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[57] ABSTRACT 

An ultrasonic wave microphone which comprises a ?at piezo 
electric vibrator and a funnel-like appendant resonator 
formed ofa metal having a high Q and connected to the piezo 
electric vibrator at the center thereof so that electrical charac 
teristics of the microphone can be varied, and which is espe~ 
cially useful for a remote control device or the like for a televi 
sion set. 

7 Claims, 21 Drawing Figures 
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ULTRASONIC WAVE MICROPHONE 

This invention relates to an ultrasonic wave microphone 
which comprises a ?at plezo-electric vibrator and a funnel-like 
appendant resonator formed of a metal having a high Q and 
connected to the piezo-electric vibrator at the center thereof. 

It is an object of the present invention to provide an ul 
trasonic wave microphone whose electrical characteristics 
may be adjusted with great ease and accuracy. 

It is another object of the present invention to provide an ul 
trasonic wave microphone which is simple in construction and 
high in sensitivity and which can have characteristics adapted 
to different band widths. 

It is still another object of the present invention to provide 
an ultrasonic wave microphone which has a wide band width 
and is compact and easy to manufacture. 
The invention will now be described in detail with respect to 

various embodiments thereof shown in the accompanying 
drawings, in which: 

FIG. 1 is a cross‘sectional side view of a basic form of the ul 
trasonic wave microphone according to the present invention; 

FIG. 2 is a developed perspective view of the ultrasonic 
‘wave microphone shown in FIG. 1; 

FIG. 3 shows the equivalent circuit of the aforesaid 
microphone; 

FIG. 4 is a graph illustrating the admittance characteristic of 
the same microphone; 

FIGS. 5a to 5c are graphs illustrating the relation between 
the size of the casing of the microphone and the sensitivity 
characteristic thereof; 

FIG. 6 shows the relation between the length of the con 
necting shaft and the sensitivity; 

FIG. 7 is a side view showing means for varying the length of 
the connecting shaft; 

FIG. 8 shows the relation between the diameter of the ap— 
pendant resonator and the admittance characteristic; 

FIG. 9 shows the relation between the shape of the appen 
dant resonator and the sensitivity characteristic; 

FIG. 10 is a side view showing another form of the present 
invention with the casing removed; 

FIG. II is a graph illustrating the sensitivity characteristic 
obtained by the microphone of FIG. 10', 

FIG. I2 is a side view showing still another form of the 
present invention obtained by simplifying the arrangement of 
FIGS. I and 2; 

FIG. I3 is a developed perspective view of the FIG. 12 em 
bodiment; 

FIG. 14 is a graph illustrating the relation between the coef 
ficient of coupling of the piezo-electric vibrator with the ap 
pendant resonator and the sensitivity characteristic in the FIG. 
I3 embodiment; 
FIG. 15 is a cross-sectional side view showing another form 

of the invention provided by simplifying the embodiment of 
FIGS. 12 and 13; 

FIG. I6 is a cross-sectional side view showing a modi?ca 
tion of the FIG. I embodiment; 

FIG. 17 is a graph illustrating the sensitivity characteristic 
obtained by the FIG. 16 embodiment; 

FIG. 18 is a cross-sectional side view showing still another 
form of the invention with the casing removed; and 

FIG. 19 is a developed perspective view of the FIG. 18 em 
bodiment. 

Referring to FIGS. I to 3, there is shown a basic form of the 
ultrasonic wave microphone according to the present inven 
tion, which includes a terminal plate I having a center recess 2 
formed in the upper surface thereof and dimensioned as 
desired, and a plurality of protrusions 3 formed around the 
center recess 2. A disc-like piezo-electric vibrator 4 is sup 
ported on the terminal plate I with the underside thereof 
joined to the upper ends of the protrusions 3 of the terminal 
plate I by means of an elastic bonding agent. The piezoelec 
tric vibrator 4 has an aperture 6 formed centrally thereof and 
through the aperture 6 a connecting sha? 5 is extended and 
bonded to the inner wall of that aperture. A funnel-like appen 
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2 
dant resonator 7 formed of a metal such as aluminum or the 
like having a high Q is mounted on the connecting shaft 5 
above the piezo-electric vibrator 4. A shield plate 8 is attached 
to the underside of the terminal plate by means of terminals 9 
passing through the terminal plate 1 and shield plate 8. A cas 
ing 10 having a lower open end houses therein the assembly 
and the lower open end portion of the casing I0 is securely 
?tted to the circumference of the terminal plate 1. The casing 
10 has an opening 11 formed at the upper end thereof and is 
covered thereacross by a protective screen 12. All parts of the 
assembly are in concentric relationship with one another. 
The piezo-electric vibrator 4 comprises a pair of disc-like 

