EP 3 069 391 B1

(19)

(12)

(45)

(21)

(22)

Patent Office

Europdisches
Patentamt
0’ European

Office européen
des brevets (11) EP 3 069 391 B1
EUROPEAN PATENT SPECIFICATION
Date of publication and mention (51) IntCl.:
of the grant of the patent: HO1L 41/047 (2006.07) A61B 8/00 (2006.01)
25.04.2018 Bulletin 2018/17 G10K 11100 29507 BO06B 1/06 (2005%%)
Application number: 14811970.4 (86) International application number:
PCT/IB2014/065675
Date of filing: 29.10.2014

(87) International publication number:
WO 2015/068080 (14.05.2015 Gazette 2015/19)

(54)

ROBUST ULTRASOUND TRANSDUCER PROBES HAVING PROTECTED INTEGRATED CIRCUIT
INTERCONNECTS

ROBUSTE ULTRASCHALLWANDLERSONDEN MIT GESCHUTZTER VERBINDUNG ZUR
INTEGRIERTEN SCHALTUNG

SONDES ROBUSTES DE TRANSDUCER A ULTRASON AYANT DES INTERCONNEXIONS
PROTEGEES POUR DES CIRCUITS INTERGES

(84)

(30)

(43)

(73)

Designated Contracting States: (72) Inventors:
AL ATBE BG CH CY CZDE DK EE ES FI FR GB e SCARSELLA, Michael
GRHRHUIEISITLILTLULV MC MK MT NL NO NL-5656 AE Eindhoven (NL)
PL PT RO RS SE SI SK SM TR e SUDOL, Wojtek

NL-5656 AE Eindhoven (NL)
Priority: 11.11.2013 US 201361902313 P

(74) Representative: Gravendeel, Cornelis

Date of publication of application: Philips Intellectual Property & Standards
21.09.2016 Bulletin 2016/38 High Tech Campus 5

5656 AE Eindhoven (NL)
Proprietor: Koninklijke Philips N.V.

5656 AE Eindhoven (NL) (56) References cited:
WO-A1-2005/055195 US-A1- 2003 170 932
US-A1- 2012 238 880

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition 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)



1 EP 3 069 391 B1 2

Description

[0001] This invention relates to medical diagnostic ul-
trasound systems and, in particular, to mounting of inter-
connects in an ultrasonic transducer array stack.
[0002] Two dimensional array transducers are used in
ultrasonic imaging to electronically scan in three dimen-
sions. Two dimensional arrays have numerous rows and
columns of transducer elements in both the azimuth and
elevation directions, which would require a large number
of cable conductors to couple signals between the many
elements of the probe and the mainframe ultrasound sys-
tem. A preferred technique for minimizing the number of
signal conductors in the probe cable is to perform at least
some of the beamforming in the probe in a microbeam-
former ASIC (application specific integrated circuit.) This
technique requires only a relatively few number of par-
tially beamformed signals to be coupled to the mainframe
ultrasound system, thereby reducing the required
number of signal conductors in the cable. However a
large number of signal connections must be made be-
tween the two dimensional array and the microbeam-
former ASIC, one for each element of the array. An effi-
cient way to make these connections is to design the
transducer array and the ASIC to have flip-chip intercon-
nections, whereby electrode pads of the transducer array
are bump bonded directly to corresponding conductive
pads of the ASIC. In one type of two-dimensional ultra-
sound transducer design, all transducer elements of an
array are attached and individually electrically connected
to a surface of an integrated circuit (IC) via "flip-chip"
technology using conductive bumps. This microbeam-
former IC provides electrical control of the elements, such
as for beam forming, signal amplification, etc., and pro-
vides the means of interfacing the thousands of array
elements to the mainframe beamformer of the ultrasound
system.

[0003] One example of a known design of an ultra-
sound transducer is illustrated in FIG. 1. The ultrasound
transducer 10 includes a flat array of acoustic elements
12 that are coupled to a surface of an integrated circuit
14 via flip-chip conductive bumps 16. A flip-chip underfill
material 18 is included within a region between the inte-
grated circuit 14 and the flat array of acoustic elements
12, surrounding the flip-chip conductive bumps 16.
Transducer 10 further includes a transducer base 20 and
an interconnection cable 22. Interconnection cable 22
connects the integrated circuit 14 and an external cable
(not shown). Integrated circuit 14 is electrically coupled
to the interconnection cable 22 using interconnects such
as wire bonds 24.

