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() ULTRASONIC PROBE AND METHOD OF PRODUCING THE SAME.

@ An ultrasonic probe characterized in that the junction surfaces of a piezo-electric element and an ultrasonic
wave absorbing material are irradiated with corpuscular rays in a vacuum and are then press-adhered together.
Therefore, the highly precise junction is accomplished without being exposed to high temperatures, and
undesired reflection on the junction surfaces is prevented and reverberation is efficiently absorbed.
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ULTRASONIC PROBE AND METHOD FOR MANUFACTURING THE SAME

TECHNICAL FIELD

This invention relates to the struciure of a junction between a piezoelectric element and an ultrasonic-
wave absorber in an ulirasonic probe and relates also to a method for manufacturing such an ultrasonic
probe.

BACKGROUND ART

An ulirasonic-wave absorber and a piezoelectric element have hitherto been joined together by a
method in which they are bonded by the use of an epoxy adhesive and also by a method in which a
composite material prepared by mixing a heavy-metal filler with an epoxy resin is used as an ultrasonic-
wave absorber, and a piezoelectric element is cast in the step of curing the ultrasonic-wave absrober.

The related art includes the disclosures of JP-A-60-58550 and JP-A-60-128358.

In the prior art described above, a seasoning deformation of the epoxy resin mixed with the heavy
metal and that of the epoxy adhesive are not taken into consideration, and the prior art has thus had the
problem that the acoustic characteristics of the ultrasonic probe are degraded with time. Also, because of a
very large difference between the acoustic impedance of the epoxy adhesive and that of the piezoelectric
element or that of the ultrasonic-wave absorber, the epoxy adhesive forms an acoustic boundary layer when
the piezoelectric element and the ultrasonic-wave absorber are joined together by the use of the epoxy
adhesive, and this resulis in reflection of the ulirasonic waves. Therefore, the priorart has had such another
problem that the ultrasonic waves do not sufficiently propagate from the piezoelectric element toward the
ultrasonic-wave absorber, and detrimental reverberation of the ultrasonic waves cannot be efficiently
absorbed by the ultrasonic-wave absorber.

When a material having an acoustic impedance substantially equivalent to that of the piezoelectric
element is employed as the ultrasonic-wave absorber, the ultrasonic waves generated from the piezoelectric
element and propagating toward the ultrasonic-wave absorber are efficiently absorbed by the ultrasonic-
wave absorber, so that the unnecessary reverberation would not occur. For that purpose, the piezoslectric
element and the ultrasonic-wave absorber must be joined together without the use of the adhesive. This
purpose will be attained by employing a metal material to form the ultrasonic-wave absorber and utilizing
the joinability of the metal itself so as to join the uitrasonic-wave absorber to the piezoelectric element. As
such a joining method, a method is commonly employed in which the metal is joined by heating it to a level
higher than or close o its melting point. However, when such a joining method is employed so as to join
the absorber to the piezoelectric element, the surface flatness of the piezoelectric element is lost due to a
thermal strain atiributable to a change in the temperature of the absorber, thereby giving rise to a degraded
performance of the ulirasonic probe. Also, this thermal sirain causes a seasoning deformation, with the
result that the performance of the probe becomes unstable. Further, when this thermal strain is excessively
large, breakage of the piezoelectric element tends to results, and the practical use of the ulirasonic probe
will become utterly impossible.

The prior art has had the necessity for forming electrodes on the piezoelectric element, because the
ultrasonic-wave absorber formed of an electrical insulator is used, or the ultrasonic-wave absrober formed of
an electrical conductor is joined to the piezoelectric element by the use of the epoxy adhesive which is an
electrical insulator. Also, the prior art has had such another problem that the strength of the joints between
the electrodes and the piezoelectric element is weak, and the elecirodes tend to be siripped off from the
piezoelectric element during use.

DISCLOSURE OF INVENTION

It is an object of the present invention to provide the structure of an ulirasonic probe in which its
piezoelectric element and its ultrasonic-wave absorber are joined together with a high strength, in which
reverberation of ultrasonic waves can be efficiently absorbed, and in which the ultrasonic-wave absorber can
be used as an electrode and to provide also a method for manufacturing such an ultrasonic probe.

