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(87) Abstract

The invention relates to an impulse sound traducer for the
ultrasonic range. Transducers in prior art require complicated and
expensive technology in order to really generate good impulses.
The invention aims at providing a sound transducer for the
ultrasonic range, which transmits strong and short impulses, has
high sensitivity and ensures repeatability of parameters. This is
achieved by a sound transducer for the ultrasonic range that is
used both as a transmitter and as a receiver and is comprised
of an elementary block made of piezoelectric material, wherein
the height of the elementary blocks consisting of piezoelectric
material is bigger than its width and the block on the output end
of the impulse has a formed edge so that the elementary block
has a T-shape in the longitudinal section, wherein one electrode
is provided on the outlet surface while the other electrode extends

above the edge on the block.

| (57) Zusammenfassung

Die Erfindung bezieht sich auf einen Impulsschallwandler
im Ultraschallbereich. Wandler der bekannten Bauart verlangen
aufwendige und damit kostspielige Technologie, falls sie wirklich
gut Impulse generieren sollen. Aufgabe der Erfindung ist, einen
Schallwandler fiir den Ultraschallbereich zu schaffen, der starke
und kurze Impulse aussendet, eine grofle Empfindlichkeit aufweist
und eine Wiederholbarkeit der Parameter garantiert. Diese Auf-
gabe wird durch einen Schallwandler fiir den Ultraschallbereich
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| Vor Ablauf der fiir Anderungen der Anspriiche zugelassenen

(54) Title: IMPULSE SOUND TRANSDUCER WITH AN ELEMENTARY BLOCK MADE OF PIEZOELECTRIC MATERIAL

(54) Bezeichnung: IMPULS-ULTRASCHALLWANDLER MIT EINEM ELEMENTARBLOCK AUS PIEZOELEKTRISCHEM MATE-

zum Einsatz sowohl als Sender wie auch als Empfianger mit einem Elementarblock aus piezokeramischem Material erreicht, wobei die Hohe
des aus piezoelektrischem Material bestehenden Elementarblocks grofler ist als dessen Breite und der Block am Austrittsende der Impulse
| einen angeformten Bund aufweist, so da der Elementarblock im Léngsschnitt eine T-Form aufweist, wobei die eine Elektrode auf der

Austrittsfliche vorgesehen ist, wihrend die andere oberhalb des Bundes an dem Block verlauft.




AL
AM
AT
AU
AZ
BA
BB
BE
BF
BG
BJ
BR
BY
CA
CF
CG
CH
CI
CM
CN
CU
CZ
DE
DK
EE

Codes zur Identifizierung von PCT-Vertragsstaaten auf den Kopfbégen der Schriften, die internationale Anmeldungen geméss dem
PCT verdffentlichen.

Albanien

Armenien

Osterreich

Australien
Aserbaidschan
Bosnien-Herzegowina
Barbados

Belgien

Burkina Faso
Bulgarien

Benin

Brasilien

Belarus
Kanada

Zentralafrikanische Republik

Kongo

Schweiz
Céte d’Ivoire
Kamerun

China
Kuba

Tschechische Republik

Deutschland
Dinemark

Estland

ES

FI

FR
GA
GB
GE
GH
GN
GR

IE
IL
IS
IT
JP

KG

LC
LI

LK
LR

Spanien

Finnland
Frankreich

Gabun

Vereinigtes Konigreich
Georgien

Ghana
Guinea

Griechenland

Ungarn
Irland
Israel
Island
Italien
Japan
Kenia

Kirgisistan
Demokratische Volksrepublik

Korea

Republik Korea
Kasachstan
St. Lucia

Liechtenstein
Sri Lanka

Liberia

LS
LT
LU
LY
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
NZ
PL

RO
RU
SD
SE
SG

CA 02366956 2001-10-16

LEDIGLICH ZUR INFORMATION

Lesotho

Litauen
Luxemburg
Lettland

Monaco
Republik Moldau
Madagaskar

Die ehemalige jugoslawische
Republik Mazedonien

Mali
Mongolei
Mauretanien
Malaw1i
Mexiko
Niger
Niederlande
Norwegen
Neuseeland
Polen
Portugal
Rumanien
Russische F&deration
Sudan
Schweden
Singapur

SI
SK
SN
SZ
TD
TG
TJ
™
TR
TT
UA
UG
US

UZ

YU
ZW

Slowenien

Slowakei

Senegal

Swasiland

Tschad

Togo

Tadschikistan
Turkmenistan

Tiirke:

Trinidad und Tobago
Ukraine

Uganda

Vereinigte Staaten von
Amerika

Usbekistan

Vietnam

Jugoslawien
Zimbabwe




gCT1 15 2001 11:28 K.F.ROSS P.C. 718 601 10983

22037

10

15

20

CA 02366956 2001-10-16

Transl. of PCT/EP00/03485

[TRANSLATTI O NJ

The invention relates to a pulse-sound transducer in the
ultrasonic range. Such transducers are necessary in various fields
technolegy in which short pulses are necessary. As a first case

there is defectoscopy which includes sonography in the field of

medicine.