[0004] Interconnects, such as the wire bonds 24, are
used to transmit power and signals to and from the inte-
grated circuit. Unfortunately, the interconnects are close
to the lens of the transducer, thereby making them sus-
ceptible to damage, intermittency, and/or disconnection.
Some approaches have been used to reduce these prob-
lems that include staking the wire bonds to the integrated
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circuit using an adhesive drop that hardened over the
interconnect. However, the staking increases complexity
of the fabrication process. Other techniques that do not
use staking include positioning a covering structure ex-
tending from the top of the acoustic stack and over the
interconnects. Problematically, the covering structure
can bend and become weak over time.

[0005] There is a need for improved structures and
methods for reliably protecting interconnects during fab-
rication and use of ultrasound transducers.

[0006] DocumentUS 2012/0238880 discloses a back-
ing block for an ultrasonic transducer array stack, which
is formed as a composite structure of material of high
thermal conductivity in which is embedded a structure of
acoustic dampening material.

[0007] DocumentWO 2005/055195 discloses an ultra-
sonictransducer probe thatincludes an attenuation back-
ing substrate, an integrated circuit and an array of pie-
zoelectric elements.

[0008] Document US 2003/0170932 discloses an ap-
paratus for increasing the integrated circuit density of a
thin small outline package semiconductor assembly by
staking two semiconductor dice and electrically connect-
ing the substantially centrally located bond pads of each
die to the same surface of a single lead frame.

[0009] The invention is defined by the claims.

[0010] Inaccordance with the principles of the present
invention, an ultrasound probe is provided with protected
interconnects. The interconnects are mounted between
an array of transducer elements and an integrated circuit
for the transducer elements, with the overhang of the
acoustic stack above the connection point protecting the
interconnect. Underfill material fixedly positions the in-
terconnects relative to the integrated circuit. These fea-
tures result in a more robust probe structure.

[0011] In the drawings:

FIGURE 1 is a perspective view of a conventional
ultrasound sensor.

FIGURE 2 illustrates an acoustic stack constructed
in accordance with the principles of the present in-
vention.

FIGURE 3 illustrates diced acoustic elements in the
acoustic stack of FIGURE 2.

FIGURE 4 illustrates the acoustic stack of FIGURE
2 when assembled in a transducer probe with a lens
cover.

FIGURE 5 is an acoustic stack having one acoustic
layer covering an interconnect in accordance with
the principles of the present invention.

FIGURE 6 illustrates an acoustic stack including a
wire bond and subtractively created bumps in ac-
cordance with the principles of the presentinvention.
FIGURE 7 illustrates an acoustic stack including a
flexible circuit and subtractively created bumps in
accordance with the principles of the present inven-
tion.

FIGURE 8 provides a method of making protected
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interconnects in a transducer assembly in accord-
ance with the principles of the present invention.

[0012] An implementation of the present invention in-
cludes an ultrasonic transducer array assembly having
an array of transducer elements. The transducer ele-
ments include a plurality of layers. The layers include a
piezoelectriclayer, such as lead zirconiumtitanate (PZT),
and matching layers that match the acoustic impedance
of the piezoelectric layer to that of the probe lens and the
body beingimaged. A metallized layer is included to elec-
trically couple the piezoelectric layer to an integrated cir-
cuit in the assembly. Other layers can also be included
according to desired characteristics for the transducer
array. The integrated circuit is coupled to the array of
transducer elements. Coupling of the integrated circuit
can be carried out using flip-chip techniques, or any other
suitable technique that provides the necessary electrical
coupling between the integrated circuit and the transduc-
er elements. As will be described further below, intercon-
nects are positioned in contact with the integrated circuit
and fixedly positioned between the integrated circuit and
atleastone layer of the layers in the transducer elements
in the array. The space between the integrated circuit
and the layers can be tailored according to the dimen-
sions of the interconnect. For example, additional spac-
ing may be used if wire bonds are connected to the inte-
grated circuit. The wire bonds include a bend height that
can provide the need for increased height between the
surface of the integrated circuitand a layer in the acoustic
stack above the point of interconnection.