According to the present invention which attains the above object, for the purpose of joining the
piezoelectric element to the ultrasonic-wave absorber formed of a metal or formed by sintering metal
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powders, their junction surfaces are irradiated with a particle beam in a vacuum, and they are then pressed
against each other at a temperature lower than the Curie point of the oscillator.

Further, at the time of joining, a foil or film of an In alloy or an Fe alloy is inserted as an insert member,
and the piezoelectric element and the ultrasonic-wave absorber are then pressed against each other while
irradiating their junction surfaces with the particle beam in the vacuum.

(Operation)

By irradiating the junction surface of the piezoelectric element and that of the ultrasonic-wave absorber,
which is formed of the metal or formed by sinfering the metal powders, with the particle beam in the
vacuum, oils and fats, moisture, oxide films, etc. attaching to their junction surfaces are removed. As a
result, hands of bond are exposed on the junction surfaces to provide highly active surfaces forming a firm
junction, so that the piezoelectric element and the ultrasonic-wave absorber are firmly joined together when
brought into intimate contact with each other under application of a pressure.

Although high energy is injected into the irradiated surfaces according to this method, the energy
injection is limited to the irradiated surfaces only. Therefors, when compared to the method of joining by
heating the ultrasonic-wave absorber, the quantity of energy injected into the entire ultrasonic-wave
absorber is very small. As a result, the thermal strain would hardly occur on the ultrasonic-wave absorber,
and, therefore, the piezoelectric element maintains its surface flatness.

When the ultrasonic-wave absorber is such that it cannot be sufficiently joined to the piezoelectric
element in spite of the irradiation with the particle beam, a firm junction can be attained when an insert
member showing a good joinability to both the piezoelectric element and the ultrasonic-wave absorber is
inserted into the junction surfaces. When the insert member is used, the insert member is subjected to
plastic deformation during application of the joining pressure, thereby improving the degree of intimate
contact at the junction interface, so that a more firm and uniform junction can be provided.

Further, because both the ultrasonic-wave absorber and the insert member are electrical conductors,
they can be used as elecirodes.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a front elevational view showing a method for establishing a metal-to-metal junction between a
piezoelectric element and an ultrasonic-wave absorber.

Figs. 2 and 3 are longitudinal sectional views each showing the structure of the junction between the
piezoelectric element and the ulirasonic-wave absorber formed of lead.

Fig. 4 is a longitudinal sectional view of an embodiment of the uitrasonic probe of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

An embodiment of the present invention will now be described with reference to Fig. 1.

1 designaies a piezoelectric element, 2 designates an ultrasonic-wave absorber formed of lead, 3
designates each of beam sources emitting an atom beam, and 4 designates each of pressure applying jigs.

First, the piezoslectric element 1 and the ultrasonic-wave absorber 2 are mounted on the pressure
applying jigs 4, and the atmosphere is evacuated to a vacuum of 2x10~7 Torr. Then, argon gas is
introduced into the beam sources 3 to set the pressure of the atmosphere at 4x10~* Torr, and argon atom
beams emitied from the beam sources 3 are directed toward and onto the junction surfaces of both the
piezoelectric element and the ulirasonic-wave absorber 2 so as to remove contaminants and surface films.
Because the junction surfaces from which the contaminants and the surface films are removed have a very
high degree of joinability, a metal-to-metal junction is easily formed when the junction surfaces are brought
into intimate contact with each other by application of a pressure P at the room temperature.

In the illustrated embodiment, the piezoelectric element 1 and the ulirasonic-wave absorber 2 are
directly joined. However, as shown in Fig. 2, a foil 5 of a soft metal which is liable to plastic deformation,
such as, an In-Sn alloy, an in-Pb alloy or a Pb-Sn alloy may be used as an insert member. Also, as shown
in Fig. 3, a film 6 of a soft metal such as an In-Sn alloy, an In-Pb alloy or a Pb-Sn alloy or of an oxidation
resistive metal such as gold or silver may be formed on the junction surface of the piezoelectric element 1
or the ultrasonic-wave absorber of lead 2 by means such as sputtering, plating or brazing, so as to realize a
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firm junction without hardly abstructing propagation of ultrasonic waves.

