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Ultrasound transducer assembly and method of manufacturing the same

FIELD OF THE INVENTION

The present invention relates to an ultrasound transducer assembly comprising
ultrasound transducer elements for transmitting ultrasound waves in a general transmission
direction. The present invention further relates to a method of manufacturing such ultrasound

transducer assembly.

BACKGROUND OF THE INVENTION

US 2008/0315331 A1 discloses a transducer assembly having a ground
connection routed through a via formed in a cMUT array and through an ASIC. A transducer
module comprises a cMUT transducer subarray formed on a semiconductor substrate with a
front electrode positioned over a membrane and with the membrane suspended over
insulating supports. The individual cells include bottom electrodes for receiving signals from
ASIC circuit cells. A conductive via is formed within the insulating support between adjacent
transducer cells to connect the front electrode to a contact on the cMUT substrate. However,
the transducer assembly disclosed in US 2008/0315331 A1 is quite complex and thus not

easy in manufacturing.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an ultrasound transducer
assembly and corresponding method of manufacturing that provides an easier manufacturing
and thus a cheaper ultrasound transducer assembly.

In a first aspect of the present invention an ultrasound transducer assembly is
presented that comprises ultrasound transducer elements for transmitting ultrasound waves in
a general transmission direction. Each of, or each of part of, the ultrasound transducer
elements comprises a piezoelectric layer having a top surface, a bottom surface and a side
surface with respect to the general transmission direction, as well as a bottom electrode layer
and a top electrode layer. Further, a conductive layer is (directly) applied at least partly on the

side surface of at least one specific one of the piezoelectric layers, such that the conductive



10

15

20

25

30

WO 2013/001448 PCT/IB2012/053216
2

layer is connected to the top electrode layer and the bottom electrode layer of said specific
piezoelectric layer.

In a further aspect of the present invention a method of manufacturing an
ultrasound transducer assembly is presented, the assembly comprising ultrasound transducer
elements for transmitting ultrasound waves in a general transmission direction. The method
comprises, for each of, or each of part of, the ultrasound transducer elements, providing a
piezoelectric layer having a top surface, a bottom surface and a side surface with respect to
the general transmission direction. The method further comprises, for each of, or each of part
of, the ultrasound transducer elements, arranging or applying a bottom electrode layer, and
arranging or applying a top electrode layer. The method further comprises (directly) applying
a conductive layer at least partly on the side surface of at least one specific one of the
piezoelectric layers, such that the conductive layer is connected to the top electrode layer and
the bottom electrode layer of said specific piezoelectric layer.

In another aspect a method of manufacturing an ultrasound transducer
assembly is presented, the assembly comprising ultrasound transducer elements for
transmitting ultrasound waves in a general transmission direction. The method comprises
providing a common layer of piezoelectric material having a top, surface, a bottom surface
and a side surface. The method further comprises applying a common bottom electrode layer
on the bottom surface of the common piezoelectric layer, applying a common top electrode
layer on the top surface of the common piezoelectric layer, and applying a conductive layer
on each of the side surfaces of the common piezoelectric layer, such that the conductive layer
is connected to the common top electrode layer and the common bottom electrode layer. The
method further comprises cutting or dicing the ultrasound transducer elements out of the
coated common layer of piezoelectric material.

With general transmission direction a general direction is meant in which the
ultrasound waves are transmitted from the ultrasound transducer element(s). In particular, the
top surface or top electrode layer is arranged further in front in the general transmission
direction than the bottom surface or bottom electrode layer. The general transmission
direction can be in particular perpendicular to a surface formed by the tops of the ultrasound
transducer elements. The bottom surface and the top surface of the piezoelectric layer can
each be arranged perpendicular to the general transmission direction and/or the side surface
can be arranged parallel to the general transmission direction. When a voltage is applied
between the top electrode layer and the bottom electrode layer, ultrasound waves are

transmitted from the piezoelectric layer in the general transmission direction. The bottom
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electrode layer acts as a bottom electrode for the piezoelectric layer or transducer element.
The top electrode layer acts as a top electrode for the piezoelectric layer or transducer
element.