ceramic vibrator elements joined together in face-to-face rela 
tionship and polarized in opposed directions to each other. 
According to this basic embodiment, as will be described 

hereunder, the sensitivity characteristic can be greatly varied 
by varying the size of the casing I0, the length of the connect 
ing shaft 5, the shape of the appendant resonator 7, etc. It is 
also possible to adjust the admittance characteristic as 
desired, by varying the size of the appendant resonator 7. 

FIGS. 50. 5b and 5c illustrate the relation between the size 
of the casing I0 and the sensitivity characteristic of the ul 
trasonic wave microphone in the shown basic fonn. By varying 
the size of the casing 10, the sensitivity characteristic can be 
greatly varied as shown in FIGS. 50 and 5b. Also, by slightly 
deviating the resonance frequency of the piezo~electric vibra 
tor 4 itself from that of the casing 10, it is possible to provide 
an ultrasonic wave microphone having a high sensitivity over a 
wide range as shown in FIG. 5c. FIG. 6 shows the relation 
between the length of the connecting shaft 5 and the sensitivi 
ty of the microphone. By selecting the length I of the connect 
ing shaft 5 to be 8.5 mm, 7.0 mm and 5.5 mm, the center 
frequency 1}, thereof varies to fun, f), and j}, respectively, thus 
resulting in the according variations in the frequency charac 
teristic of the ultrasonic wave microphone, as shown. 

In this case, the length l of the connecting shaft 5 may be 
varied by applying solder or other bonding agent 5" to the 
upper end of the connecting shaft 5, whereby the adjustment 
of the length I can be simpli?ed. 

FIG. 8 illustrates the admittance characteristic obtained 
with the varied diameter of the additional oscillator 7. As will 
be seen, if the diameter of the appendant resonator 7 is varied 
to be 20 mm, 10 mm and 5-6 mm, the admittance charac 
teristic is also varied as shown by (a), (b) and (c) respectively. 
FIG. 9 illustrates the sensitivity characteristic obtained with 
di?‘erent shapes of the appendant resonator 7, and it is seen 
that variation in the shape of the resonator also results in a 
great variation of the sensitivity characteristic of the 
microphone. 

Referring to FIG. 10, there is shown another form of the 
present invention in which a plurality of piezo-electric vibra~ 
tors 4, 4' are mechanically connected together by means of a 
rod-like connecting shaft 5' extending through these vibrators 
at the center thereof. In this embodiment, by varying the 
center frequency in the piezo-electric vibrators 4, 4' as shown 
in FIG. 11, there can be provided a double-peak sensitivity 
characteristic as shown by curve c. FIG. I2 is a cross-sectional 
side view showing a simpli?ed form of the ultrasonic wave 
microphone shown in FIGS. 1 and 2. FIG. I3 is a developed 
perspective view of the ultrasonic wave microphone shown in 
FIG. 12. 

Referring to FIGS. 12 and 13, use is made of a bimorph type 
piezo-electric vibrator I3 comprising a pair of disc-like ceram 
ic vibrator elements joined together in face-to-face relation 
ship. The mode of vibration of the piezo-electric vibrator 13 is 
such that vibration is obtained by utilizing higher harmonics 
(most e?ectively, the ?rst higher harmonic) in the deflective 
vibration of the ceramic vibrator elements. A funnel-like ap 
pendant resonator 14 formed of aluminum or like metal hav 
ing a high Q overlies the piezo-electric vibrator 13, with the 
apex thereof joined to the underlying piezo-electric vibrator 
13 at the center thereof through a ring-like connector element 
21 of insulating material, for example, by a bonding agent. 
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Output lead wires 15 and 16 are connected with the opposed 
electrodes in the piezo-electric vibrator 13, which is ?xedly 
supported on a terminal plate 17 by means of an elastic bond 
ing agent. Numeral 18 designates a pair of terminals, and 19 a 
screen provided across the upper opening of a casing 20. 
With the ultrasonic wave microphone of FIGS. 12 and 13, 