As compared to a wire bond, a flex circuit provides a
profile having a lower height, and thus uses less spacing
when it is laid down over the surface of the integrated
circuit. Furthermore, having the interconnect positioned
within the space between the transducer elements and
the integrated circuit provides for more robust transduc-
ers, since the interconnect connection to the integrated
circuit is protected from damage and/or disconnection.
[0013] FIGURE 2 schematically shows an acoustic
stack 30 with a protected interconnect constructed in ac-
cordance with the principles of the presentinvention. The
acoustic stack includes a plurality of layers 32, such as
a metallized layer 32a, a piezoelectric layer 32b such as
PZT, and two acoustic matching layers 32c and 32d
bonded to the piezoelectric layer 32b. The matching lay-
ers match the acoustic impedance of the piezoelectric
material to that of the body being diagnosed, generally
in steps of progressive changes in the acoustic imped-
ance of each matching layer. The integrated circuit 40,
which is bonded to a backing block 42, is coupled to the
metallized layer 32a by stud bumps 34. The interconnect
38, which is shown as a flex circuit, contacts one or more
conductors of the integrated circuit 40 and is fixedly held
in that position with an underfill layer 36. The underfill
layer can include an electroinsulating material, such as
epoxy resin.

[0014] The arrangement of the interconnect between
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the integrated circuit and the acoustic stack provides sev-
eral benefits. For example, the interconnect (e.g., flex
circuits or wire bonds) are held rigidly in place such that
less damage and fewer disconnects result from use of
the probe. In addition, a flexible circuit can be coupled to
the integrated circuit, held in place by underfill material,
and then bent to any particular angle that is needed for
proper electrical connection in the probe. With "staking"
solutions as described above, the bending of the flexible
circuit often leads to displacement of the adhesive and
thus disconnection of the interconnect. The present in-
vention overcomes this problem by holding the intercon-
nect rigidly during bending. Additionally, space savings
are also realized because the interconnect can extend
further toward the center of the integrated circuit, thereby
taking less space in the lateral dimension of the trans-
ducer probe. More efficient spacing is also realized in the
vertical dimension, thereby leaving more room between
the top of the acoustic stack and the probe lens.

[0015] Inaddition tofixedly holding the interconnect on
the integrated circuit, the underfill provides various other
functions. It acts to hold the integrated circuit and the
acoustic stack together since the connection of the
bumps alone may not be adequate for the strength of the
assembly. In some embodiments, the flip-chip variations
require a good hermetic seal of the joint that the underfill
can provide. In addition, after the flip-chip connection is
completed, a dicing process is done to separate the
acoustic stack into individual elements. The separating
cut needs to be deeper than the last layer of the acoustic
stack, but not too deep so as to reach the IC. The underfill
supports each individual acoustic element.

[0016] As shown in FIGURE 3, the acoustic stack 30
of FIGURE 2 is diced by dicing cuts to form an array 44
of individual transducer elements 44a, eight of which are
shown in this example. The array 44 can include a single
row of transducer elements (a 1-D array) or be diced in
two orthogonal directions to form a two-dimensional (2D)
matrix array of transducer elements. The integrated cir-
cuit 40, an ASIC, provides transmit signals for the trans-
ducer elements 44a and receives and processes signals
from the elements. Conductive pads onthe upper surface
of the integrated circuit 40 are electrically coupled to con-
ductive pads on the bottoms of the transducer elements
by stud bumps 34, which may be formed of solder or
conductive epoxy. Signals are provided to and from the
integrated circuit 40 by connections to the flex circuit 38.
Below the integrated circuit 40 is a backing block 42,
which attenuates acoustic energy emanating from the
bottom of the transducer stack and conducts heat gen-
erated by the integrated circuit away from the integrated
circuit and the transducer stack and away from the pa-
tient-contacting end of the transducer probe. A variety of
backing blocks can be used, including a backing block
including a porous foam material filled with resin as dis-
closed in WO2012/123908 to Sudol et al. It is seen in
FIGURES 2 and 3 that end element 44h in this imple-
mentation is not an acoustically functioning transducer
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element and is not connected to the integrated circuit by
a stud bump. That is because this dummy end element
serves the protection function of the present invention,
overhanging the attachment point of the interconnect 38
to the integrated circuit and solidifying the connection
with the underfill material between the dummy end ele-
ment 44h and the integrated circuit.