Preferably, the bottom electrode layer is applied on the bottom surface of the
piezoelectric layer, and the top electrode layer applied on the top surface of the piezoelectric
layer. Alternatively, there can also be intermediate layers between the piezoelectric layer and
the electrodes.

The basic idea of the invention is to provide a short electrical path between the
top electrode(s) and an external electrical connection, in particular to ground. A conductive
layer is (directly) applied at least partly, in particular on all of, the side surface of at least one
specific one of the piezoelectric layers, such that the conductive layer is connected to the top
electrode layer and the bottom electrode layer of said specific piezoelectric layer. With
(directly) applying the conductive layer it is meant that there is or are no intermediate layer(s)
between the piezoelectric layer and the applied conductive layer. The conductive layer
provides electrical connection between the top electrode layer and the bottom electrode layer
of said specific piezoelectric layer for external electrical connection, in particular for external
electrical connection to ground. Alternatively, also external electrical connection to a voltage
potential can be provided. By providing an electrical path from the top electrode layer to the
bottom electrode layer of that specific piezoelectric layer, or corresponding ultrasound
transducer element, a short electrical path, in particular for ground return current, is provided
and at the same time the manufacturing process is easy.

Preferred embodiments of the invention are defined in the dependent claims. It
shall be understood that the claimed method of manufacturing has similar and/or identical
preferred embodiments as the claimed ultrasound transducer assembly and as defined in the
dependent claims. In the same way it shall be understood that the claimed ultrasound
transducer assembly has similar and/or identical preferred embodiments as the claimed
method of manufacturing and as defined in the dependent claims.

In one embodiment the ultrasound transducer element having the specific
piezoelectric layer is a dummy element not operable to transmit or receive ultrasound waves.
By providing an electrical path between the top electrode layer and the bottom electrode layer
of that specific piezoelectric layer or corresponding ultrasound transducer element, the
piezoelectric layer is not functional any more. Thus, that specific ultrasound transducer
element is a dummy element not operable to transmit or receive ultrasound waves. Therefore,

that specific transducer element is sacrificed, as it is not functioning as a transducer element
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any more. However, even though that specific ultrasound transducer element is sacrificed, the
manufacturing of the ultrasound transducer assembly is significantly simplified, thus
providing a cheaper ultrasound transducer assembly.

In a further embodiment the ultrasound transducer element having the specific
piezoelectric layer is the outermost ultrasound transducer element in a (one-dimensional) row
or an (two-dimensional) array of the ultrasound transducer elements. In this way the
conductive layer is applied to the outermost ultrasound transducer assembly, thus providing
an easy way of applying the conductive layer. In a variant of this embodiment the side
surface to which the conductive layer is applied is the side surface facing outward in the row
or the array of the ultrasound transducer elements.

In a further variant of this embodiment, the ultrasound transducer elements
having the specific piezoelectric layers are the outermost ultrasound transducer elements at
the ends of a (one-dimensional) row or an (two-dimensional) array of ultrasound transducer
elements. In this way, part of or all of the ultrasound transducer elements at the two ends of
the (one-dimensional) row or the edges of the (two-dimensional) array of ultrasound
transducer elements can be dummy elements not operable to transmit or receive ultrasound
waves. With one-dimensional row an arrangement of transducer elements in only one
direction is meant (arranged one next to the other in a row). With two-dimensional array an
arrangement of the transducer elements in two directions is meant (arranged in rows and
columns).

In a further embodiment the assembly further comprises a conductive
connection layer which electrically connects the top electrode layers of the ultrasound
transducer elements. This is an easy way of providing a common top electrode for external
electrical connection, in particular to ground. In one example, the conductive connection
layer can be (directly) applied to the top electrode layers or it can form the top electrode
layers. In another example, there can be additional conductive layers between the top
electrode layer and the conductive connection layer.