the sensitivity characteristic of the piezo-electric vibrator 13 
per se with respect to an ultrasonic wave signal is relatively 
low. However, such sensitivity characteristics can be greatly 
improved by joining the appendant resonator 14 to the piezo 
electric vibrator 13 and varying the mass, shape and other fac 
tors thereof as well as the condition and the coefficient of 
coupling therebetween. The sensitivity characteristic obtained 
with varied coefficient of coupling between the piezo-electric 
vibrator 13 and the appendant resonator 14 is illustrated in 
FIG. 14, wherein curve A represents the sensitivity charac 
teristic of the piezo-electn'c vibrator 13 alone, and curves B, C 
and D respectively represent the sensitivity characteristics 
corresponding to three different coefficients of coupling 
between the piezo-electric vibrator 13 and the additional 
oscillator 14, B being for the lowest coefficient and D for the 
highest. A simpler form of the FIGS. 12-13 ultrasonic wave 
microphone is shown in FIG. 15, wherein the connector ele 
ment 21 of FIGS. 12-13 is eliminated and the apex of a 
resonator 14 is directly joined to the piezo-electric vibrator 13 
at the center thereof. 

Referring to FIG. 16, there is shown an ultrasonic wave 
microphone improved over the FIG. 1 embodiment. This al 
ternative embodiment employs a cylindrical resonator sur 
rounding the piezo-electric vibrator, 

In FIG. 16, the microphone includes a terminal plate 21, a 
pair of terminals 22 studied through the terminal plate 21, a 
vibrator-mounting protrusions 23 formed on the upper surface 
of the terminal plate 21, a ceramic vibrator 24 resting on the 
protrusions 23, a connecting shaft 25 passing through the 
center of the vibrator 24 and ?xed thereto, a funnel-like 
resonator 26 mounted on the connecting shaft 25, a cylindri 
cal resonator 27 mounted on the terminal plate 21, so as to 
surround the ceramic vibrator 24, and a casing 28 housing the 
assembly. With the arrangement of FIG. 16, the cylindrical 
resonator 27 acts to control the standing wave oscillation in 
the casing, and as shown in FIG. 17, the single-peak sensitivity 
characteristic a can be varied to the double-peak charac 
teristic b so as to provide a wider band. 

FIG. 18 is a cross-sectional side view showing an example of 
the invention in which the piezo-electric element is mounted 
on the terminal plate. FIG. 19 shows such an example in a 
developed perspective view. 
The embodiment of FIGS. 18-19 includes a terminal plate 

29 having a recess 30 formed in the upper surface thereof, a 
disc-like supporting plate 31 mounted on the bottom of the 
recess 30, a pair of terminals 32 formed integrally with the 
supporting plate 31 and extended downwardly adjacent sides 
33 formed in the terminal plate 29, a pair of tongues 34 
formed by punching in the supporting plate 31 in diametrically 
opposite relationship with each other, a piezo-electric vibrator 
35 supported on the supporting plate 31 by means of tongues 
34, a connecting shaft 36 passing through the center of the 
piezo-electric vibrator 35 and secured thereto, a funnel-like 
resonator 37 ?xedly mounted on the connecting shaft 36, and 
a pair of supporting members 38 mounted by means of screws 
39 on the upper surface of the terminal plate 29 and having 
their respective inner ends adapted to resiliently press the 
upper surface of the piezo-electric oscillator. Each of the sup 
porting members 38 is rotatable about the screw 39 so that the 
ceramic vibrator 35 may be removably mounted. 
As has been disclosed above, the ultrasonic wave 

microphone of the present invention can have its sensitivity 
characteristic made adjustable, by varying the size of the cas 
ing, the length of the connecting shaft, the shape of the appen 
dant resonator and the coefficient of coupling between the 
piezo-clectric vibrator and the appendant resonator as well as 
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4 
by the addition of the cylindrical resonator. Thus, suitable 
selection of these factors leads to an excellent sensitivity 
characteristic of the microphone. 