Further, as shown in Table 1, any one of metals such as tungsten, zinc, iron, nickel, copper and indium
having a large acoustic impedance (Column 1 in Table 1) can be used as the material of the ultrasonic-
wave absorber 2, besides lead. Among those materials, a material having an acoustic impedance close to
that of the piezoelectric element 1 and acting to greatly attenuate ultrasonic waves is most preferable. From
this viewpoint, lead is most suitable for the purpose. However, the desired effect can be similarly exhibited
even when any one of sintered bodies obtained by sintering powders or powder mixtures of metals having
an acoustic impedance larger than that of the piezoelectric element 1 (Column 2 in Table 1) is used.

In the illusirated embodiment, an atom beam (neutron rays) is used as the particle beam. This is
because the atom beam does not cause charge-up of an object to be irradiated and is therefore suitable for
irradiation of an electrical insulator such as a ceramic oscillator. An ion beam can be also used as the
particle beam. However, when the ion beam is used for irradiating an electrical insulator, it is necessary to
simultaneously direct an electron shower so as to prevent charge-up.

Table 1
Metal-powder
Metal sintered body
Acoustic W, Zn, W, W+Pb, Fe,
1 | impedance: Fe, Pb, | W+In, Cu,
large Cu, Ni | Ni
Ultrasonic
P
2 | wave attenuation: Pb 3;1ﬁ+ o,
large

The structure and operation of the ultrasonic probe manufactured according to the present invention will
now be described with reference to Fig. 4. 1 designates the piezoelectric element, 2 designates the
ultrasonic-wave absorber formed of lead, 7 designates a protective plate formed of alumina, 8 designates a
lead wire connected to the electrode, 9 designates a filler, 10 designates a protective case, and 11
designates a terminal. The ultrasonic-wave absorber 2 formed of lead is an electrical conductor and can be
used as an electrode for the piezoeleciric element 1.

The operation will now be described. Ulirasonic pulses are generated when a pulse voltage from a
pulse voltage generator (not shown) is applied to the piezoelectric element 1 through the terminal 11. The
generated ulirasonic waves are injected through the protective plate 7 toward and into an object to be
tested (not shown) for the purpose of ultrasonic nondestructive testing. Reverberation of the ultrasonic
waves, which degrades both the accuracy of the ultrasonic nondestructive testing and the capability of fault
or defect detection, is absorbed by the ultrasonic-wave absorber of lead 2 joined to the piezoelectric
element 1.

Table 2 shows representative values of acoustic impedances of various materials. A composite material
which consists of a heavy metal and a resin and whose typical example is a composite material consisting
of minium and an epoxy resin has hitherto been widely employed as the material of the ultrasonic-wave
absorber. However, in this case, the acoustic impedance is 0.5x10% g cm/s as shown in Table 2 and is for
smaller than 2.3x10% g em/s which is the typical value of the acoustic impedance of the piezoelectric
element (the ceramic material having the composition of (Pb(Zr, Ti)Os-PbMo)).

When the piezoelectric element and the ultrasonic-wave absorber have acoustic impedance Z¢ and Zp
respectively, the acoustic reflectivity r at their junction interface is given by the following equation:

r = (ZD—ZC)/(ZD+ZC) .e- (1)
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When, for example, the piezoelectric element is joined to the epoxy resin containing the minium,
substitution of the value of the acoustic impedance shown in Table 2 into the equation (1) provides the
result of r=61%. Thus, it is proved that more thant he half of the acoustic waves are reflected at the
acoustic waves do not efficiently propagate toward the ultrasonic-wave absorber.

Table 2

. Acoustic impedance
Material t 6 p

(x 10° g cm/s)

Piezoelectric
element 2.3
(Pb(Zr, Ti)03-PbMo)

Lead 2.5
Zinc 3.0
Tungsten 10.4
Iron 4.5
Copper 4,2
Nickel 5.0
Minium 70 vol % 0.5

- epoxy resin 30 vol %

Epoxy resin 0.3

On the other hand, when lead is used as the material of the ultrasonic-wave absorber, r=4% is derived
from the equation (1) in view of the acoustic impedance value shown in Table 2. Thus, reflection of the
ultrasonic waves at the junction interface is minimized, so that the ulirasonic waves can be efficiently
propagated toward the ultrasonic-wave absorber. The illustrated embodiment exhibits the effect that
unnecessary reverberation of ultrasonic waves can be extinguished within a very short period of time.