In a further embodiment, the assembly further comprises at least one matching
layer applied to the top electrode layer and/or at least one de-matching layer applied to the
bottom electrode layer. In this way, the performance of the ultrasound transducer assembly
can be improved. By providing at least one matching layer, in particular multiple matching
layers, to the top electrode impedance matching to the body of the user (patient), on which
the ultrasound transducer assembly can be placed, is achieved. By providing at least one de-

matching layer, in particular exactly one de-matching layer, to the bottom electrode reflection
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of basically all of the transmitted energy of the ultrasound waves in the general transmission
direction can be achieved. The matching layer and/or de-matching layer can in particular be
made of a conductive material. In one example, the matching layer(s) can be made of
graphite and/or the de-matching layer(s) can be made of Tungsten or Tungsten carbide.

In a variant of this embodiment the conductive layer is further applied on the
side surface of the at least one matching layer and/or de-matching layer. As it may be
difficult to apply the conductive layer on only part of the specific ultrasound transducer
element (stack of layers), applying the conductive layer also on the side surface of the
matching layer(s) and/or de-matching layer(s) provides an easier way of manufacturing. The
whole side surface of the stack of layers can thus be coated with one conductive layer.

In a variant of this variant a top conductive layer applied to the topmost
matching layer and/or a bottom conductive layer applied to the bottommost de-matching
layer. As it may be difficult to apply the conductive layer on only a side surface of the
specific ultrasound transducer element, applying also a top conductive layer and/or a bottom
conductive layer to the stack of layers provides an easier way of manufacturing.

In yet a further embodiment each of or part of the bottom electrode layers of
the ultrasound transducers elements are connected to at least one semiconductor chip. The
semiconductor chip can for example be an ASIC or the like. The semiconductor chip can be
used to control the transmission and/or reception of the ultrasound transducer elements, for
example using beamforming in order to steer the ultrasound waves at an angle with respect to
the general transmission direction. In particular, external electrical connection, in particular,
to ground, can be provided via the semiconductor chip.

In a further embodiment the bottom electrode layer of the ultrasound
transducer element having the specific piezoelectric layer is connected to a flexible circuit for
external electrical connection. In this way external electrical connection can be provided, in
particular to ground. Thus, an electrical path for the ground return current can be provided. In
a variant of this embodiment, the bottom electrode layer of the specific ultrasound transducer
element is connected to the semiconductor chip, which is connected to the flexible circuit.
Thus, the electrical path for the ground return current can be provided.

In a further embodiment, the conductive layer is applied by metallization. In
this way an easy way of manufacturing, in particular coating of the conductive layer, is
provided. In an example, the conductive layer can be made of gold or any other suitable

conductive material that can be applied by metallization.
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In a variant of this embodiment the metallization is performed by sputtering or
applying conductive epoxy. Sputtering or applying conductive epoxy are particularly suitable
manufacturing methods.

In another embodiment the bottom electrode layers, the top electrode layers,
and the conductive layer are applied in one common metallization step to a common layer of
piezoelectric material. In a variant of this embodiment the ultrasound transducer elements are
cut out or diced out of the common layer of piezoelectric material after the common
metallization step has been performed. By providing a common layer of piezoelectric
material on which a common top electrode layer and a common bottom electrode layer and
the conductive layer on the side surface is applied, the manufacturing process is simplified.
The ultrasound transducer elements then only need to be cut out or diced out of the common
metalized layer of piezoelectric material. In this way, also less variability in the electrical
connection is provided, as there is a common top electrode layer and a common bottom

electrode layer.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects of the invention will be apparent from and elucidated
with reference to the embodiment(s) described hereinafter. In the following drawings

Fig. 1 shows a cross sectional view of an ultrasound transducer assembly
according to an embodiment;

Figs. 2a to 2e show subsequent manufacturing steps of a method of
manufacturing according to an embodiment; and

Figs. 3a to 3g each show a cross sectional view of an ultrasound transducer

assembly according to different embodiments.

