of'crystal microphones can best be explained by 
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the following analysis, reference being made to the at 
tached sheets of drawings, in which: 

Figure l is a cross-sectional view, with parts in ele 
vation of a typical microphone assembly presently being 
employed; 

Figure 2 is the electrical equivalent circuit for the 
mechanical system shown in Fig. 1; 

Figure 3 is a graph illustrating the effect of back cavity 
stiffness on the output of a microphone at low frequen 
cies; . 

Figure 4 is a cross»sectional view, with parts in eleva 
tion, of an improved microphone employing the princi 
ples of the present invention; 

Figure 5 is the electrical equivalent circuit for the 
mechanical system shown, in Fig. 4; 

Figure 6 is a graph illustrating the change in effective 
compliance of the network shown in Fig. 5 as the fre 
quency increases; 

Figure 7 is a cross-sectional view of another form 
of microphone embodying the principles of the present 
invention; and, 

Figure 8 is a graph embodying a comparison of the 
output characteristics of various microphones with and 
without the improvements of the present invention. 
As shown in the drawings: 
In Figure 1, reference numeral 10 indicates generally 

a piezoelectric type microphone assembly which includes 
a housing 11 composed of metal or plastic having one end 
closed by means of a ?exible metal diaphragm 12. A 
piezoelectric crystal 13 supported from terminals 14 is 
located within the housing 10 and is mechanically coupled 
to the diaphragm 12 by a thin drive pin 16. The dia 
phragm 12 is connected to the drive pin 16 by an adhe 
sive such as a deposit of cement 17. 

In making an acoustical analysis of the structure shown 
in Fig. l, a large number of factors must be taken into 
consideration. 
The next effective mass of the moving system includ 

ing the diaphragm 12, the drive pin 16, the crystal 13, 
and the remainder of the moving system may be con 
sidered as acting along the axis of the drive pin 16. The 
net effective compliance of the moving system and the 
mechanical resistance due to friction may also be con 
sidered as acting along this axis. 
The equivalent electrical circuit for the mechanical 

system of Fig. l is illustrated in Fig. 2 of the drawings. 
The net effective mass of the moving system is equiva 
lent to an inductance, Lm, the net effective compliance 
of the moving system is equivalent to a capacitance, Cm, 
and the mechanical resistance may be represented by a 
resistance Rm. The compliance of the back cavity, iden 
ti?ed generally at numeral 18 in Figure 1, may be repre 
sented by a capacitance C0 in the electrical equivalent 
circuit. 
At low frequencies, well below the frequency of reso 

nance which occurs between the inductance Lm and the 
capacitance Cm, the compliances of the system are the 
controlling factors. This conclusion follows from the 
subsequent analysis. 

In any piezoelectric system, the voltage output at any 
frequency is proportional to displacement, or amplitude 
of motion. The displacement, X at low frequencies, i.e., 
well away from resonance may be determined as follows: 

X=fv dt 
where v=velocity 

The velocity, v, can be determined as follows: 



3 

F0 sin wtzinstantaneous force 
Zm =total impedance 
Cm I =total compliance 

w=21rf 
where f is the frequency ' 

Where: 

“Fri 
Cm 

Solving for X: I ~ 

X=Ct1f F0 SID wt 

Since the voltage output is proportional to the displace 
ment, the voltage, e, may be calculated as 

e=KCm F0 sin out 

where K is a constant. 
From the foregoing it will be seen that the voltage out 

put, at low frequencies, is directly proportional to the 
circuit compliance which in turn is dependent upon the 
net effective compliance of the moving system and the 
net effective compliance of the back cavity (upon Cm 
and Cc). 
The graph of Figure 3 illustrates the effect on the low 

frequency output voltage for different ratios of C,3 to Cm. 
From this plot, it will be seen that if the compliance of 
the back cavity is less than the compliance of the mov 

Zao 

ing system (that is, at a ratio of less than 1.0) the low 
frequency output voltage is severely a?fected. Accord 
ingly, I modify the characteristics of the back cavity 
so that its compliance is at least several (at least two) 
times as great as the net eifective compliance of the 
moving system. To put it another way, the stiffness 
of the back cavity should not contribute substantially 
to the stiffness of the diaphragm-crystal moving system. 

