
Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art.
99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

Europäisches Patentamt

European Patent Office

Office européen des brevets

(19)

E
P

1 
21

8 
11

5
B

1
*EP001218115B1*
(11) EP 1 218 115 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention
of the grant of the patent:
16.02.2005 Bulletin 2005/07

(21) Application number: 00945113.9

(22) Date of filing: 30.06.2000

(51) Int Cl.7: B06B 1/06, G10K 11/30

(86) International application number:
PCT/US2000/018266

(87) International publication number:
WO 2001/003108 (11.01.2001 Gazette 2001/02)

(54) ULTRASONIC LINEAR OR CURVILINEAR TRANSDUCER AND CONNECTION TECHNIQUE
THEREFORE

GERADER ODER GEKRÜMMTER ULTRASCHALLWANDLER UND ANSCHLUSSTECHNIK DAFÜR

TRANSDUCTEUR ULTRASONORE LINEAIRE OU COURBE ET TECHNIQUE DE CONNEXION
ASSOCIEE

(84) Designated Contracting States:
AT BE CH CY DE DK ES FI FR GB GR IE IT LI LU
MC NL PT SE

(30) Priority: 02.07.1999 US 142059 P

(43) Date of publication of application:
03.07.2002 Bulletin 2002/27

(73) Proprietors:
• Prosonic Company Ltd.

Kyongju-shi, Kyongbuk (KR)
• Douglas, Steve

Cary, NC 27511 (US)
• Ogawa, Shinji

Morrisville, NC 27560 (US)

(72) Inventors:
• DOUGLAS, Steve

Cary, NC 27511 (US)

• OGAWA, Shinji
Morrisville, NC 27560 (US)

(74) Representative: Henningsson, Gunnar et al
AWAPATENT AB,
Box 45086
104 30 Stockholm (SE)

(56) References cited:
US-A- 3 387 604 US-A- 4 217 516
US-A- 4 699 150 US-A- 5 296 777
US-A- 5 774 960 US-A- 5 792 058

• PATENT ABSTRACTS OF JAPAN vol. 013, no.
216 (E-760), 19 May 1989 (1989-05-19) & JP 01
027400 A (NIPPON DEMPA KOGYO CO LTD), 30
January 1989 (1989-01-30)



EP 1 218 115 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

FIELD OF INVENTION

[0001] The present application is generally directed to
the field of linear or curvilinear ultrasonic transducers,
particularly those used in medical imaging.

BACKGROUND OF THE INVENTION

[0002] Ultrasonic imaging has been utilized for a
number of years in the medical field. Linear and curvi-
linear ultrasonic transducers are used to produce visual
images of features within a patient's body. Such ultra-
sonic imaging transducers are also used in other fields.
However, medical imaging is perhaps the best known
use of such transducers.
[0003] Typically, an ultrasonic transducer for produc-
ing visual images of features inside the body includes
an array of ultrasonic elements which may be driven by
a desired excitation and/or receive ultrasonic reflections
obtained from various features of interest.
[0004] As technology progresses, there has been an
increasing need to produce ultrasonic images having
enhanced resolution. There is also, of course, a desire
to produce ultrasonic transducers producing not only
better images, but exhibiting greater reliability and ease
of manufacture.
[0005] In a typical ultrasonic transducer array, a pie-
zoelectric crystal is driven by a voltage applied across
first and second piezoelectric electrodes. Such an ultra-
sonic transducer is generally formed of a piezoelectric
crystal that is provided with first and second piezoelec-
tric electrodes to form a electrode crystal assembly. This
electrode crystal assembly is then fastened to a back-
ing, and the piezoelectric crystal with its associated pi-
ezoelectric electrodes is then cut transversely into indi-
vidual electrode elements extending along a longitudi-
nal direction.
[0006] One of the limiting factors in manufacturing
such piezoelectric ultrasonic transducers is that, as
transducer elements size decreases, the difficulty in af-
fixing contact wiring to the transducer increases. Such
contact wiring is needed to connect the acoustic trans-
ducer with its associated drive or sensing circuitry.
[0007] US-A-5 774 960 describes a way to affix con-
tact wiring and discloses (see fig. 5 and 15) a transducer
with multiple piezoelectric elements, two electrode lay-
ers made by forming isolation gaps in a single circum-
ferential layer and a connection structure to connect
these two electrode layers on two sides of the piezoe-
lectric crystal.