DETAILED DESCRIPTION OF THE INVENTION

Fig. 1 shows a cross sectional view of an ultrasound transducer assembly 100
according to an embodiment. The ultrasound transducer assembly 100 comprises ultrasound
transducer elements 175, 175a for transmitting ultrasound waves in a general transmission
direction A. The ultrasound transducer elements 175, 175a can be arranged in a (one-
dimensional) row or an (two-dimensional) array. For simplification purposes, in the cross
sectional view of Fig. 1 only three of those ultrasound transducer elements are illustrated. It
will be understood that there can be any number of additional ultrasound transducer elements

arranged in the row or the array.
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In the embodiment of Fig. 1, each of the ultrasound transducer elements 175,
175a comprises a piezoelectric layer 110, 110a having a top surface, a bottom surface and a
side surface with respect to the general transmission direction A. The top surface and the
bottom surface of the piezoelectric layer 110, 110a are each arranged perpendicular to the
general transmission direction A. The side surface is arranged parallel to the general
transmission direction A. Each of the ultrasound transducer elements 175, 175a further
comprises a bottom electrode layer 111, 111a arranged on the bottom surface of the
piezoelectric layer 110, 110a and a top electrode layer 112, 112a arranged on the top surface
of the piezoelectric layer 110, 110a. With general transmission direction a general direction is
meant in which the ultrasound waves are transmitted from the ultrasound transducer elements
175, 175a. As can be seen in Fig. 1, the top surface or top electrode layer 112, 112a of the
piezoelectric layer 110, 110a i1s arranged further in front in the general transmission direction
A than the corresponding bottom surface or bottom electrode layer 111, 111a of the
piezoelectric layer 110. The general transmission direction A is here perpendicular to a
surface formed by the tops of the ultrasound transducer elements 175, 175a. When a voltage
is applied between the top electrode layer 112 and the bottom electrode layer 111 of a
transducer element 175, ultrasound waves are transmitted from the piezoelectric layer 110 of
that ultrasound transducer element 175 in the general transmission direction A.

A conductive layer 125 is (directly) applied at least partly on the side surface
of at least one specific piezoelectric layer 110a of the piezoelectric layers, in particular on the
entire side surface. The ultrasound transducer element having that specific piezoelectric layer
110a is the transducer element 175a in the embodiment of Fig. 1. As can be seen in Fig. 1,
there are no intermediate layers between the piezoelectric layer 110a and the applied
conductive layer 125, thus the conductive layer 125 1s (directly) applied. The conductive
layer 125 is applied, such that the conductive layer 125 is connected to the top electrode layer
112a and the bottom electrode layer 111a of said specific piezoelectric layer 110a of the
specific transducer element 175a. In this way, a short electrical path between the top
electrode 112a and an external electrical connection (via the bottom electrode 111a), in
particular to ground, can be provided. Such electrical path is schematically indicated by
arrows in Fig. 1. By providing this electrical path from the top electrode layer 112a to the
bottom electrode layer 111a of that specific piezoelectric layer 110a of the specific
ultrasound transducer element 175a, a short electrical path, in particular for ground return

current, is provided and at the same time the manufacturing process is easy.
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In this way, the specific ultrasound transducer element 175a having the
specific piezoelectric layer 110a is created to be a dummy element not operable to transmit or
receive ultrasound waves. Thus, the specific transducer element 175a is sacrificed, as is it not
functioning as an ultrasound transducer element any more. However, even though this
specific ultrasound transducer element 175 is sacrificed, the manufacturing of the ultrasound
transducer assembly 100, which will be explained in more detail further on, is significantly
simplified.

As can be seen in the embodiment of Fig. 1, the specific ultrasound transducer
element 175a having the specific piezoelectric layer 110a (dummy element) is the outermost
ultrasound transducer element 175a in the row or array of ultrasound transducer elements. In
particular, the side surface to which the conductive layer 125 is applied is the side surface
facing outward in the row or the array.

In the embodiment of Fig. 1 the ultrasound transducer assembly 100 further
comprises a conductive connection layer 180 which electrically connects the top electrode
layers 112, 112a. In this embodiment, the conductive connection layer 180 is (directly)
applied to the top electrode layers 112, 112a. Alternatively, it can also form the top electrode
layers 112, 112a. The conductive connection layer 180 connects the top electrode layers 112,
112a in order to provide a return current path, indicated by the arrows in Fig. 1, as previously
explained.