The classical construction of such a transducer comprises
a plane parallel plate of piezoelectric material which has on the
two broad upper and lower sides respective electrodes whereby the
plate can be pclarized perpendicularly to the sides which are
coveraed with electrodes. This plate is cemented to a block which
damps the ultrasonic waves and has an acoustic impedance which 1is
matched to the piezo plate. On the output side so-called matching
layers are provided which afford reflection-free sound transfer and
with pulse operation can produce very short sound pulses.
Transducers of this type belong to the known state of the art and a

good discussion thereof and the problems arising therewith, for
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example found in the book of M. G. Silk, Ultrasonic Transducers for

Nondestructive Testing, Adam Hilger 19584.

Transducers of the known type of construction require
expensive technoclogy and thus are costly where they are required to
5 generate good pulses effectively. Furthermore, the known
transducers are relatively thick (at least 5 mm) and it is thus
practically impoasible to fabricate them for frequencies greater
than 30 MHz. In addition, with pulsed excitation, only relatively
long pulses can be generated which have drawbacks for measurement
10 purposes. A further disadvantage is that they are not suitable for

automatic mass production and also in that their parameters cannot

be maintained within a narrow tolerance range.
Relatively good pulse shapes and also good
reproducibility require transducers with lens-shaped elemental
15 blocks which, however, produce only weak signals and theze are
significantly less sensitive in comparison to classical

transducers. The same drawbacks have also been found for
tranaducers which, because of special electrode configurationsg or
inhomogeneous polarization of the piezo element, are capable of

20 supplying relatively short signals.
The object which is laid out for the present invention 1is

to provide a sound transducer for the ultrasgonic range which can
emit strong and short pulses, has a high sensitivity and which can

guarantee reproducibility of the parameters 1n serial production.

25 The object which has been set out is achieved accordance to the
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ihvention with a pulse sound tramnsducer containing the features
characterizing part of claim 1.

The block which is T-shaped in longitudinal section, can
have a column shape, cone shape or pyramid shape with round, oval
or polygonal cross section and 18 so dimensioned that a damping of
the waves is effected which move within the interior of the column
80 as to prevent a reflection within the interior of the column at
the free column wall and thus the emission of an after oscillation
which can result in deterioration of the pulse quality. As a
result additional damping means can be avolded. In addition the
production of the transducer as a mass produced article is greatly
facilitated by eliminating the additional damping means and the
adhesive connection thereto. Essential for the invention is the
formation of shoulders on the block to form the elementary cell.
This ahaping of the block and the selected proportions and the
arrangement of the electrodes, which are disposed on the ocutput
surface and around the bleck above the shoulder, are decisive for
the base oscillation which is thus of three dimensional
configuration.

It ia also important that, as a consequence of the
construction of the elementary cell in accordance with the
invention, that the electric field is closed within the elementary
cell and thus such that a stronger pulse can be sent ocut. The base
polarization direction of the pliezo material should be

perpendicular to the foot surface and thus the ocutput surface for

the pulses of the T-shaped elementary cell.
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It has been found that it is especially advantageous for
the following dimensional ratio be maintained, namely, a/b/h =
1/4-6/10, where a is the thickness of the shoulder, b the diameter
of the block or its width and h is the height of the elementary
cell. The size ratio of the sound generating element, here the
elementary cell, is of aspecial significance for all sound wave
generating construction as examples from the music world show.
Thus the violin, the viocla, the cello and the contrabass gensrate
different highs and lows of tonality based upon theilr different
size proportions. It has also been found that an additiocnal radial
polarization by the application ¢of a high voltage can improve the
strength of the pulses. The highest probability is that this
pclarization utilizes the additional piezo effect advantageously.

Further details of the invention are explained on the

bagis of the accompanying drawing. That shows:

FIG. 1 a perspective illustration of the elementary
cell,

FIG, 2 the shape of the pulse,

FIG. 3 the electric field within the elementary cell.

FIG. 1 shows the elementary cell in a perspective
illustration. It is comprised of a block 2 and a shoulder 3 formed
thereon. The shoulder projects ocutwardly beyond the block. In the
illustrated configuration, the elementary cell 1 is of triangular
shape in section and it can however alsoc assume another shape. It
can be round, oval and polygonal with the upwardly-turned tip

running into a cone or pyramid. The cne electrode 4 is arranged on
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the planar output surface for the pulses while the other electrode
5 extends laterally along the block 2. It is not required to have
the electrode 5 extend around the entire block or that the lower
electrcde cover the entire lower surface.

The thickness of the shoulder haa been designated with a,
the height of the block with b, the width of the block with ¢ and
the total height of the elementary cell with h. The active regiocn
of the elementary cell is found in the lower region of the block
and within the shoulder. As has already been indicated, the
proportions of the elementary cell are of essential significance.
It has been shown that the thickness c¢f the shoulder in proportion
to the height of the block of piezo electric material to the total
height, thus a/b/h should be held in the ratio 1/4-6/10 to produce
optimal results. Optimal results means that strong and short
pulses are emitted and the transducer has a high sensgitivity. 1In
FIG. 2 the pulse curve achieved with the socund transducer of the
invention has been shown.