Further, according to the present invention, the ultrasonic 
wave microphone can be simply constructed by connecting 
the funnel-like appendant resonator to the piezo-electric 
vibrator, and this means greater ease and economic ad 
vantages in manufacture. 
What we claim is: 
I. An ultrasonic wave microphone comprising a piezo-elec 

tric vibrator comprising a pair of disc-like ceramic vibrator 
elements having a deflective vibration mode, a funnel-like ap 
pendant resonator formed of a metal having a high Q and con 
nected to and supported by only said piezoelectric vibrator at 
the center portion thereof, a supporting plate member having 
a plurality of protrusions concentrically disposed thereon for 
supporting said piezo-electric vibrator in such a manner that 
the surface of said vibrator opposite to that having said 
resonator connected is joined on the upper ends of the protru 
sions with an elastic bonding agent, and a casing for housing 
said resonator and said piezo-electric vibrator Supported by 
said supporting plate member. 

2. An ultrasonic wave microphone as de?ned in claim 1, 
further comprising a ring-like connector element interposed 
between said piezo-electric vibrator and said appendant 
resonator for adjusting the coefficient of coupling 
therebetween. 

3. An ultrasonic wave microphone as de?ned in claim 1, 
further comprising a cylindrical resonator disposed between 
the assembly of said piezo-electric vibrator and said resonator 
and said casing. 

4. An ultrasonic wave microphone as defined in claim 1, 
wherein said piezo-electric vibrator comprises a pair of disc 
like ceramic vibrator elements having a deflective vibration 
mode, and said funnel-like appendant resonator has the apex 
thereof connected to the center ofsaid piezo-electric vibrator. 

5. An ultrasonic wave microphone comprising a piezo-elec 
tric vibrator having a through aperture formed at the center 
thereof, a connecting shaft inserted through said aperture and 
secured thereto, a funnel-like appendant resonator formed of 
a metal having a high Q securely mounted on said connecting 
shaft and supported only by said connecting shaft, a support 
ing plate member having a plurality of protrusions concentri 
cally disposed thereon for supporting said piezo-electric vibra 
tor in such a manner that the surface of said vibrator opposite 
to that having said resonator connected is joined on the upper 
ends of the protrusions with an elastic bonding agent, and a 
casing for housing the assembly of said vibrator, said connect 
ing shaft and said resonator supported by said supporting plate 
member. 

6. An ultrasonic wave microphone as defined in claim 5, 
wherein said connecting shaft has solder or other bonding 
agent applied to an end thereof to permit adjustment of the 
length thereof. 

7. An ultrasonic wave microphone comprising a ?rst and a 
second piezo-electric vibrator spaced apart at a predeter~ 
mined distance in face-to-face relationship with each other, 
each of said piezo-electric vibrator having a through aperture 
at the center portion thereof, a connecting shaft securely in 
serted through said apertures in said ?rst and second piezo 
electric vibrators to mechanically connect them together, a 
funnel-like appendant resonator mounted on and supported 
by only said connecting shaft at one end portion thereof, a 
supporting plate member having a plurality of protrusions 
concentrically disposed thereon for supporting said second 
piezo-electric vibrator in such a manner that the surface of 
said second vibrator opposite to that facing said ?rst piezo 
electric vibrator is joined on the upper ends of the protrusions 
with an elastic bonding agent, and a casing for housing said 
resonator, said ?rst vibrator and said second vibrator sup 
ported by said supporting plate member. 



Patent No. 

v 

PO-1050 
(5/09) 

UNITED S'l‘A'l‘ES PATENT OFFICE 

CERTIFICATE OF CORRECTIQN 
3,675,053 Dated 

Inventor(s) 

July 4, 1,972 

Hideo Mifune and Kenroku Tani 

It is certified that error appears in the above-identified patent 
and that said Letters Patent are hereby corrected as shown below: 

On the title page, add the followingladditional 

Foreign Application Priority Data 

Japan, Patent Appln. No. 

Japan, Utility Model No. 

Japan, Utility Model No. 

Japan, Utility Model No. 

Japan, Utility Model No. 

46665/69 
49112/69 

62368/69 

62370/69 
96640/69 

to Sedition [30] : 

filed June 10, 1969; 

filed May 26, ‘19697 

filed June 27, 1969; 

filed June 27, 1969; and 

filed October 9, 1969, 

‘Signed and sealed this 23rd day of January 1973.. 

[EDWARD M. FIRTCHER,JR. 
Attesting Officer 

‘ROBERT GOTTSCHALK 
Commissioner of Patents 