SUMMARY OF THE INVENTION

[0008] According to the teachings of the present ap-
plication, a double sided flexible circuit, flex circuit or
connector is used to contact both of the electrodes used

to drive or sense a vibration within the piezoelectric crys-
tal. According to the teachings of the present applica-
tion, the first and second piezoelectric electrodes are
connected to the flexible double sided circuit or connec-
tor either by soldering the flexible double sided connec-
tor to the piezoelectric electrodes or alternatively
through the use of anisotropic conductive adhesive.
When the flexible double sided connector is bonded to
the piezoelectric electrodes, a fillet in the bonding ma-
terial is used to strengthen the connection. In the case
of a soldering method, this fillet would of course be a
solder. However, this fillet could additionally be formed
of a conductive epoxy by screen printing or another
process. Anisotropic conductive adhesive may also be
used to connect the flexible connector to the transducer.
[0009] In one preferred embodiment, one of the first
and second connector conductors is a common conduc-
tor commonly connected to all of either the first and sec-
ond piezoelectric electrodes. The second connector
conductor is, in this case, however, constructed of a plu-
rality of individual conductors each connected to an in-
dividual piezoelectric transducer element. In an alterna-
tive embodiment, individual grounds are used and ac-
cessed to individually drive or sense from each of the
piezoelectric transducer elements. Thus, both sides of
the flexible double sided connector contains individual
electrodes for connecting to each of the piezoelectric el-
ements.
[0010] In yet another embodiment, piezoelectric
transducer element density can be increased by utilizing
two flexible double sided connectors, connecting to the
piezoelectric electrodes of the piezoelectric crystal from
two sides. This enables each connector conductor of the
double sided flexible connector to access only every
other piezoelectric transducer element, thereby increas-
ing the spacing or pitch of the conductive wirings pro-
vided on the flexible double sided connector to enable
the pitch of the individual conductors on each flexible
double sided connector to be reduced. Thus, the relative
spacing of each connector wire as compared to its trans-
ducer element is increased. This can be done in two
ways. Registration can be maintained between the first
and second conductive contacts so that the two contacts
of a single piezoelectric element are addressed from a
single flexible circuit or double sided connector. Alter-
natively, it may be desirable to offset the first and second
sides from each other in a single flexible double sided
connector, so that each circuit element is contacted us-
ing a first flexible double sided connector and the sec-
ond terminal is contacted using a second flexible double
sided connector.
[0011] Through the use of individual grounds in ac-
cordance with the teachings of the present application,
alternative piezoelectric elements may desirably have
their grounds on opposite planes of the piezoelectric
crystal. This may serve to reduce noise, for example,
depending upon the driving system employed.
[0012] There are several other features of the present
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application which result in improved transducer. A con-
cave lens having a transmission velocity substantially
greater than water may be used to focus the transducer,
particularly in the transverse direction. This lens is con-
structed in the preferred embodiment of an epoxy hav-
ing a transmission velocity of greater than 1700 m/sec.
In contrast, water has a transmission velocity of about
1500 m/sec. A shielding layer is desirably deposited out-
side of the piezoelectric crystal, associated matching
layers, and acoustic lens. This shielding layer reduces
electromagnetic interference as well as electrically
shielding the patient from the sensor. By properly sizing
the thickness of the shielding layer, the shield may at-
tenuate electromagnetic radiation interference without
substantially attenuating ultrasonic signal sensitivity.
Desirably, this shield layer is vapor deposited to provide
100% coverage of the top surface and side walls of the
transducer. The transducer of the present application
further includes distended portions of the acoustical el-
ement, shielding layer and protective cover which ex-
tend over the side walls of the piezoelectric crystal and
matching layers to protect the seams there between, in-
cluding the adhesive binding the piezoelectric crystal to
the backing and matching layer.
[0013] It should be apparent that the above features
and advantages of the present invention filed from the
preferred embodiments set forth here and below, as
may be understood from the following description and
accompanied drawings which illustrate exemplary em-
bodiments of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

FIG. 1 is a cross-section of an exemplary transduc-
er produced according to the teachings of the
present invention.
Figure 1A is a schematic illustration of a linear ul-
trasonic transducer used to explain the nomencla-
ture used in such devices.
Figure 1B is an alternative construction of the pie-
zoelectric crystal 12 and piezoelectric electrode 18,
20 otherwise usable in the embodiment of Figure 1.
FIG. 2 is an enlargement of a portion of the Figure
1 illustration, better illustrating the connection of the
flexible double sided connector to the piezoelectric
crystal in accordance with the teachings of the
present application.
FIG. 3 is a partial plan view of the underside of the
piezoelectric crystal 12 and piezoelectric electrodes
18, 20, illustrating one example of the connection
of the flexible double sided connector thereto.
FIG. 4 is an alternative embodiment showing anoth-
er example of the connection of the flexible double
sided connector to the piezoelectric crystal and its
associated piezoelectric crystal elements.
Figure 5 is still another embodiment of the connec-