[0017] FIGURE 4 illustrates the transducer stack as-
sembly of FIGURE 3 when assembled inside a transduc-
er probe. In the probe, the matching layer 32d in the
acoustic stack 30 is bonded to the acoustic lens 48. UI-
trasound waves are transmitted through the lens 48 and
into the patient’s body during imaging, and echoes re-
ceived in response to these waves are received by the
transducer stack through the lens 48. In an alternative
embodiment, the acoustic lens 48 is replaced with a win-
dow, i.e., an element with no focusing acoustical power.
The window may be made of the window material
PEBAX, for instance. In this embodiment, a third match-
ing layer 46 (e.g., a low density polyethylene (LDPE) film)
also serves to enclose the transducer stack as it is
wrapped around the stack and bonded by an epoxy bond
52 to the probe housing 54. A ground plane 50 is bonded
to the top of the second matching layer 32d, and is formed
as a conductive layer on a film of the third matching layer
46. The ground plane is electrically coupled to the trans-
ducer elements through the electrically conductive
matching layers and is connected to a ground conductor
of flex circuit 38. Further details of this type of construction
are found in US patent publication no. US 2010/0168581
(Knowles et al.).

[0018] Another example of a transducer assembly of
the present invention is illustrated in FIGURE 5. In this
example, only one or some of the layers in the acoustic
stack 30 need be extended beyond the active acoustic
area over the connection of the interconnect to the inte-
grated circuit. For example, certain layers that are more
costly, such as the piezoelectric layer, may be limited to
the active acoustic area thereby saving material cost of
a full dummy element as used in FIGURE 4. As FIGURE
5 illustrates, the plurality of layers 32 can be arranged to
extend at different locations over the integrated circuit.
The bottom layer 32a, for example, extends to a plane
that is at or about an edge of the integrated circuit. In
contrast, the other layers 32b, 32c and 32d are recessed
inwardly away from the edge of the integrated circuit. In
some embodiments, layers 32a and 32b can extend over
to the edge of the integrated circuit. Alternatively, a por-
tion of the integrated circuit may not be covered by a
layer of the acoustic stack such that the edge of the
acoustic stack is located more inward towards the center
of the integrated circuit. In some embodiments, an outer
edge of the integrated circuit is located in approximately
the same plane with an outer edge of at least one of the
plurality of layers.

[0019] The illustrations in FIGS. 2-5 show a flexible
circuit as the interconnect 38. Other types of intercon-
nects can be used instead. FIGURE 6 shows one exam-
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ple of using a wire bond 56 that is coupled to a flexible
circuit 60 on the side of the backing block 42. Here, the
wire bond 56 is coupled to a conductive pad on the sur-
face of the integrated circuit 40 and is fixedly held in po-
sition using the underfill material 36.

[0020] FIGURES 6 and 7 illustrate the use of subtrac-
tive bumps for connecting the integrated circuit 40 to the
acoustic stack 32. Methods of making transducer assem-
blies with subtractive bumps 58 are described, e.g., in
international patent publication WO2012/085724, which
isincorporated herein by reference. The subtractive proc-
ess determines the height of the bumps 58 and hence
the spacing between the integrated circuit and the acous-
tic stack. As shown in FIGURES 6 and 7, the height of
the spacing between the acoustic stack 32 and the inte-
grated circuit 40 can be tailored for a particular intercon-
nect. For example, the wire bond 56 in FIGURE 6 in-
cludes a radius of curvature that requires the use of a
height that can accommodate the wire bond 56. The flex-
ible circuit 38 does not have a curvature in the vicinity of
the bonding area to the integrated circuit. As such, less
space is needed between the integrated circuit and the
acoustic stack.

[0021] FIGURE 8 describes a method of making an
ultrasound transducer assembly having protected inter-
connects in accordance with the present invention. The
method 70 includes an initial step 72 of connecting an
interconnect (or interconnects) to an integrated circuit.
The interconnect can be positioned to contact a conduc-
tive pad on the surface of the integrated circuit. To assist
with holding the interconnect in place, a small amount of
adhesive or other sticking material can be applied to the
interconnect to fix it to the integrated circuit for further
processing. Step 74 includes coupling the integrated cir-
cuit to an acoustic stack which is above the interconnect.
This step can be done after connecting the integrated
circuit to the interconnect. Alternatively, the interconnect
can be inserted between the integrated circuit and the
acoustic stack after the acoustic stack is coupled to the
integrated circuit. An underfill material is provided in step
76 such that the underfill material covers the interconnect
and fixedly holds it in position and in contact with the
integrated circuit. With the interconnects protected and
fixedly held in between the acoustic stack and the inte-
grated circuit, dicing to form an array of transducer ele-
ments and additional manufacturing steps for producing
the transducer assembly (Step 78) is carried out, provid-
ing improved robustness of the protected interconnect.