The T shape of the elementary cell 1 according to the
invention is of very great significance since it enables enclosure
cf the electric field between the electrcdes within the elementary
cell. In FIG. 3 an image of the electric field in the elementary
cell is reproduced. As can be seen from it, this electric field
runs only within the elementary cell of the transducer. This shape
enables, in addition, a volume oscillation and thus of waves which

are directed upwardly (see FIG. 1) and thus so damps the surface
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travelling counter to the pulse output surface that they no longer
can be reflected at the upper end of the elementary cell.

Of greater significance are the proportions of the
elementary cells already indicated. The ratio of the individual
parts of the elementary cell have already been given. The height
of the cell h should be at least 10 times greater than the height
of the shoulder a. The actual dimensions can, for example, have
the following values: a = 0.2 mim, b = 1 mm and h = 2 mm. Such a
transducer produces pulses which are 20 ns long and has as a
receiver, a band width of 4 - 35 MH=z.

wWith the transducer according to the invention with the
mentioned proportions, the ultrasonic surface which travel upwardly
in the drawing are totally damped. The complete transducer must
not be thicker than 2 mm. It is thus possible to make it
significantly thinner when the elementary cell is 8o constructed
that i1t forms a point tapered upwardly which particularly
advantageocusly damps the waves travelling in this direction.

It is also significant that with the selected dimensional
size propoertions, the components of the electric field which are
parallel to the foot of the elementary cell 1 and thus the
transverse beam ¢f the T are comparable with the components
perpendicular thereto.

As a consequence of this fact, all plezo coefficients of
the piezo materilal play a role of substantially the same

significance. The result ia a volume oscillation of the active

region ¢of the eslementary cell which because of i1ts shape and the
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targeted application of the electrodes gives rise to a supplemental
polarization in the radial direction. The supplemental
polarization, following fabrication of the transducer or the
elementary cell results from the application of a relatively high

5 voltage at its electrodes. This type of oscillation apparently
enables a better utilization of the piezo effect and also
influences the damping of the rearwardly traveling waves. The

characteristics of the transducer according to the invention are

thus determined only if the characteristics of the selected piezo

10 electric material and the precision of the shape of the elementary
cell, i.e. in other words the transducer according to the invention
can be manufactured with a very gocd reprocducibility. Transducers
of this type can contain one or more elementary cells which can be
connectad together.

15 The transducer according to the invention is capable of

producing very short and very strong pulses which cannot be

achieved with other transducer construction. The amplitude of the

produced pulse is at least twice as great as with classical
transducers. Its sensitivity is comparable with claassical

20 constructions. The transducer according to the invention can be
either prcduced with significantly lower cost and over all can be

used wherever classical transducer types can be employed.

In summary it can be said that with the transducer

according to the invention by comparison to other nonclassical

25 construction, a significant increase in the effectivity can be

achieved since no losses arise in the electric field externally and
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all undesired sound waves are subjected to a practically complete
damping without the use of a large ceramic thickness or another
damping body. By comparison to the classical constructions, the
pulse length is shorter and the amplitude is greater. None of the

5 known constructions can be fabricated more easily.
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Patent Claims

1. A pulse sound transducer for the ultrasonic range for
usa either as a transmltter or as a receiver with an elementary
block composed of piezoelectrilic material,

characterized in that,

the height of the elementary block composed of
piezcelectric material of the transducer is greater than its width
and the block at the output end for the pulse has a shoulder so
formed thereon that a smooth output surface is formed for the sound
wave, and in longitudinal sections has a T-shape, whereby the base
polarization runs perpendicularly to the output surface and the one
electrode is provided on the output surface while the other runs

above the shoulder on the block.

2. The pulse sound transducer according to claim 1,

characterized in that,

the block is configured as a round or pelygonal column,
cone or pyramid and the shoulder is matched thereto

correspondingly.

3. The pulse sound transducer according to claim 1 or 2,

characterized in that,

.11
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3 the proportions of the elemental sell are selected as

4 follows:

5 a/b/h = 1/4-6/10, whereby a is the thickness of the

6 shoulder, b the diameter or the width of the block and h the height
7 of the total cell.

n b W N -

4. The pulse sound transducer according toc one or more

of the preceding claims,
characterized in that,

the elementary cell after shaping has an additional
radial peoclarization by the application of a high voltage.

S. The pulse sound transducer according to one or more

of claims 1 to 4,

characterized in that,

the transducer is assembled from a Plurality of
elementary cells, whereby the cells have electrodes around the

columns or the like longitudinal structures, although the totality

of the cells has an electrode on the total output surface for the

pulses.

MW VIRLY & o/ YT, Ml et bl s st e s Al
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