tion of the flexible double sided connector 22 to the
piezoelectric crystal and its associated elements. In
this embodiment, two double sided flexible connec-
tors are utilized so that the pitch or separation be-
tween the wirings of adjacent connectors can be in-
creased.
FIG. 6 is a schematic illustration of a plurality of pi-
ezoelectric crystal transducer elements connected
to plural wires of the first connector conductor, fur-
ther illustrating the voltage pluralities supplied to the
first and second piezoelectric electrodes of each pi-
ezoelectric crystal transducer element.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0015] Figure 1A is a schematic illustration of a linear
ultrasonic transducer including plural ultrasonic trans-
ducer elements 10a-k. This figure is primarily provided
in the specification of the present application in order to
define the terms longitudinal and transverse as used
throughout the specification of the present applications.
The term longitudinal is used to describe the direction
along the length of the linear or curvilinear ultrasonic
transducer 10 while the transverse direction is orthogo-
nal thereto. While this figure illustrates a linear ultrason-
ic transducer, the transducer, within the contemplation
of the present application, may curve in either the trans-
verse or longitudinal direction to produce a curvilinear
array.
[0016] Referring now to Figure 1 of the present appli-
cation, a piezoelectric crystal 12 is coated with a suitable
conductor, for example copper, to produce a conductive
coating 14. This conductive coating 14 is formed into
first and second piezoelectric electrodes 18, 20 in order
to produce a piezoelectric crystal 12 sandwiched by first
and second piezoelectric electrodes 18, 20. Insulative
gaps 16 are provided to divide the conductive coating
14 into the first and second piezoelectric electrodes 18,
20. Insulative gaps 16, 17 may be formed by any suita-
ble process including dicing or etching.
[0017] In the embodiment of Figure 1, the first and
second piezoelectric electrodes 18, 20 are formed by
completely coating the four sides of the piezoelectric
crystal 12 with conductive material separated only at the
ends in the longitudinal direction and divided by first and
second insulation gaps 16, 17 by any substitute proc-
ess. As an alternative, referencing Figure 1B, only a sin-
gle insulative gap 16 may be used, the first and second
electrodes being otherwise separated by omitting a con-
ductive coating from one side 19 to produce an insula-
tive gap.
[0018] According to the teachings of the present ap-
plication, a flexible double sided circuit or connector 22
is used to connect the piezoelectric transducer elements
10a-k to suitable drive or sensing circuitry as would oc-
cur to one of ordinary skill in the art. As may be better
seen in Figures 3-5, the piezoelectric crystal 12 and its
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conductive coating 14 are typically diced to formed dic-
ing gaps 15 which in turn produce the plural ultrasonic
transducers elements 10a-k extending along the longi-
tudinal axis of the transducer 10. This technique is gen-
erally well known in the art and is normally performed
after the conductively coated piezoelectric crystal 12 is
bonded to a backing 30 by a suitable adhesive 31 or
alternating to a matching layer 32, 33.
[0019] In accordance with the teachings of the
present application, prior to the bonding of the conduc-
tively coated piezoelectric crystal to the backing, a flex-
ible double sided connector 22 is affixed to the piezoe-
lectric crystal 12 and its associated electrodes 18, 20 as
will be described below. After this bonding step is com-
pleted, a suitable adhesive 31 is used to bond the con-
ductively coated piezoelectric crystal 12 to the backing
30.
[0020] The structure of the transducer of the present
application further includes an inner matching layer 32
and outer matching layer 33. A acoustical focusing ele-
ment 34 is further provided, the acoustical focusing el-
ement 34 including lamination protecting portions 34P
extending around the periphery of the inner and outer
matching layer 32, the conductively coated piezoelectric
crystal 12, and all or part of the backing layer 30. In this
way, the lamination protecting portion 34P of the acous-
tical focusing element 34 provides mechanical and
moisture protection to the transducer structure to pre-
vent layer separation.
[0021] The acoustical focusing element 34 of the
present application is a concave lens having a acousti-
cal velocity greater than that of water. In the preferred
embodiment, the acoustical focusing element 34 is a
concave lens formed of an epoxy or urethane having a
transmission velocity of greater than 1700 m/sec and
preferably about 2000 m/sec. This is compared to a typ-
ical acoustical transmission velocity of 1500 m/sec for
water. Since the acoustical transmission velocity of the
concave lens is greater than that of water, the concave
lens will have the effect of focusing the acoustical ener-
gy to a focal point defined by the concave lens curvature.
[0022] According to the teachings of the present ap-
plication, a shielding layer 36 is provided by vapor dep-
osition of a suitable metallic electromagnetic shield on
the top surface side walls and end walls of the transduc-
er array. This shielding layer 36 improves sensing accu-
racy by reducing the transducers sensitivity to electro-
magnetic interference and further isolates the patient
from the transducer array. The shielding layer 36 also
provides an effective moisture barrier to prevent delam-
ination or other moistures related damage to the trans-
ducer layer structure.
[0023] A protective cover 38 is further laminated over
the shielding layer 36. The protective cover 38 also cov-
ers the layering of the transducer, providing further
moisture and mechanical protection thereto.
[0024] The specific details of the flexible double sided
connector used in accordance with the teachings of the