Claims

1. Anultrasonictransducerarray assembly comprising:
an array of transducer elements (44) comprising
a plurality of layers (32);

an integrated circuit (40) structurally coupled to
the array of transducer elements;
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a backing block (42) positioned on an opposing
side of the integrated circuit from the array of
transducer elements; and

an interconnect (38)

characterized in that

the interconnect is arranged to be fixedly held
by an underfill material (36) and positioned be-
tween the integrated circuit and at least one lay-
er (32a) of the plurality of layers, wherein the
array of transducer elements further comprises
an end element (44h), the end element extend-
ing to or formed in the at least one layer and
overhanging the interconnect, wherein the end
element is a dummy element.

The ultrasonic transducer array assembly of claim
1, wherein the interconnect comprises a flexible cir-
cuit.

The ultrasonic transducer array assembly of claim
1, wherein the interconnect comprises a wire bond
coupled to a flexible circuit.

The ultrasonic transducer array assembly of claim
1, wherein the interconnect is positioned between
the integrated circuit and all of the plurality of layers.

The ultrasonic transducer array assembly of claim
1, wherein the interconnect is positioned between
theintegrated circuit and one of the plurality of layers.

The ultrasonic transducer array assembly of claim
1, wherein the integrated circuit is structurally cou-
pled to the array of transducer elements with stud
bumps.

The ultrasonic transducer array assembly of claim
1, wherein the integrated circuit is structurally cou-
pled to the array of transducer elements with sub-
tractively created bumps.

The ultrasonic transducer array assembly of claim
1, wherein the backing block comprises a porous
foam material filled with resin.

The ultrasonic transducer array assembly of claim
1, wherein an outer edge of the integrated circuit is
located in approximately the same plane with an out-
er edge of at least one of the plurality of layers.

A method of making an ultrasonic transducer array
assembly, the method comprising:

connecting an interconnect (38) to an integrated
circuit (40);

coupling the integrated circuit to an array of
transducer elements (44) comprising a plurality
of layers (32);
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1.

12.

13.

14.

15.

characterized in that

the interconnect is located between the integrated
circuit and at least one layer of the plurality of layers
of the array of transducer elements, wherein the ar-
ray of transducer elements further comprises an end
element (44h), the end element extending to or
formed in the at least one layer and overhanging the
interconnect, wherein the end element is a dummy
element; and the method further comprises
providing an underfill material (36) between the in-
terconnect and the at least one layer of the plurality
of layers, thereby fixedly positioning the interconnect
inthe underfill material between the integrated circuit
and the at least one layer of the plurality of layers.

The method claim 10, comprising providing a back-
ing block (42) positioned on an opposing side of the
integrated circuit from the plurality of layers.

The method of claim 11, further comprising dicing
the plurality of layers (32) to form the array of trans-
ducer elements.

The method of claim 10, wherein the interconnect
comprises a flexible circuit.

The method of claim 10, wherein the interconnect
comprises a wire bond coupled to a flexible circuit.

The method of claim 10, comprising positioning an
outer edge of the integrated circuit in approximately
the same plane with an outer edge of at least one of
the plurality of layers.

Patentanspriiche

1.

Ultraschallwandler-Anordnungsbaugruppe, umfas-
send:

eine Anordnung von Wandlerelementen (44),
umfassend eine Vielzahl von Schichten (32);
eine integrierte Schaltung (40), die strukturell
mit der Anordnung von Wandlerelementen ge-
koppelt ist;

einen Unterstltzungsblock (42), der auf einer
gegeniberliegenden Seite der integrierten
Schaltung von der Anordnung von Wandlerele-
menten positioniert ist; und

eine Zwischenverbindung (38),

dadurch gekennzeichnet, dass

die Zwischenverbindung derart angeordnet ist,
dass sie durch ein Unterfiillungsmaterial (36)
fest gehalten wird und zwischen der integrierten
Schaltung und mindestens einer Schicht (32a)
der Vielzahl von Schichten positioniertist, wobei
die Anordnung von Wandlerelementen weiter
ein Abschlusselement (44h) umfasst, wobei sich



10.

