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(54) A method of making an 
ultrasonic transducer 

(57) A wafer (4) of lead zirconate 
titanate (piezo-electric material) 
having silver face coatings is heat and 
pressure bonded, under vacuum, to a 
nickel diaphragm (1) with the 
interposition of lead, and the wafer of 

lead zirconate titanate is slidably 
rotated relativd to the surface of the 
diaphragm during the bonding process 
to effect an improved bond. The wafer 
is pressed and rotated by a shaft "S" 
about the lower end of which R.F. 
induction heating coils are disposed. 
The bonding produces a lead/silver 
eutectic alloy. 

The drawings originally filed 
were informal and the print 
here reproduced is taken from a 
later filed formal copy. 
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SPECIFICATION 
Ultrasonic transducers 

This invention relates to untrasonic 
transducers. 

5 Ultrasonic transducers, each comprising a 
wafer of piezo-electric material bonded to a 
diaphragm or substrate, are now widely used in 
many fields of technology. One such use is in the 
nuclear reactor art and the transducers can be 

10 required to operate for long periods in a hot 
environment under irradiation. Liquid metal cooled 
nuclear reactors provide a particularly hot 
environment and there is a problem in providing a 
bond between the piezo-electric material and the 

15 diaphragm which will withstand the temperature. 
In co-pending application number Serial No. 
1,526,950 38343/75 there is disclosed a method 
of making an ultrasonic transducer, the method 
comprising bonding a disc of piezo-electric 

20 material having a metallic coating to a nickel 
diaphragm with lead. 

The sensitivities of transducers produced by the 
disclosed method depend largely on the area and 
the pattern ofthe bond achieved and, although the 

25 disclosed method achieves bonds of adequate 
strength between the piezo-electric materials and 
the diaphragms, the area and pattern of bond are 
found not to be controllable with the result that 
there is a scatter in the resulting sensitivities of 

30 the transducers. Thus, for applications where a 
group of matched transducers is required it is 
necessary to manufacture and make a selection 
from a large number of transducers so it is an 
object ofthe present invention to provide an 

35 improved bonding technique whereby greater 
uniformity of bonds can be achieved. 

According to the present invention in a method 
of making an ultrasonic transducer wherein piezo-
electric material having metallic face coatings is 

40 bonded to a nickel diaphragm with lead under 
vacuum conditions, the method is characterised 
by an intermediate step of urging the bonding 
surfaces together and simultaneously effecting 
relative sliding displacement of the surfaces whilst 

45 the bonding lead is molten. The step has the effect 
of wiping the bonding surfaces together with 
molten lead thereby displacing contaminants and 
effecting a large area of bond. 

In a preferred method the piezo-electric 
50 material is a wafer of lead zirconate titanate 

having silver face coatings so that the invention 
can be said to reside in a method of making an 
ultrasonic transducer, the method comprising the 
steps, performed under vacuum conditions, of at 

55 least partially coating a nickel diaphragm with 
lead, urging a wafer of lead zirconate titanate 
having silver face coatings and the lead coating 
together, heating by radio frequency induction 
means to melt the lead coating, rotating the wafer 

60 of lead zirconate titanate relative to the diaphragm 
through a fraction of a revolution, and allowing the 
resultant lead/silver bonding alloy to solidify. 

Performing the steps under vacuum conditions 

avoids the need to use a bonding flux which would 
65 result in contamination of the bond and obviates 

any gaseous cavities in the bond. The step of 
wiping the bonding surfaces together by relative 
rotation under pressure, gives improved wetting of 
the silver coating, and results in a very thin layer of 

70 lead/silver alloy bonding the wafer of lead 
zirconate titanate and the diaphragm together, the 
layer extending over substantially the whole ofthe 
bonding face of the wafer. By providing bonds of 
uniform area in such transducers significant 

75 uniformity of sensitivity of the transducers is 
achieved. 

In a preferred method according to the 
invention the nickel diaphragm is prepared by a 
preliminary step consisting in heating the 

80 diaphragm under vacuum at 400°C to 500°C to 
remove microscopic surface contaminates — such 
as air, hydrocarbons and dissolved gases. 