present application are better illustrated with reference
to Figure 2 which is a magnified partial view of the struc-
ture of Figure 1. The flexible double sided connector or
circuit 22 is preferably formed of a flexible non-conduc-
tive substrate 24, in the preferred embodiment a poly-
imide film such as that marketed under the trademark
Kapton by E.I. Dupont Co., or an equivalent film. Suita-
ble first and second connector conductors 26, 28 are
provided on opposed sides of the flexible insulated sub-
strate 24. In the preferred embodiment, a suitable wiring
pattern, as described in further detail with reference to
the remainder of the specification, is provided on one or
both sides of this flexible double sided connector.
[0025] Prior to fastening the flexible double sided con-
nector 22 to the conductively coated piezoelectric crys-
tal 12, the end of the flexible double sided connector 22
is prepared for affixing through stepping the respective
first connector conductor 26, flexible insulated substrate
24, and second connector conductor 28 so that a portion
of each of these layers is presented on a single side of
the flexible double sided connector 22. As can be seen
from Figure 2, a portion of the second connector con-
ductor 28 extends beyond both the first connector con-
ductor 26 and the flexible insulative substrate 24 to form
an exposed second contact 28E. In similar fashion, the
flexible insulative substrate 24 along with the second
connector conductor 28 extend beyond the first connec-
tor conductor 26 to form an exposed gap insulating por-
tion 241. Naturally, a portion of the first connector con-
ductor 26 remains exposed and forms an exposed first
contact 26E.
[0026] The flexible double sided connector 22 is then
conductively affixed to the first and second piezoelectric
electrodes 18, 20 by any suitable conductive bonding
material. This is accomplished by aligning the exposed
gap insulating portion 241 with one of the insulative gaps
16. The exposed first contact 26E is then bonded to the
first piezoelectric electrode 18 with a first conductive
contact bond 40 while the exposed second contact 28E
is bonded to the second piezoelectric electrode 20 with
a second conductive contact bond 41.
[0027] In accordance with one preferred embodiment
of the present application, the first and second conduc-
tive contact bonds 40,41 are accomplished by use of a
metallic solder. However, according to an alternative
embodiment of the present applications, an anisotropic
conductive adhesive can be used to produce the first
and second conductive contact bonds 40, 41. It should
be noted that the first conductive contact bond 40 pref-
erably includes a connection strengthening fillet 42
which, in a solder construction extends up at least a ma-
jor portion of the side wall of the conductively coated
piezoelectric crystal 12. This fillet provides a strength-
ening to the connection between the flexible double sid-
ed connector 22 and the conductive coating 14.
[0028] The flexible double sided connector 22 is nor-
mally fastened to the conductively coated piezoelectric
crystal prior to assembly of the remainder of the device.
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The piezoelectric crystal is then attached to the backing
30 by a suitable adhesive 31 and the remainder of the
transducer is formed as would occur to one of ordinary
skill in the art. Of course, the formation of the linear ul-
trasonic transducer requires the construction of plural
ultrasonic transducer elements 10a-k as shown in Fig-
ure 1. Typically this is produced by dicing the piezoelec-
tric crystal after mounting to the backing. Thus, individ-
ual electrodes formed as part of the first or second con-
nector conductors are aligned to connect to specific ul-
trasonic transducer elements 10a-k. Dicing is normally
performed after the flexible double-sided connector 22
is attached. Thus, the end of the double sided flexible
connector 22 is normally also diced.
[0029] The use of a flexible double-sided connector
22 allows considerable flexibility in the manner in which
connections to the linear ultrasonic transducer 10 are
arranged. Figure 3 illustrates a first example of connec-
tion to the individual ultrasonic transducer elements
10a-10d through the use of a flexible double-sided con-
nector 22. Figure 3, as well as Figures 4 and 5, illustrate
the underside of the conductively coated piezoelectric
crystal and the manner in which the flexible double-sid-
ed connector 22 and its individual conductors are affixed
thereto.
[0030] In the example of Figure 3, the first connector
conductor 26 is commonly connected to all of the ultra-
sonic transducer elements 10a-d as a first common or
ground conductor 26C which is, in turn, connected to
each of the first transducer element electrodes 18a-d.
Thus, in this embodiment, the first transducer element
electrodes 18a-d are commonly connected. The second
connector conductor 28 then uses individual second in-
dividual connector conductors 28a-d to connect to the
second transducer electrode elements 20a-d. Note that
the insulative gap 16 is bridged by a exposed insulating
portion 241 of the flexible insulative substrate 24. In this
manner, individual second transducer electrode ele-
ments 20a-d are individually accessed while the first
transducer element electrodes 18a-d are commonly
connected. Of course, this arrangement could be re-
versed, in accordance with the teachings of the present
application, and individual first transducer element elec-
trodes 28a-d could be used to access the first transduc-
er element electrodes 18a-d while a common ground
conductor could be used to collectively contact the sec-
ond transducer element electrodes 20a-d.
[0031] Note that the Figure 3 embodiment contem-
plates that the flexible double-sided connector 22 will
access the ultrasonic transducer from its edge, enabling
the generation of a connection strengthening fillet 42.
However, it is also possible for the flexible double-sided
connector 22 to approach the gap 16 from the other di-
rection, from the direction of the center of the transducer
array, within the teachings of the present application.
[0032] Figure 4 illustrates an alternative embodiment
where both the first and second individual connector
conductors 26a-d and 28a-d each individually contact