9 EP 3 069 391 B1 10

das Abschlusselement zu der mindestens einen
Schicht erstreckt oder in dieser ausgebildet ist
und Uber die Zwischenverbindung hinausragt,
wobei das Abschlusselement ein Blindelement
ist.

Ultraschallwandler-Anordnungsbaugruppe  nach
Anspruch 1, wobei die Zwischenverbindung eine fle-
xible Schaltung umfasst.

Ultraschallwandler-Anordnungsbaugruppe  nach
Anspruch 1, wobei die Zwischenverbindung eine
Drahtverbindung umfasst, die mit einer flexiblen
Schaltung gekoppelt ist.

Ultraschallwandler-Anordnungsbaugruppe  nach
Anspruch 1, wobei die Zwischenverbindung zwi-
schen der integrierten Schaltung und allen der Viel-
zahl von Schichten positioniert ist.

Ultraschallwandler-Anordnungsbaugruppe  nach
Anspruch 1, wobei die Zwischenverbindung zwi-
schen der integrierten Schaltung und einer der Viel-
zahl von Schichten positioniert ist.

Ultraschallwandler-Anordnungsbaugruppe  nach
Anspruch 1, wobei die integrierte Schaltung struktu-
rellmit Bolzenhdckern mit der Anordnung von Wand-
lerelementen verbunden ist.

Ultraschallwandler-Anordnungsbaugruppe  nach
Anspruch 1, wobei die integrierte Schaltung struktu-
rell mit substraktiv erzeugten Héckern mit der An-
ordnung von Wandlerelementen verbunden ist.

Ultraschallwandler-Anordnungsbaugruppe  nach
Anspruch 1, wobei der Unterstiitzungsblock ein po-
réses Schaummaterial umfasst, das mit Harz gefuillt
ist.

Ultraschallwandler-Anordnungsbaugruppe  nach
Anspruch 1, wobei sich ein AuRenrand der integrier-
ten Schaltung in ungeféhr der gleichen Ebene mit
einem AuRenrand von mindestens einer der Vielzahl
von Schichten befindet.

Verfahren zur Herstellung einer Ultraschallwandler-
Anordnungsbaugruppe, wobei das Verfahren um-
fasst:

Verbinden einer Zwischenverbindung (38) mit
einer integrierten Schaltung (40);

Koppeln der integrierten Schaltung mit einer An-
ordnung von Wandlerelementen (44), die eine
Vielzahl von Schichten (32) umfasst;

dadurch gekennzeichnet, dass

sich die Zwischenverbindung zwischen der in-
tegrierten Schaltung und mindestens einer der
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1.

12.

13.

14.

15.

Vielzahl von Schichten der Anordnung von
Wandlerelementen befindet, wobei die Anord-
nung von Wandlerelementen weiter ein Ab-
schlusselement (44h) umfasst, wobei sich das
Abschlusselement zu der mindestens einen
Schicht erstreckt oder in dieser ausgebildet ist
und Uber die Zwischenverbindung hinausragt,
wobei das Abschlusselement ein Blindelement
ist; und das Verfahren weiter umfasst:

Bereitstellen eines Unterfiullungsmaterials
(36) zwischen der Zwischenverbindung und
der mindestens einen Schicht der Vielzahl
von Schichten, wodurch die Zwischenver-
bindung in dem Unterflllungsmaterial zwi-
schen der integrierten Schaltung und der
mindestens einen Schicht der Vielzahl von
Schichten fest positioniert wird.

Verfahren nach Anspruch 10, umfassend das Be-
reitstellen eines Unterstiitzungsblocks (42), der auf
einer gegenilberliegenden Seite der integrierten
Schaltung von der Vielzahl von Schichten positio-
niert ist.

Verfahren nach Anspruch 11, weiter umfassend das
Zerteilen der Vielzahl von Schichten (32), um die An-
ordnung von Wandlerelementen zu bilden.

Verfahren nach Anspruch 10, wobei die Zwischen-
verbindung eine flexible Schaltung umfasst.

Verfahren nach Anspruch 10, wobei die Zwischen-
verbindung eine Drahtverbindung umfasst, die mit
einer flexiblen Schaltung gekoppelt ist.

Verfahren nach Anspruch 10, umfassend das Posi-
tionieren eines AulRenrandes der integrierten Schal-
tung in ungefahr der gleichen Ebene mit einem Au-
Benrand von mindestens einer der Vielzahl von
Schichten.

Revendications

1.