As can be seen in the embodiment of Fig. 1, each of the bottom electrode
layers 111, 111a of the ultrasound transducer elements 175, 175a are connected to a
semiconductor chip 160. This electrical connection is provided using electrically conductive
stud bumps 190. However, the electrical connection can also be provided in any other
suitable way. The semiconductor chip 160 can for example be an ASIC or the like. The
semiconductor chip 160 can be used to control the transmission and/or reception of the
ultrasound transducer elements 175, 175a, for example using beamforming in order to steer
the ultrasound waves at an angle with respect to the general transmission direction A. The
semiconductor chip 160 is arranged on a backing 165 in the embodiment of Fig. 1. The
backing 165 provides support for the transducer assembly. External electrical connection (to
ground) is provided via the semiconductor chip (e.g. ASIC).

The semiconductor chip 160 is connected to a flexible circuit 185 using a
connector 200. In this way, also the bottom electrode layer 111a of the specific ultrasound
transducer element 175a having the specific piezoelectric layer 110a is connected to the

flexible circuit 185 for external electrical connection. Thus, the ground return current path
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can be provided. More particularly, the bottom electrode layer 111a of the specific ultrasound
transducer element 175a is connected to the semiconductor chip 160, which in turn is
connected to the flexible circuit 185, thus providing the ground return current path.

The flexible circuit 185 can comprise a ground wire for such electrical
connection. The flexible circuit 185 can further comprise system channel lines and
semiconductor chip control lines (e.g. ASIC control lines). The system channel lines each
transmit a data signal between a respective one of the transducer elements 175 and an
external ultrasound computation system (not shown) (e.g. an ultrasound imaging system).
Each data signal can for example control the transmission and/or reception of the respective
transducer element 175. The semiconductor chip control lines (e.g. ASIC control lines)
control functionality of the semiconductor chip (e.g. ASIC). A coaxial cable (not shown) can
for example be joined to the flexible circuit 185 for external electrical connection, in
particular to the ultrasound computation system. A ground or voltage and/or current source,
for ground connection or connection to voltage potential, can be located in the ultrasound
computation system. Alternatively, the ground or voltage and/or current source can also be
located at any other suitable position, for example attached to or arranged next to the
ultrasound transducer assembly.

Figs. 2a to 2e show subsequent manufacturing steps of a method of
manufacturing an ultrasound transducer assembly according to an embodiment, in particular
for manufacturing the ultrasound transducer assembly 100 of the embodiment of Fig. 1. In a
first step, shown in Fig. 2a, the method comprises providing a common layer 110" of
piezoelectric material having a top surface, a bottom surface and a side surface. Using this
common piezoelectric layer 100, for each of the ultrasound transducer elements 175, 175a a
piezoelectric layer 110, 110a having a top surface, a bottom surface and a side surface with
respect to the general transmission direction A can be provided.

In a subsequent step, as shown in Fig. 2b, a common bottom electrode layer
111" is applied on the bottom surface of the common piezoelectric layer 100', a common top
electrode layer 112" is applied on the top surface of the common piezoelectric layer 110, and
the conductive layer 125 is applied on each of the side surfaces of the common piezoelectric
layer 100', such that the conductive layer 125 is connected to the common top electrode layer
112" and the common bottom electrode layer 111'. The conductive layer 125 and/or the
electrode layers can be applied by metallization, such for example by sputtering or applying

conductive epoxy. As can be seen in Fig. 2b, the bottom electrode layers 111, 111a, the top
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electrode layers 112, 112a, and the conductive layer 125 are applied in one common
metallization step to the common layer 110" of piezoelectric material.

In a subsequent step, as shown in Fig. 2¢, the ultrasound transducer elements
175, 175a are cut out or diced out of the coated or metalized common layer 110" of
piezoelectric material after the common metallization step (as explained with reference to
Fig. 2b) has been performed.