individual first and second transducer element elec-
trodes 18a-d, 20a-d. Thus, in the embodiment of Figure
4 no common electrode is used for certain advanta-
geous reasons. Otherwise, the embodiment of Figure 4
is substantially identical to the embodiment of Figure 3.
[0033] Figure 5 illustrates another alternative embod-
iment of the transducer connection of the present appli-
cation. In Figure 5, first and second flexible double sided
connectors 22a, 22b are collectively used to access the
individual ultrasonic transducer elements 20a-e. As the
size of individual ultrasonic transducer elements de-
creases, the size of the individual connector conductors
26a-k, 28a-k creates increasing problems, not only due
to shrinkage of the connector lithography, but also due
to registration problems. These problems can be greatly
reduced by only connecting to every other ultrasonic
transducer element using a single flexible double sided
conductor 22a or 22b. Thus, in the embodiment of Fig-
ure 5, the first connector conductor 26 of the first double
sided conductor 22a connects only to odd first individual
connector conductors 26a, 26c, 26e, while the second
connector conductor 28 of the first double sided conduc-
tor 22a connects to only even first individual connector
conductors 26b, 26d. Similarly, the first connector con-
ductor 26 of the second double sided conductor 22b
connects only to even first individual connector conduc-
tors 26b, 26d, while the second connector conductor 28
of the second double sided conductor 22b connects to
only odd first individual connector conductors 26a, 26c,
26e.
[0034] In a two double sided conductor embodiment,
there are two principal alternatives, In the embodiment
shown in Figure 5, the second connector conductor con-
nects to different ultrasonic transducer elements than
are connected to by the first connector conductor 26.
Thus, whereas the first connector conductor 26 of the
first flexible double sided conductor 22a connects to odd
ultrasonic transducer elements 10a, 10c, 10e, the sec-
ond connector conductor in the embodiment of Figure
5 connects to even ultrasonic transducer elements 10b,
10d. The same is true of the second flexible double sid-
ed connector 22b in which the second connector con-
ductor 28 connects to odd second individual connector
conductors 28a, 28c, 28e. Of course, the relationship
between the first and second connector conductors 26,
28 may be reversed in accordance with the teachings
of the present invention so that the first flexible double
sided connector 28a has first and second connector
conductors 26, 28 which both connect to odd ultrasonic
transducer elements 10a, 10c, 10e while the corre-
sponding first and second connector conductors 26, 28
of the second flexible double sided conductor 28b con-
nect to even ultrasonic transducer elements 10b, 10d.
Either of these solutions provides substantial advantag-
es in increasing transducer element density, thereby en-
abling increased imaging resolution.
[0035] Figure 6 shows a further alternative embodi-
ment of the present application where the first connector
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conductors 26 and second connector conductors 28
drive alternate ultrasonic transducer elements with re-
versed polarity, driving the first transducer element elec-
trodes 18a, 18c, and 18e with one polarity while driving
the first transducer element electrodes 18b, 18d with the
reversed polarity. This results in reduction of noise in the
overall device.
[0036] Although, for simplicity, the embodiments illus-
trated in the present application are linear, one dimen-
sional arrays, the principals of the present application
may also be applied to curvilinear otherwise transduc-
ers. Such curvilinear transducers may be curved in the
longitudinal or transverse direction to accomplish vari-
ous focusing objectives as would occur to one of ordi-
nary skill in the art. However, the principals of the
present application are equally applicable to such cur-
vilinear transducer arrays.
[0037] It is apparent from the foregoing description
that applicants have invented an improved transducer
array.

Claims

1. An ultrasonic transducer (10) comprising:

a piezoelectric crystal (12) divided into plural el-
ements (10a-e) extending along a first dimen-
sion;
first (18) and second (20) electrode layers
sandwiching said piezoelectric crystal (12) and
interacting with each of said plural elements
(10a-e) to transduce ultrasound;
said first and second electrode layers (18, 20)
each having electrode layer contacts (26e, 28e)
formed on a single side of said piezoelectric
crystal (12);
an isolation gap (16) provided on said single
side between said first (26e) and second (28e)
electrode layer contacts; and
a double sided flexible circuit (22) having first
(26) and second (28) conductive wirings pro-
vided on opposed sides of a dielectric flexible
substrate (24), a connection end of said flexible
circuit being connected to said first (26e) and
second (28e) electrode layer contacts;

wherein, at said connection end, said dielec-
tric flexible substrate (24) extends beyond said first
conductive wiring (26) while said second conduc-
tive wiring (28) extends beyond said dielectric flex-
ible substrate (24) so that at said connection end
said first conductive wiring (26), said dielectric flex-
ible substrate (24) and said second conductive wir-
ing (28) collectively form a stepped end structure
with both of said conductive wirings (26, 28) being
exposed on a single first side of said double sided
flexible substrate; the stepped end structure of said

first side of said double sided flexible substrate (24)
being connected to said first and second electrode
layers (18, 20) with said first conductive wiring (26)
being connected to said first electrode layer contact
(26e), said second conductive wiring (28) being
connected to said second electrode layer contact
(28e) and said dielectric layer (24) overlying said
isolation gap (16).