A method of making an ultrasonic transducer 
according to the invention is described by way of 

85 example with reference to the accompanying 
drawings wherein 

Figure 1 is a cross section of a diaphragm for an 
ultrasonic transducer, shown in one stage of 
preparation, 

90 Figure 2 is a plan view of a wafer of piezo-
electric material, and 

Figure 3 is a cross section of the completed 
ultrasonic transducer. 

A diaphragm 1 is prepared by machining a disc 
95 of nickel of 30 mm diameter and 3 mm thick and 

producing a first counter bore 2 of 25 mm 
diameter and 2 mm deep and a second co-axial 
counter bore 3 of 15 mm diameter and 2.5 mm 
deep. The diaphragm 1 is then heated under 

100 vacuum at400°C to 500°C for approximately 10 
minutes to remove microscopic'contaminants 
such as air, hydrocarbons and dissolved gases 
thereby producing a surface which is readily 
'wetted' by lead. A button of lead is placed in the 

105 counter bore 3 and the diaphragm re-heated, 
again under vacuum conditions, to melt the lead 
and thereby to bond the button to it. The base of 
the counter bore 2 and the lead button are then 
machined to a common face (as shown in Figure 

110 3) to leave a lead film of 0.02 mm thick. A lead 
zirconate titanate wafer 4 having silver face 
coatings and diametrically opposed notches cut in 
its periphery as shown in Figure 2 is placed 
centrally within the counter bore 2 on the lead film 

115 and the assembly is placed in vacuum apparatus 
with the lead zirconate titanate wafer uppermost 
for effecting the bond. 

The apparatus includes a weighted vertical 
shaft'S' shown in broken line in Figure 3 and 

120 which is rotatable by means of an electric motor 
through a belt drive, and radio frequency induction 
heating coils disposed about the lower end ofthe 
shaft. The lower end ofthe shaft has diametrically 
opposed dogs 'D' and is arranged to abut the 

125 upper face ofthe wafer with the dogs in 
engagement with the notches so that the wafer 
and diaphragm are urged together whereupon 
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heating is applied. When the lead film melts the 
motor is energised and the wafer is rotated 
through a fraction of a revolution, say between a 
third and a half revolution, to wipe the contacting 

5 surfaces together. After rotation of the wafer, 
heating is withdrawn and the bonding alloy 
allowed to solidify before pressure is removed 
from the wafer. 

The combination of pressure and wiping action 
10 provides a bond with a very thin layer of alloy 

which is generally uniformly distributed over the 
face of the wafer so that transducers having 
uniform sensitivities can Be produced. The bonds 
are capable of withstanding conditions of 

15 temperature up to 3 0 4 ° C which is the melting 
point of the lead/silver eutectic alloy produced by 
the bond. 

It has been found that silver coatings of about 
4 0 microns thick will withstand the wiping action 

2 0 and will provide good bonds consistently. The 
thickness of the wafer is largely dependent on its 
operational frequency so for higher frequencies 
where the wafers are relatively thin and difficult to 
engage for rotation, it is envisaged that square 

2 5 wafers or generally circular wafers with opposed 
flats would be suitable. 

CLAIMS 
1. A method of making an ultrasonic transducer 

wherein piezo-electric material having metallic 
3 0 face coatings is bonded to a nickel diaphragm with 

lead under vacuum conditions characterised by an 
intermediate step of urging the bonding surfaces 
together and simultaneously effecting relative 
sliding displacement of the surfaces whilst the 

3 5 bonding leacf is molten. 
2 . A method according to claim 1 comprising 

the steps of at least partially coating a nickel 
diaphragm with lead, urging a wafer of lead 
zirconate titanate having silver face coatings and 

4 0 the lead coating together, heating by radio 
frequency induction means to melt the lead 
coating, rotating the wafer of lead zirconate 
titanate relative to the diaphragm through a 
fraction of a revolution and allowing the resultant 

4 5 lead/silver bonding alloy to solidify. 
3. A method according to claim 2 wherein the 

nickel diaphragm is prepared by a preliminary step 
consisting in heating the diaphragm under vacuum 
at 4 0 0 ° C to 500°C to remove microscopic 

5 0 surface contaminates. 
4. A method of making an ultrasonic transducer 

substantially as hereinbefore described with 
reference to the accompanying drawings. 

Printed for Her Majesty's Stationery Office by the Courier Press, Leamington Spa, 1980. Published by the Patent Office, 
25 Southampton Buildings, London, WC2A1 AY, from which copies may be obtained. 