Ensemble réseau de transducteurs ultrasoniques
comprenant :

unréseau d’éléments de transducteur (44) com-
prenant une pluralité de couches (32) ;

un circuit intégré (40) couplé structurellement
au réseau d’éléments de transducteur ;

un bloc de renfort (42) positionné sur un cété
opposé du circuit intégré par rapport au réseau
d’éléments de transducteur ; et

une interconnexion (38)

caractérisé en ce que

I'interconnexion est agencée pour étre mainte-
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nue en position fixe par un matériau de manque
de métal (36) et positionnée entre le circuit in-
tégré et au moins une couche (32a) de la plura-
lité de couches, dans lequel le réseau d’élé-
ments de transducteur comprend en outre un
élément d’extrémité (44h), 'élément d’extrémité
s’étendant vers ou étant formé dans I’'au moins
une couche et surplombant l'interconnexion,
dans lequel I'élément d’extrémité est un élément
factice.

Ensemble réseau de transducteurs ultrasoniques
selon la revendication 1, dans lequel I'intercon-
nexion comprend un circuit flexible.

Ensemble réseau de transducteurs ultrasoniques
selon la revendication 1, dans lequel I'intercon-
nexion comprend une soudure de fils couplée a un
circuit flexible.

Ensemble réseau de transducteurs ultrasoniques
selon la revendication 1, dans lequel I'intercon-
nexion est positionnée entre le circuit intégré et la
totalité de la pluralité de couches.

Ensemble réseau de transducteurs ultrasoniques
selon la revendication 1, dans lequel I'intercon-
nexion est positionnée entre le circuit intégré et'une
de la pluralité de couches.

Ensemble réseau de transducteurs ultrasoniques
selon larevendication 1, dans lequel le circuit intégré
est couplé structurellement au réseau d’éléments de
transducteur avec des plots de contact surélevés.

Ensemble réseau de transducteurs ultrasoniques
selon larevendication 1, dans lequel le circuit intégré
est couplé structurellement au réseau d’éléments de
transducteur avec des plots surélevés créés de fa-
¢on soustractive.

Ensemble réseau de transducteurs ultrasoniques
selon la revendication 1, dans lequel le bloc de ren-
fort comprend un matériau en mousse poreuse rem-
pli de résine.

Ensemble réseau de transducteurs ultrasoniques
selon la revendication 1, dans lequel un bord exté-
rieur du circuit intégreé est situé dans approximative-
ment le méme plan qu’un bord extérieur d’au moins
'une de la pluralité de couches.

Procédé de fabrication d’'un ensemble réseau de
transducteurs ultrasoniques, le procédé
comprenant :

la connexion d’une interconnexion (38) a un cir-
cuit intégré (40) ;
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15.

le couplage du circuit intégré a un réseau d’élé-
ments de transducteur (44) comprenant une plu-
ralité de couches (32) ;

caractérisé en ce que

I'interconnexion est située entre le circuitintégré
et au moins une couche de la pluralité de cou-
ches du réseau d’éléments de transducteur,
dans lequel le réseau d’éléments de transduc-
teur comprend en outre un élément d’extrémité
(44h), I'élément d’extrémité s’étendant vers ou
étant formé dans I'au moins une couche et sur-
plombant l'interconnexion, dans lequel I'élé-
ment d’extrémité est un élément factice ; et le
procédé comprend en outre

la fourniture d’un matériau de manque de métal
(36) entre l'interconnexion et'au moins une cou-
che de la pluralité de couches, positionnant ainsi
en position fixe l'interconnexion dans le maté-
riau de manque de métal entre le circuit intégré
et 'au moins une couche de la pluralité de cou-
ches.

Procédé selon la revendication 10, comprenant la
fourniture d’'un bloc de renfort (42) situé sur un coté
opposé du circuit intégré par rapport a la pluralité de
couches.

Procédé selon la revendication 11, comprenant en
outre le découpage en dés de la pluralité de couches
(32) pour former le réseau d’éléments de transduc-
teur.

Procédé selon la revendication 10, dans lequel I'in-
terconnexion comprend un circuit flexible.

Procédé selon la revendication 10, dans lequel I'in-
terconnexion comprend une soudure de fils couplée
a un circuit flexible.

Procédé selon la revendication 10, comprenant le
positionnement d’un bord extérieur du circuit intégré
dans approximativement le méme plan qu’un bord
extérieur d’au moins 'une de la pluralité de couches.
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