It is known that the less the reverberation of ultrasonic waves, the performance of the ulirasonic probe
is higher. When the oscillator, the insert member and the ultrasonic-wave absorber have acoustic impedan-
ces Zg, Z; and Zp respectively, the order of the performance of the ulirasonic probe dependent on the
relative amounts of the acoustic impedances is as follows:

1. ZE = Zi = ZD
2. ZE > Zi = ZD
3.Zg> 27> Zp
4, 7> Zi< Zp
In the case of the sintered body obtained by sintering metal powders, the relation Z;=Zp or Z>Zp can
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be easily provided, because the acoustic impedance can be controlled over a wide range by suitably
selecting the ratio of the mixed materials. Therefore, when the metal-powder sintered body is used as the
ultrasonic-wave absorber, the probe exhibiting high performance can be easily manufactured.

Further, because the insert member is a solid, its thickness can be easily controlled. Therefore, when
the thickness of the insert member is selected to be equal to 1/4 \ (\: the wavelength of ultrasonic waves),
an acoustic matching layer can be formed, so that the reverberation of the ulirasonic waves can be
efficiently propagated toward the ultrasonic-wave absorber.

INDUSTRIAL APPLICABILITY

An ultrasonic probe in which the acoustic wave reverberation time does not change over a long period
of time can be provided, because a metal material having a property free from any secular variation can be
used to form its ultrasonic-wave absorber. Also, because a metal having a large acoustic impedance can be
used as the material of the ultrasonic-wave absorber, reflection of the ultrasonic wave at the interface
between the piezoelectric element and the ultrasonic wave absorber can be minimized.

Further, because the oscillator and the ultrasonic-wave absorber are joined together at the room
temperature in the illustrated embodiment, no residual thermal strain attributable to joining occurs. The
coefficient of linear expansion of the ultrasonic-wave absorber is not generally equal to that of the oscillator.
Therefore, when they are joined at a high temperature, problems including a variation of the piezoelectric
characteristic of the osciilator due to a residual thermal strain and degradation of the surface flatness of the
oscillator after cooling arise, resulting sometimes in breakage of the oscillator, strip-off at the junction part,
etc. These problems do not arise in the illustrated embodiment in which joining is made at the room
temperature. However, when temperature range where a variation of the piezoelectric characteristic or a
variation of the surface flatness of the oscillator falls in an allowable range, the yield sirength of the
ultrasonic-wave absorber or the insert member is lowered to increase of plastic deformability. Thus, heating
is effective for promoting the intimate contact at the junction, thereby improving both the junction strength
and the reliability.

Electrodes for the piezoeleciric element have hitherto been formed by brazing. According to the present
invention, the ultrasonic-wave absorber formed of a metal can be used as one of the electrodes. Thus, it is
merely necessary to form the other electrode on one surface only of the piezoelectric element, thereby
simplifying the steps of manufacturing the piszoelectric element.

Claims

1. A method for manufacturing an ultrasonic probe characterized by irradiating junction surfaces of a
piezoelectric element and an ulirasonic-wave absorber with a particle beam in a vacuum and then
pressing the two junction surfaces against each other by application of a pressure.

2. An ultrasonic probe characterized in that an ultrasonic-wave absorber joined to a piezoelectric element
is used as an electrode.

3. A method for manufacturing an ultrasonic probe as claimed in Claim 2, characterized in that a foil of an
In alloy or a Pb alloy is inserted between the piezoelectric element and the ulirasonic-wave absorber.

Amended Claims

1. A method for manufacturing an ulirasonic probe characterized by irradiating junction surfaces of a
piezo-electric element and an ultrasonic-wave absorber with a particle beam in a vacuum and then
pressing the two junction surfaces against each other by application of a pressure.

2. A method for manufacturing an ultrasonic probe as claimed in Claim 1, wherein said ultrasonic-wave
absorber is either one of lead, zinc, iron, nickel, copper and indium, or an alloy thereof, or sintering
powders of the metal among them.

3. A method for manufacturing an ultrasonic probe as claimed in Claim 1, wherein said ultrasonic-wave
absorber is lead.
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4. A method for manufacturing an ultrasonic probe as claimed in Claim 1, characterized in that a foil of an
In alloy or a Pb alloy is inserted between said piezo-electric element and said ultrasonic-wave absorber.

5. A method for manufacutring an ulirasonic probe as claimed in Claim 1, wherein at least one of said
junction surfaces of said piezo-eleciric element and said ultrasonic-wave absorber is formed with a
layer of an In-Sn alloy, an In-Pb alloy, gold, or silver.
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