There are numerous ways in which the compliance of 
the back cavity can be increased and the output volt 
age of the microphone thereby increased. Basically, the 
objective is to provide an acoustically sealed back cavity 
of the correct compliance. “Acoustically sealed” does 
not necessarily mean air-tight, as for example, an open 
tube may act as an acoustical seal without providing an 
lair-tight chamber. The simplest means for achieving the 
correct compliance in a back cavity is to increase the 
depth of the housing behind the crystal to several times 
its original volume. Another means consists in provid 
ing perforations at the back of the housing in su?icient 
number so that the pressure behind the crystal is relieved. 
One very highly effective means for introducing a con 

trolled compliance into a microphone assembly is illus 
trated in Figs. 4 and 5 of the drawings. In that form 
of the invention, there is illustrated a relatively deep 
housing 21 closed at one end by means of a flexible dia 
phragm 22. A crystal 23 is supported by means of ter 
minals 24 from a partition 26 in the housing 21. A 
drive pin 27 secured to the diaphragm 22 by means of 
a deposit of cement 28 provides the mechanical coupling 
between the diaphragm 22 and the crystal 23. 

In this form of the invention, the acoustical back cav— 
ity is divided into two parts by the presence of the par 
tition 26. The two parts of the cavity indicated as a 
forward cavity 32 and a rear cavity 33 are connected 
by means of an aperture 29 in the partition 26. In order 
to dampen the effects of resonance (as will be explained 
hereinafter) a piece of an acoustical resistance material 
such as a porous silk cloth 31 is secured to the partition 
about the aperture 29. 
The electrical equivalent circuit for the structure 
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4 
shown in Fig. 4 is illustrated in Fig. 5. By comparing 
Fig. 5 with Fig. 2 it will be seen that the effect of the 
partition and the aperture is to add a branch circuit con 
sisting of the net effective inertance of the aperture be 
tween the forward cavity 32 and the rear cavity 33 rep 
resented by M,,, a resistance corresponding to the acous 
tical resistance of the silk cloth 31, represented by RC, 
and the net effective compliance of the additional cavity 
33 which is represented by the capacitance C02. The 
original cavity compliance of the forward cavity 32 is 
identi?ed’ as a capacitance C“. 
From Fig. 5, it will be seen that since an inductance 

Me and resistance R, has been added, the new parallel 
circuit will respond differently to changes in frequencies 
than the original cavity structure shown in Figure 1. 
By properly choosing values for M0 and Re it is pos 
sible to retain the voltage increase at the low frequencies 
and, what is more, raise the entire output level of the 
microphone without affecting materially the high fre~ 
quency response. 

Turning to the circuit of Fig. 5, the net impedance at 
any frequency, of the two circuits in parallel can be 
calculated as follows: 

Z“ = Z1 X Z2 
21+ Z2 

Where: 

Z,,c=impedance of the network 
Z1=impedance of the original branch 
Z2=impedance of the added branch 
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X02: 

where f is the frequency. 
If Xm is chosen so that it is very much smaller than Re, 

which in turn is very much smaller than X61 or X02 at low 
frequencies my the proper selection. of Xm and. Re, then 
the combined impedance of the two circuits in parallel is: 

5°“ jw(Cu1+Cc2) 

Where: Zacu is the low frequency impedance of the net 
work. 
From the foregoing, it will be seen that the effective 

compliance of the network decreases as the frequency in 
creases along a curve depicted in Fig. 6 of the drawings. 
In that graph, the effective compliance of the added net 
work is plotted against the frequency. At lower frequen 
cies, the value of the effective compliance approaches the 
sum of the two compliances C61 and C02 while, at the 
higher frequencies, the effective compliance approaches 
the value of C61. By properly choosing the size of aper 
ture 29 in the structure shown in Fig. 4, it will be, seen 
that the overall e?ect is to increase the compliance of the 
system at the low and mid-frequency portions without 
materially affecting the compliance at themovingsystem 
resonant frequency. This is highly desirable because the 
resonant frequency will not be lowered and the high fre 
quency range of the microphone range will not be limited. 

