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[57] ABSTRACT 
The invention describes a novel design of an acoustic 
transformer which serves as an impedance matching 
device between the transducer material and the atmo 
sphere. The transformer serves also to effectively in 
crease the limited maximum permissible amplitude of 
vibration of the transducer material whereby the maxi 
mum acoustic power radiated into the atmosphere is 
substantially increased. The novel acoustic’ trans 
former design also results in a signi?cant reduction in 
the magnitude of the secondary lobes in the direc 
tional pattern thereby additionally improving the per 
formance characteristics of the transducer. 

5 Claims, 7 Drawing Figures 
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DIRECTIONAL ULTRASONIC TRANSDUCER 
WITH REDUCED SECONDARY LOBES 

This invention is concerned with electroacoustic 
transducers and, more speci?cally, with electroacous 
tic transducers for transmitting or receiving sound in a 
gaseous medium. Although not limited to the ultrasonic 
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frequency region, this invention is particularly useful '0 
for improving the performance characteristics of elec 
troacoustic transducers to be used in the ultrasonic 
frequency region. 
Many types of transducer materials such as, for ex 

ample, magnetostrictive rods, piezoelectric crystals, 
and polarized ceramic elements, have been widely used 
in the design of ultrasonic sound generators. As is well 
known to anyone skilled in the art, a design require 
ment for achieving reasonably high transducer ef? 
ciency at ultrasonic frequencies is to operate the trans 
ducer element at or near resonance. If the transducer 
material employed in the design is a polarized ceramic 
plate, for example, the operating frequency region of 
the transducer can correspond to the frequency region 
in the vicinity of the thickness resonance of the ceramic 
plate or, if the ceramic plate is in the form of a circular 
disc, the planar resonant frequency mode of vibration 
of the disc could be used for establishing the frequency 
region of operation. 
The use of the transducer materials above mentioned 

have all proved very successful in connection with the 
design of underwater transducers because the relatively 
‘high acoustic impedance of the transducer material is 
reasonably well matched to the relatively high acoustic 
impedance of the water into which the sound is radi 
ated. However, when such a transducer is to be used for 
generating sound in a gaseous medium, such as air, the 
low acoustic impedance of the air is mismatched con 
siderably from the relatively high acoustic impedance 
of the transducer material and as a consequence the 
transducer output and bandwidth are signi?cantly re 
duced. To overcome these limitations this invention 
provides a novel design of an acoustic transformer 
which, in addition to serving as an impedance matching 
device between the transducer material and the air, 
also serves to effectively increase the limited maximum 
permissible amplitude of vibration of the transducer 
material whereby the maximum acoustic power radi 
ated into the atmosphere is substantially increased. The 
novel acoustic transformer design disclosed in this in 
vention also results in a signi?cant reduction in the 
amplitude of the secondary lobes in the directional 
radiation pattern of the transducer and also in a virtual 
elimination of the tertiary and higher order lobes 
thereby additionally improving the performance char 
acteristics of the transducer. 
The primary object of this invention is to improve the 

radiation ef?ciency and bandwidth of an ultrasonic 
transducer which is to operate in a gaseous medium by 
providing an acoustic transformer between the vibrat 
ing surface of the transducer element and the atmo 
sphere into which the sound is to be radiated. 
Another object of this invention is to improve the 

acoustic impedance match between the vibrating sur— 
face of a transducer element and the atmosphere into 
which the vibrations are to be transmitted. 
An additional object of this invention is to provide an 

acoustic transmission line between the vibrating sur 
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2 
face of a transducer element and the atmosphere into 
which the vibrations are to be transmitted. 
A still further object of this invention is to greatly 

improve the performance characteristics and power 
handling capacity of an ultrasonic transducer designed 
for transmitting acoustic energy into the atmosphere at 
ultrasonic frequencies. 
Another object of this invention is to greatly reduce 

the secondary lobes in the directional pattern of an 
ultrasonic transducer which includes an acoustic trans 
mission line as a coupling element between ‘the vibrat 
ing surface of the transducer element and the atmo 
sphere. 
An additional object of this invention is to increase 

the acoustic power output of an ultrasonic transducer 
operating in a gaseous medium beyond the acoustic 
power output which can be realized from the limited 
amplitude of vibration of the surface of the transducer 
material when the vibrating surface is directly exposed 
to the atmosphere. ' 

In keeping with an aspect of this invention a polar 
ized ceramic disc is operated at either its planar reso~ 
nant frequency mode or at its thickness resonant fre 
quency mode and its ef?ciency, bandwidth, and direc 
tional pattern are greatly improved by providing an 
acoustic transmission line between the vibrating ce 
ramic plate and the atmosphere. The transmission line 
comprises a material whose speci?c acoustic impe 
dance is less than the speci?c acoustic impedance of 
the ceramic and greater than the speci?c acoustic im 
pedance of air. The dimensions and con?guration of 
the material are uniquely chosen to achieve the various 
objects of the invention and the improved performance 
characteristics listed above. 
The novel features which are characteristic of the 

invention are set forth with particularity in the ap 
pended claims. However, the invention itself, both as to 
its organization and method of operation, together with 
further objects and advantages thereof, will best be 
understood by reference to the following description 
when taken in conjunction with the accompanying 
drawings in which: 
FIG. 1 is a plan view of a transducer employing the 

teachings of this invention. 
FIG. 2 is a vertical section taken along the line 2—2 

of FIG. 1. 
FIG. 3 is a cross-sectional view taken along the line 

3—3 of FIG. 2 except that the view is taken for the 
complete transducer. 
FIG. 4 is a section taken along the line 4—4 of FIG. 