In this way it can be achieved that for each of the ultrasound transducer
elements 175, 175a, a bottom electrode layer 111, 111a is arranged on the bottom surface of
the piezoelectric layer 110, 110a, and a top electrode layer 112, 112a is arranged on the top
surface of the piezoelectric layer 110, 110a. Further, a conductive layer 125 is (directly)
applied on the side surface(s) of the specific piezoelectric layer(s) 110a, such that the
conductive layer 125 is connected to the top electrode layer 112a and the bottom electrode
layer 111a of that specific piezoelectric layer(s) 110a.

In Fig. 2c¢ the specific ultrasound transducer elements 175a having the specific
piezoelectric layers 110a are the two outermost ultrasound transducer elements at the two
ends of the (one dimensional) row of ultrasound transducer elements. Similarly, if the
ultrasound transducer elements are arranged in an (two-dimensional) array, these are the
ultrasound transducer elements at the edges of the array.

In a further step, with reference to Fig. 2d, a conductive connection layer 180
which electrically connects the top electrode layers 112, 112a can be provided. In this
example, the conductive connection layer 180 is (directly) applied on the top electrode layers
112, 112a.

A final step for providing the ultrasound transducer assembly 100 is shown in
Fig. 2e. The connected transducer elements 175, 175a can be connected to at least one
semiconductor chip 160, which is for example arranged on a backing 165. As can be seen in
Fig. 2e, this can for example be done by using conductive stud bumps 190. Finally, the
semiconductor chip 160 can then be connected to a flexible circuit 185 using a connector
200. It will be understood that the step of Fig. 2e could also be performed before the step of
Fig. 2d.

Figs. 3a to 3g each show a cross sectional view of an ultrasound transducer
assembly 100 according to different embodiments. Fig. 3a shows the basic embodiment as
explained with reference to Fig. 1 or Figs. 2a to 2e. Fig. 3b shows an embodiment which
differs from the basic embodiment of Fig. 3a by an additional first matching layer 120

applied to the top electrode 112, 112a of each ultrasound transducer element 175, 175a. The
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embodiment of Fig. 3¢ differs from the basic embodiment of Fig. 3a by a first matching layer
120 applied to the top electrode 112, 112a of each transducer element 175, 175a and a second
matching layer 130 applied to the first matching layer 120 of each transducer element 175,
175a. By providing the matching layer(s) 120, 130, impedance matching to the body of the
user (patient), on which the ultrasound transducer assembly 100 can be placed, is achieved.
The matching layer(s) 120, 130 can in particular be made of a conductive material (e.g.
graphite). In this way, electrical connection from the top electrode 112 to the conductive
connection layer 180, as previously described, can be provided.

The embodiment of Fig. 3d differs from the embodiment of Fig. 3¢ by an
additional de-matching layer applied to the bottom electrode layer 111, 111a of each
transducer element 175, 175a. By providing the de-matching layer 140 to the bottom
electrode, reflection of basically all of the transmitted energy of the ultrasound waves in the
general transmission direction A can be achieved. The de-matching layer 140 can in
particular be made of a conductive material (e.g. a metal, such as Tungsten, or a carbide, such
as Tungsten carbide).

The embodiment of Fig. 3e differs from the embodiment of Fig. 3d in that the
conductive layer 125 is further (directly) applied on the side surface of the first matching
layer 120a, the second matching layer 130a and the de-matching layer 140a for the specific
transducer element 175a. Applying the conductive layer 125 on the whole side surface of the
specific ultrasound transducer element 175a (stack of layers) is easier than applying it on
only part of the side surface. Thus, the whole side surface of the stack of layers is coated with
the conductive layer 125 in the embodiment of Fig. 3e.

The embodiment of Fig. 3f differs from the embodiment of Fig. 3e, for each
transducer element, by an additional top conductive layer 114, 114a applied to the upmost
matching layer 130, 130a and an additional bottom conductive layer 113, 113a applied to the
bottom most de-matching layer 140, 140a. Thus, the top conductive layer 114, 114a and the
bottom conductive layer 113, 113a are applied on the top surface and the bottom surface of
the stack of layers. Thus, the stack of layers can be coated on all sides, providing an easier
way of manufacturing.