If it were not for the resistance Re, (which remains 
constant with changes in frequency) the‘system shown in 
Fig. 5 of the drawings would have two objectionable 



resonances,'one due to a'series resonance condition and 
the other to a' parallel resonance condition. The not re 
sult would be a peak resonance voltage followed by a dip 
resonance voltage in the output characteristic. The 
porous cloth 31, however, has the effect of damping these 
resonance peaks and thereby leveling or ?attening the fre 
quency response curve. 

Accordingly, the cloth 31 should be porous enough so 
that the cloth does not isolate the larger cavity 33 from 
the smaller cavity 32, thus decreasing the improvement 
in low and mid-frequencies. At the same time, the resist 
ance afforded by the cloth 31 should not be so low that 
it does not provide the aforementioned damping effect. 
A commercial form of the invention is illustrated in Fig. 

7 of the drawings in which reference numeral 41 indicates 
a housing composed of metal or plastic, the housing 41 
being closed at one end by means of a ?exible diaphragm 
42 whose periphery is sealed to the periphery of the hous 
ing 41. A drive pin 43 is secured to the diaphragm 42 by 
means of a deposit of cement 44 and mechanically couples 
the motion of the diaphragm 42 to a crystal 46. The 
latter is supported by means of relatively ?exible metallic 
lleads 47 and 48 whose ends are imbedded in deposits of 
solder 49 and 51 which are solidi?ed in a pair of eyelets 
52 and 53 extending through the housing 41. A pair of 
insulator washers 54 and 56 space the respective ends of 
eyelets 52 and 53 from the housing 41. An additional 
insulator washer 57 is provided on the eyelet 53 to isolate 
it from the housing 41. 
The eyelets 52 and 53 are provided with solder lugs 58 

and 59 to connect the output of the crystal to the ampli 
?er or other circuits with which it is to be employed. 
A mounting plate 61 is also included within the housing 

41 and has an aperture 61a through which the drive pin 
43 extends. The aperture 61a is covered with a porous 
cloth 65 through which the drive pin 43 extends. Spacing 
the mounting plate 61 from the crystal 46 is a pad 62 com 
posed of cork or plastic or the like. 

With the form of the invention illustrated in Fig. 7, 
the crystal is provided with a large volume back cavity 
generally indicated at 64, the volume being sufficient to 
provide the back cavity with a sufficient compliance so 
that it does not materially add to the stiffness of the dia 
phragm-crystal moving system. 
The frequency characteristic curves for the various 

microphone assemblies illustrated are shown in Fig. 8 of 
the drawings. The lowermost curve, labeled curve A, il 
lustrates the frequency characteristics of a typical non 
compensated crystal microphone of the type shown in Fig. 
1 of the drawings. As seen in Fig. 8, the ordinary micro 
phone has a sharply resonant peak 66 occurring in the 
audio frequency range. 

e frequency characteristic of a microphone provided 
with a simple enlarged cavity, is illustrated in curve B of 
the set of curves. The average output level of curve B is 
from four to six db in excess of the output level of curve 
A. Curve B also exhibits a relatively sharp resonant point 
67 at a lower frequency than the resonant point 66 on 
curve A. 

The best characteristic is possessed by the dual cavity 
structure employing the acoustical resistance, of the type 
shown in Figs. 4 and 7 of the drawings. The frequency 
characteristic for this type of microphone is illustrated in 
curve C. This curve shows that the frequency character 
istic is much ?atter due to the damping effect of the 
acoustical resistance while the output level is consistently 
higher than the output level of curve A except for the 
?attening at the resonant point. 
From the foregoing, it will be appreciated that the 

microphones of the present invention provide a relatively 
simple but highly effective means for increasing the over 
all power output level of a crystal microphone. This in 
crease in output level is achieved over substantially the 
entire output range of frequencies and can be adjusted to 
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provide ‘a substantially ?at response for the microphone 
over the audio range. 