2 except that the section is taken for the complete 
transducer. 
FIG. 5 is a plot showing the relative increase in sensi 

tivity achieved by the transducer illustrated in FIG. 2 as 
a function of I-I/h where H is the height of the potting 
material illustrated in FIG. 2 and A is the wavelength of 
sound in the potting material at the frequency of opera 
tion. 
FIG. 6 is a plot showing the measured improvement 

in the transmitting response characteristic of an elec 
troacoustic transducer employing the teachings of this 
invention. - 

FIG. 7 shows the measured directional pattern of a 
transducer employing the teachings of this invention 
and indicates the virtual elimination of secondary 
lobes. 
Referring more particularly to the ?gures in which 

one preferred form of the invention is illustrated, l is a 



3,928,777 
3 

housing structure which, for convenience, is illustrated 
as being of molded plastic. The plastic housing 1 is 
represented as a hollow cylinder with three internal rib 
portions 2. Each of the rib portions is provided with an 
undercut section 3 to form a locating nest for accu 
rately positioning the ceramic disc 4 as illustrated in 
FIGS. 2 and 3. The ceramic disc 4 may be any one of 
the well known polarized ceramic materials such as, for 
example, lead-zirconate-titanate or barium titanate. 
The flat faces of the disc 4 are provided with metallic 
electrodes 5 and 6 as is well known in the art. An elec' 
trical conductor 7 is soldered to electrode surface 5 
and electrical conductor 8 is soldered to electrode 
surface 6 as illustrated in F IG. 2. A metallic cylindrical 
collar 9, which includes an extended 80 tab member 10, 
is ?tted over the rear projection portion 11 of the plas 
tic housing 1 as illustrated in FIG. 2. The tab portion 10 
passes through a rectangular slot in the rear portion 11 
of the housing and becomes a terminal post in the vicin 
ity of the ceramic element 4 as illustrated in FIG. 2. 
The free end of electrical conductor 7 is soldered to the 
free end of the tab member 10 as illustrated. A cylindri 
cal terminal pin 12 having a shoulder portion 13 and an 
extension tip portion 14 is pressed through a central 
hole in the base portion 11 of the housing 1 as illus 
trated in FIG. 2. The free end of electrical conductor 8 
is soldered to the tip portion 14 of the terminal pin 12 
as illustrated. 

In the embodiment illustrated the external electrical 
terminal connections for the ceramic disc appear in the 
form of a coaxial connector having a center pin portion 
12 and a cylindrical collar portion 9 as illustrated in 
FIG. 2. To complete the transducer assembly a sound 
conducting material 15, preferably in the form of a 
potting compound, is used to fill the open end of the 
housing to provide a height H of material which is 
bonded to the electrode surface 5 of the ceramic as 
illustrated in FIG. 2. The height of the acoustic cou 
pling material H is_chosen, as will be disclosed, to pro 
vide optimum improvement in the performance char— 
acteristics of the transducer at the desired frequency. 
For the construction illustrated in FIG. 2, the potting 

material 15, in addition to serving its primary function 
as an acoustic transmission line of length H between 
the surface 5 of the ceramic disc and the atmosphere, is 
also used to provide additional mechanical damping to 
the ceramic by permitting it to make direct contact 
with the peripheral edge surface of the disc and also 
with the bottom surface 6. For applications where the 
transducer is not required to have maximum damping it 
is possible to isolate the edge and bottom surfaces of 
the ceramic disc from the potting compound by apply_ 
ing a layer of low acoustic impedance material to either 
or both of these surfaces prior to potting. A suitable 
isolating material is a thin layer of commercially avail 
able foam rubber or foam plastic tape which may be 
easily attached to the edge and bottom surfaces of the 
ceramic disc prior to inserting the disc into position in 
the housing. The layer of foam tape which may be 
applied to the ceramic surfaces as an alternate con— 
struction is not illustrated in the drawings because the 
description in the text is sufficiently clear and it is not 
necessary to complicate the drawings which the illus 
tration of the optional design including the added foam 
layer. 