2. The ultrasonic transducer of claim 1 wherein said
first (26) and second (28) conductive wirings both
include individual connections (26a-d, 28a-d) for
each of said plural elements (10a-d).

3. The ultrasonic transducer of claim 1 wherein said
first conductive wiring (26) includes individual con-
nections (26a-d) for each of said plural elements
while said second conductive wiring (28) is common
for all of said plural elements (10a-d).

4. The ultrasonic transducer of claim 1 wherein an ad-
ditional isolation gap (12) is provided, and wherein
the two isolation gaps (16, 17) are positioned at op-
posing ends of said second electrode layer (20);

said double sided flexible circuit (22) including
first (22a) and second (22b) double sided flexible
circuits, each of said first (22a) and second (22b)
flexible circuits being connected across one of said
two isolation gaps (16, 17), said first (26a-e) and
second (28a-e) conductive wirings of both of said
double sided flexible circuits (22a-b) being connect-
ed to alternate one of said plural elements (10a-e)
so that all of said plural elements (10a-e) are con-
nected to one of said double sided flexible circuits.

5. The ultrasonic transducer of claim 1 wherein said
transducer is linear or curvilinear.

6. The ultrasonic transducer of claim 1 further com-
prising:

a concave acoustic lens (34) having a concave
shape in a transverse direction orthogonal to
said first direction and having an acoustic ve-
locity of greater than that of water, said acoustic
lens (34) focussing energy emitted from said pi-
ezoelectric crystal (12) at a focal point.

7. The ultrasonic transducer of claim 6 wherein the
acoustic velocity of said concave acoustic lens (34)
is greater than 1700 m/s.

8. The ultrasonic transducer of claim 7 wherein said
concave acoustic lens (34) is made of an epoxy or
urethane material.

9. The ultrasonic transducer of claim 8 wherein at least
one acoustic matching layer (32, 33) is provided be-
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tween said piezoelectric crystal (12) and said con-
cave acoustic lens (34).

10. The ultrasonic transducer of claim 6 wherein said
transducer is linear or curvilinear.

11. The ultrasonic transducer of claim 1 further com-
prising:

a backing (30);
a layer structure formed on said backing (30)
including,
said piezoelectric crystal (12),
said first (18) and second (20) electrode layers,
and
an acoustic lens (34); and
a shielding layer (36) covering substantially all
of said layer structure and extending onto said
backing (30), said shielding layer (36) providing
electronic and moisture protection to said layer
structure.

12. The ultrasonic transducer of claim 10 wherein said
acoustic lens (34) covers substantially all of said
layer structure and extends onto said backing (30)
to provide mechanical and moisture protection to
said layer structure.

13. The ultrasonic transducer of claim 11 wherein said
transducer is linear or curvilinear.

Patentansprüche

1. Ultraschallwandler (10) mit:

einem Piezokristall (12), der in mehrere sich
entlang einer ersten Dimension erstreckende
Elemente (10a-e) geteilt ist;
einer ersten (18) und einer zweiten (20) Elek-
trodenschicht, die den Piezokristall (12) sand-
wichartig einschließen und mit jedem der meh-
reren Elemente (10a-e) wechselwirken, um Ul-
traschallsignale umzuwandeln;

wobei die erste und die zweite Elektroden-
schicht (18, 20) jeweils Elektrodenschichtkontakte
(26e, 28e) aufweisen, die auf einer Seite des Pie-
zokristalls (12) ausgebildet sind;

einem auf der einen Seite zwischen dem er-
sten (26e) und dem zweiten (28e) Elektroden-
schichtkontakt angeordneten Isolationsspalt (16);

einer doppelseitigen flexiblen Schaltung (22)
mit einer ersten (26) und einer zweiten (28) leitfähi-
gen Verdrahtung, die auf gegenüberliegenden Sei-
ten eines dielektrischen flexiblen Substrats (24)
ausgebildet sind, wobei ein Verbindungsende der
flexiblen Schaltung mit dem ersten (26e) und dem

zweiten (28e) Elektrodenschichtkontakt verbunden
ist;

wobei das dielektrische flexible Substrat (24)
sich am Verbindungsende über die erste leitfähige
Verdrahtung (26) hinaus erstreckt, während die
zweite leitfähige Verdrahtung (28) sich über das di-
elektrische flexible Substrat (24) hinaus erstreckt,
so daß die erste leitfähige Verdrahtung (26), das di-
elektrische flexible Substrat (24) und die zweite leit-
fähige Verdrahtung (28) am Verbindungsende zu-
sammen eine abgestufte Endstruktur bilden, wobei
beide leitfähigen Verdrahtungen (26, 28) auf einer
ersten Seite des doppelseitigen flexiblen Substrats
freiliegen; wobei die abgestufte Endstruktur der er-
sten Seite des doppelseitigen flexiblen Substrats
(24) mit der ersten und der zweiten Elektroden-
schicht (18, 20) verbunden ist, wobei die erste leit-
fähige Verdrahtung (26) mit dem ersten Elektroden-
schichtkontakt (26e) verbunden ist, die zweite leit-
fähige Verdrahtung (28) mit dem zweiten Elektro-
denschichtkontakt (28e) verbunden ist, und die di-
elektrische Schicht (24) über dem Isolationsspalt
(16) angeordnet ist.