It will also be evident that various modi?cations can be 
made to the described embodiments without departing 
from the scope of the present invention. 

I claim as my invention: 
1. A piezoelectric type microphone comprising a piezo 

electric crystal, a ?exible diaphragm disposed forwardly 
of said crystal and mechanically coupled to said crystal, 
a housing for said microphone, and means associated with 
said housing providing an acoustical cavity for said 
crystal having a sufficiently high compliance so that said 
cavity does not add signi?cantly to the stiifness of the 
diaphragm-crystal moving system, said cavity having a 
compliance su?icient to increase the output level of said 
microphone without creating a resonant condition at 
low frequencies. 

2. A piezoelectric type microphone comprising a piezo— 
electric crystal and a ?exible diaphragm mechanically 
coupled to said crystal constituting a moving system for 
said microphone, and means providing a back cavity for 
said moving system having an effective compliance at 
least several times as great as the compliance of said 
moving system, said back cavity having a compliance 
su?icient to increase the output level of said microphone 
without creating a resonant condition at low frequencies. 

3. A piezoelectric type microphone comprising a piezo 
electric crystal, a ?exible diaphragm mechanically cou 
pled to said crystal, and a housing for said microphone 
supporting said crystal and said diaphragm, said housing 
having a rear wall spaced sufficiently behind said crystal 
to provide a back cavity whose compliance is high enough 
so that said back cavity does not add signi?cantly to the 
stiffness of the diaphragm-crystal moving system, said 
back cavity having a compliance sufficient to increase the 
output level of said microphone without creating a 
resonant condition at low frequencies. 

4. A piezoelectric type microphone comprising a piezo 
electric crystal, a ?exible diaphragm mechanically cou 
pled to said crystal, and a housing for said microphone 
supporting said crystal and said diaphragm, said housing 
having a rear wall spaced su?iciently behind said crystal 
to provide a back cavity having an effective compliance 
at least several times as great as the compliance of the 
diaphragm-crystal moving system, said back cavity having 
a compliance su?icient to increase the output level of said 
microphone without creating a resonant condition at 
low frequencies. 

5. A piezoelectric type microphone comprising a hous 
ing, a ?exible diaphragm closing one end of said housing, 
a piezoelectric crystal mounted in said housing, a drive 
pin coupling said diaphragm to said crystal, an apertured 
partition behind said crystal, and an acoustical resistance 
member covering the aperture in said partition, said 
housing having a rear Wall spaced sufficiently behind the 
crystal to provide a back cavity having an effective com 
pliance at least several times as great as the compliance 
of the diaphragm-crystal moving system, said back cavity 
having a compliance sufficient to increase the output level 
of said microphone without creating a resonant condition 
at low frequencies. 

6. A piezoelectric type microphone comprising a hous 
ing, a ?exible diaphragm closing one end of said housing, 
a piezoelectric crystal system mounted in said housing, 
a drive pin coupling said diaphragm to said crystal, an 
apertured partition behind said crystal, and a porous 
fabric covering the aperture in said partition, said housing 
having a rear wall spaced sufficiently behind said crystal 
to provide a back cavity having an effective compliance 
at least several times as great as the compliance of the 
diaphragm-crystal moving system, said back cavity having 
a compliance su?icient to increase the output level of said 
microphone without creating a resonant condition at 
low frequencies. 

7. A piezoelectric type microphone comprising a hous 
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ing, a'?exible. diaphragm closing; one endv of said housing, 
a piezoelectric crystal system mounted in said housing, 
means mechanically; coupling‘ said diaphragm to’ said 
crystal, and means within, said?: housing providing an 
acoustically sealed cavity behind such crystal having’, an 5 
effective compliance at leastzseveral times as great as the 
compliance of the diaphragm-crystal moving,systern,lsaid 
cavity having a compliance‘ su?icient to increase the out 
put level of said microphone without creating a resonant 10 
condition at low frequencies. 
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