In order to achieve increased radiation efficiency and 
bandwidth for the transducer, I have found it advanta 
geous to choose a potting material 15 whose speci?c 
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4 
acoustic impedance is greater than the speci?c acoustic 
impedance of air and less than the specific acoustic 
impedance of the ceramic material. The specific acous 
tic impedance is de?ned as the product of density times 
the velocity of sound in the material. I have also found 
that the maximum improvement in sensitivity occurs 
when the height of the acoustic coupling material H is 
made equal to 0.25%, where )\ is the wavelength of 
sound in the material 15 at the frequency of operation. 
The increase in sensitivity of a particular transducer 
incorporating the teachings of this invention as a func 
tion of the dimension H is shown in FIG. 5. The data 
indicates that maximum efficiency occurs at H/)\ = 
0.25. It also shows that significant improvement is real 
ized if H/A lies between 0.1 and 0.4. I have also found 
that if the potting material 15 contains a silicon base 
that the variation in the specific acoustic impedance of 
the potting compound with temperature can be mini 
mized and the transducer will remain more uniform in 
its operational characteristics over a wide range of 
environmental temperature changes. 
FIG. 6 [shows the measured transmitting response 

characteristic of an ultrasonic transducer employing a 
ceramic disc of polarized lead-zirconate-titanate. 
Curve 16 shows the measured response characteristic 
of the transducer when the vibrating surface of the 
ceramic disc is exposed directly to the atmosphere 
without any coupling material 15 present. Curve 17 
shows the improved sensitivity and bandwidth which 
results when the acoustic coupling material 15 is added 
to the ceramic to serve as an acoustic transmission line 
as illustrated in FIG. 2 and H is made equal to 025A at 
the operating frequency of the transducer. 

If the transducer employs a ceramic disc 4 which is 
made of one of the common types of polarized lead-zir 
conate-titanate materials and if the transducer is oper 
ated at or near the planar resonant frequency mode of 
vibration of the disc, the beam angle of the directional 
radiation pattern of the transducer will be approxi 
mately 10° to 12° wide at the —3 dB points. The mea 
sured directional pattern of such a transducer desig 
nated for operating in the vicinity of 280 kHz is shown 
in FIG. 7. If barium titanate were chosen as the ceramic 
material, the planar resonance frequency would be 
approximately 50 percent higher for the same size disc 
and the beam angle would accordingly be somewhat 
smaller. In any case, by using any of the generally avail 
able ceramic materials for the disc the beam angle of 
the transducer will generally be between approximately . 
8° to 12° at the operating frequency corresponding to 
the planar resonant frequency of the disc. 

I have also found that by using a height of potting 
compound H ranging between 0.1% and 0.4K that the 
magnitude of the secondary lobes that appear in the 
directional pattern of the transducer are greatly re 
duced in comparison to the magnitude of the secondary 
lobes which are normally present in the directional 
radiation pattern of a circular vibrating piston. FIG. 7 
shows the measured directional pattern of a transducer 
incorporating the teachings of this invention and em 
ploying a lead-zirconate-titanate ceramic disc operat 
ing at the planar resonant frequency mode. As can be 
seen in FIG. 7 the secondary lobes are reduced in mag 
nitude by more than 25 dB below the sensitivity on the 
main axis as compared to a secondary lobe reduction of 
approximately 17 dB which is typical for a circular 
piston. It is also noted in FIG. 7 that any additional 
higher order lobes beyond the secondary lobes are 
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virtually eliminated in the directional pattern of the 
inventive transducer. The improvement in secondary 
lobe reduction results from the internal refraction of 
the sound generated by the vibrating ceramic disc as it 
passes through the acoustic transmission line 15. The 
refraction, in turn, is caused by the relatively high ve 
locity of sound in the potting material 15 as compared 
to the velocity of sound in air. 
The invention has disclosed a novel design of an 

ultrasonic transducer for generating sound in air. The 
teachings of this invention have resulted in greatly 
improved performance characteristics of the trans 
ducer. Although speci?c examples have been described 
to illustrate the basic teachings of this invention, it will 
be obvious to anyone skilled in the art that variations 
may be made in some of the speci?c details which have 
been disclosed without departing materially from the 
novel teachings of this invention. Therefore, I desire 
that my invention shall not be limited except insofar as 
is made necessary by the prior art and that the ap 
pended claims be construed to cover all equivalent 
structures. 

I claim: 
1. in combination in a directional electroacoustic 

transducer, a housing structure having an opening, a 
polarized ceramic disc characterized in that its periph 
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6 
ery is smaller than the periphery of said opening, and 
further characterized in that it operates at a frequency 
near its planar resonant vibrational mode, said ceramic 
disc includes a vibratile surface, means for locating said 
ceramic disc within said opening in said housing struc 
ture with said vibratile surface placed opposite said 
opening, means for reducing the amplitude of the sec 
ondary lobes in the directional pattern of said trans 
ducer, said means including a sound conducting mate 
rial located within said opening and making intimate 
contact with said vibratile surface. 

2. The invention in claim 1 characterized in that the 
thickness of said sound conducting material lies in the 
range 1/ 10 to 4/10 wavelength of the sound generated 
in said sound conducting material at the planar reso 
nant vibrational mode of said ceramic disc. 

3. The invention in claim 2 further characterized in 
that said sound conducting material also makes inti 
mate contact with the peripheral edge surface’ of said 
ceramic disc. 

4. The invention of claim 2 further characterized in 
that said sound conducting material is an elastomer. 

5. The invention in claim 4 further characterized in 
that said elastomer contains silicone. 

* * * * * 
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