2. Ultraschallwandler nach Anspruch 1, wobei die er-
ste (26) und die zweite (28) leitfähige Verdrahtung
jeweils einzelne Verbindungen (26a-d, 28a-d) für je-
des der mehreren Elemente (10a-d) aufweisen.

3. Ultraschallwandler nach Anspruch 1, wobei die er-
ste leitfähige Verdrahtung (26) einzelne Verbindun-
gen (26a-d) für jedes der mehreren Elemente auf-
weist, während die zweite leitfähige Verdrahtung
(28) allen Elementen (10a-d) gemeinsam zugeord-
net ist.

4. Ultraschallwandler nach Anspruch 1, wobei ein zu-
sätzlicher Isolationsspalt (12) ausgebildet ist, und
wobei die beiden Isolationsspalte (16, 17) an ent-
gegengesetzten Enden der zweiten Elektroden-
schicht (20) angeordnet sind;

wobei die doppelseitige flexible Schaltung
(22) eine erste (22a) und eine zweite (22b) doppel-
seitige flexible Schaltung aufweist, wobei die erste
(22a) und die zweite (22b) flexible Schaltung quer
über einen der beiden Isolationsspalte (16, 17) ver-
bunden sind, wobei die erste (26a-e) und die zweite
(28a-e) leitfähige Verdrahtung der beiden doppel-
seitigen flexiblen Schaltungen (22a-b) mit alternie-
renden der mehreren Elemente (10a-e) verbunden
sind, so daß alle Elemente (10a-e) mit einer der
doppelseitigen flexiblen Schaltungen verbunden
sind.

5. Ultraschallwandler nach Anspruch 1, wobei der
Wandler gerade oder gekrümmt ist.

6. Ultraschallwandler nach Anspruch 1, ferner mit:
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einer konkaven akustischen Linse (34) mit ei-
ner in einer bezüglich der ersten Richtung or-
thogonalen Querrichtung konkaven Form und
mit einer Schallgeschwindigkeit, die größer ist
als diejenige von Wasser, wobei die akustische
Linse (34) vom Piezokristall (12) emittierte En-
ergie an einem Fokus fokussiert.

7. Ultraschallwandler nach Anspruch 6, wobei die
Schallgeschwindigkeit der konkaven akustischen
Linse (34) größer ist als 1700 m/s.

8. Ultraschallwandler nach Anspruch 7, wobei die
konkave akustische Linse (34) aus einem Epoxid-
oder Urethanmaterial hergestellt ist.

9. Ultraschallwandler nach Anspruch 8, wobei minde-
stens eine akustische Anpassungsschicht (32, 33)
zwischen dem Piezokristall (12) und der konkaven
akustischen Linse (34) angeordnet ist.

10. Ultraschallwandler nach Anspruch 6, wobei der
Wandler gerade oder gekrümmt ist.

11. Ultraschallwandler nach Anspruch 1, ferner mit:

einer Unterlagsschicht (30);
einer auf der Unterlagsschicht (30) ausgebilde-
ten Schichtstruktur mit:

dem Piezokristall (12);
der ersten (18) und der zweiten (20) Elek-
trodenschicht;
einer akustischen linse (34); und
einer Abschirmschicht (36), die im wesent-
lichen die gesamte Schichtstruktur ab-
deckt und sich zur Unterlagsschicht (30)
erstreckt, wobei durch die Abschirmschicht
(36) ein elektronischer und ein Feuchtig-
keitsschutz für die Schichtstruktur bereit-
gestellt wird.

12. Ultraschallwandler nach Anspruch 10, wobei die
akustische Linse (34) im wesentlichen die gesamte
Schichtstruktur abdeckt und sich zur Unterlags-
schicht (30) erstreckt, um einen mechanischen und
einen Feuchtigkeitsschutz für die Schichtstruktur
bereitzustellen.

13. Ultraschallwandler nach Anspruch 11, wobei der
Wandler gerade oder gekrümmt ist.

Revendications

1. Transducteur à ultrasons (10) comprenant :

un cristal piézoélectrique (12) divisé en de mul-

tiples éléments (10a à e) s'étendant le long
d'une première dimension ;

des première (18) et seconde (20) couches
d'électrodes prenant en sandwich ledit quartz
piézoélectrique (12) et interagissant avec cha-
cun desdits multiples éléments (10a à e) pour
transducter les ultrasons ;

lesdites première et seconde couches d'élec-
trodes (18, 20) ayant chacune des contacts de
couche d'électrodes (26e, 28e) formés sur une
seule face dudit cristal piézoélectrique (12) ;

un espace d'isolement (16) ménagé sur ladite
seule face entre lesdits premier (26e) et second
(28e) contacts de couche d'électrodes ; et

un circuit souple à double face (22) comportant
des premier (26) et second (28) câblages con-
ducteurs disposés sur les faces opposées d'un
substrat souple diélectrique (24), une extrémité
de connexion dudit circuit souple étant connec-
tée audits premier (26e) et second (28e) con-
tacts de couche d'électrodes ;

dans lequel, au niveau de ladite extrémité de
connexion, ledit substrat souple diélectrique (24)
s'étend au-delà dudit premier câblage conducteur
(26) tandis que ledit second câblage conducteur
(26) s'étend au-delà dudit substrat souple diélectri-
que (24) de sorte qu'au niveau de ladite extrémité
de connexion, ledit premier câblage conducteur
(26), ledit substrat souple diélectrique (24) et ledit
second câblage conducteur (28) forment collective-
ment une structure d'extrémité à gradins avec les
deux dits câblages conducteurs (26, 28) étant ex-
posés sur une première face unique dudit substrat
souple à double face ; la structure d'extrémité en
gradins de ladite première face dudit substrat sou-
ple à double face (24) étant connectée auxdites pre-
mière et seconde couches d'électrodes (18, 20)
avec ledit premier câblage conducteur (26) étant
connecté audit premier contact de couche d'élec-
trodes (26e), ledit second câblage conducteur (28)
étant connecté audit second contact de couche
d'électrodes (28e) et ladite couche diélectrique (24)
recouvrant ledit espace d'isolement (16).

2. Transducteur à ultrasons selon la revendication 1,
dans lequel lesdits premier (26) et second (28) câ-
blages conducteurs incluent tous les deux des con-
nexions individuelles (26a à d, 28a à d) pour chacun
desdits multiples éléments (10a à b).

3. Transducteur à ultrasons selon la revendication 1,
dans lequel ledit premier câblage conducteur (26)
inclut des connexions individuelles (26a à d) pour
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chacun desdits multiples éléments tandis que ledit
second câblage conducteur (28) est commun à la
totalité desdits multiples éléments (10a à d).

4. Transducteur à ultrasons selon la revendication 1,
dans lequel un espace d'isolement supplémentaire
(12) est ménagé, et dans lequel les deux espaces
d'isolement (16, 17) sont positionnés au niveau des
extrémités opposées de ladite seconde couche
d'électrodes (20) ;

ledit circuit souple à double face (22) incluant
des premier (22a) et second (22b) circuits souples
à double face, chacun desdits premier (22a) et se-
cond (22b) circuits souples étant connecté à travers
un desdits deux espaces d'isolement (16, 17), les-
dits premier (26a à e) et second (28a à e) câblages
conducteurs des deux dits circuits souples à double
face (22a à b) étant connectés à un élément alterné
desdits multiples éléments (10a à e) de sorte que
la totalité desdits multiples éléments (10a à e) sont
connectés à un circuit desdits circuits souples à
double face.

5. Transducteur à ultrasons selon la revendication 1,
dans lequel ledit transducteur est linéaire ou curvi-
linéaire.

6. Transducteur à ultrasons selon la revendication 1
comprenant en outre :

une lentille acoustique concave (34) ayant une
forme concave dans une direction transversale
orthogonale à ladite première direction et pré-
sentant une vitesse acoustique supérieure à
celle de l'eau, ladite lentille acoustique (34) fo-
calisant l'énergie émise depuis ledit quartz pié-
zoélectrique (12) à un point focal.

7. Transducteur à ultrasons selon la revendication 6,
dans lequel la vitesse acoustique de ladite lentille
acoustique concave (34) est supérieure à 1700 m/s.

8. Transducteur à ultrasons selon la revendication 7,
dans lequel ladite lentille acoustique concave (34)
est constituée d'un matériau d'époxy ou d'uréthane.

9. Transducteur à ultrasons selon la revendication 8,
dans lequel au moins une couche d'adaptation
acoustique (32, 33) est disposée entre ledit cristal
piézoélectrique (12) et ladite lentille acoustique
concave (34).

10. Transducteur à ultrasons selon la revendication 6,
dans lequel ledit transducteur est linéaire ou curvi-
linéaire.

11. Transducteur à ultrasons selon la revendication 1
comprenant en outre :

une surface d'appui (30) ;

une structure de couches formées sur ladite
surface d'appui (30) incluant,

ledit cristal piézoélectrique (12),

lesdites première (18) et seconde (20) couches
d'électrodes, et

une lentille acoustique (34) ; et

une couche de protection (36) recouvrant sen-
siblement la totalité de ladite structure des cou-
ches et s'étendant sur ladite surface d'appui
(30), ladite couche de protection (36) procurant
une protection électronique et contre l'humidité
à ladite structure des couches.

12. Transducteur à ultrasons selon la revendication 10,
dans lequel ladite lentille acoustique (34) recouvre
sensiblement la totalité de ladite structure des cou-
ches et s'étend sur ladite surface d'appui (30) pour
procurer une protection mécanique et contre l'hu-
midité à ladite structure des couches.

13. Transducteur à ultrasons selon la revendication 11,
dans lequel ledit transducteur est linéaire ou curvi-
linéaire.
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