In the embodiment of Fig. 3g the top electrode is not (directly) applied to the
top surface of the piezoelectric layer, but there are intermediate layers between the
piezoelectric layer and the top electrode layer. Each of the ultrasound transducer elements
175, 175a comprises a piezoelectric layer 110, 110a having the top surface, the bottom

surface and the side surface. Each of the ultrasound transducer elements 175, 175a comprises
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a bottom electrode layer 111, 111a arranged on the bottom surface of the piezoelectric layer
110, 110a. A first matching layer 120, 120a is applied on the top surface of each transducer
element 175, 175a, and a second matching layer 130 is applied on the first matching layer
120. The top electrode layer 112, 112a is then applied on the second matching layer 130.
Thus, in this embodiment of Fig. 3g, contrary to the embodiments of the previous figures, the
top electrode layer 112, 112a is not (directly) applied on the top surface of the piezoelectric
layer 110, 110a, but there are intermediate layers in between. However, as the matching
layers 120, 130 are conductive, the top electrode layer 112, 112a can still act as a top
electrode for the piezoelectric element 110, 110a. It will be understood that any number (e.g.
one) of intermediate layers (e.g. matching layer(s)) can be arranged in between. In the same
way (not shown in Fig. 3g), the bottom electrode layer could not be (directly) applied to the
bottom surface of the piezoelectric layer, as shown in Fig. 3g, but could be applied on the
bottom surface of a de-matching layer 140 which is applied on the bottom surface of the
piezoelectric layer.

While the invention has been illustrated and described in detail in the drawings
and foregoing description, such illustration and description are to be considered illustrative or
exemplary and not restrictive; the invention is not limited to the disclosed embodiments.
Other variations to the disclosed embodiments can be understood and effected by those
skilled in the art in practicing the claimed invention, from a study of the drawings, the
disclosure, and the appended claims.

In the claims, the word "comprising" does not exclude other elements or steps,
and the indefinite article "a" or "an" does not exclude a plurality. A single element or other
unit may fulfill the functions of several items recited in the claims. The mere fact that certain
measures are recited in mutually different dependent claims does not indicate that a
combination of these measures cannot be used to advantage.

Any reference signs in the claims should not be construed as limiting the

scope.
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CLAIMS:

1. An ultrasound transducer assembly (100) comprising ultrasound transducer
elements (175, 175a) for transmitting ultrasound waves in a general transmission direction
(A), each of, or each of a part of, the ultrasound transducer elements (175, 175a) comprising:

- a piezoelectric layer (110, 110a) having a top surface, a bottom surface and a
side surface with respect to the general transmission direction (A);

- a bottom electrode layer (111, 111a); and

- a top electrode layer (112, 112a);

wherein a conductive layer (125) is applied at least partly on the side surface
of at least one specific one (110a) of the piezoelectric layers, such that the conductive layer
(125) 1s connected to the top electrode layer (112a) and the bottom electrode layer (111a) of

said specific piezoelectric layer (110a).

2. The ultrasound transducer assembly of claim 1, wherein the ultrasound
transducer element (175a) having the specific piezoelectric layer (110a) is a dummy element

not operable to transmit or receive ultrasound waves.

3. The ultrasound transducer assembly of claim 1, wherein the ultrasound
transducer element (175a) having the specific piezoelectric layer (175a) is the outermost

ultrasound transducer element in a row or an array of the ultrasound transducer elements.

4. The ultrasound transducer assembly of claim 3, wherein side surface to which
the conductive layer (125) is applied is the side surface facing outward in the row or the array

of the ultrasound transducer elements (175, 175a).

5. The ultrasound transducer assembly of claim 1, further comprising a
conductive connection layer (180) which electrically connects the top electrode layers (112,

112a) of the ultrasound transducer elements (175, 175a).
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6. The ultrasound transducer assembly of claim 1, further comprising at least one
matching layer (120, 130) applied to the top electrode layer (112, 112a) and/or at least one
de-matching layer (140) applied to the bottom electrode layer (111, 111a).

7. The ultrasound transducer assembly of claim 6, wherein the conductive layer
(125) 1s further applied on the side surface of the at least one matching layer (120a; 130a)
and/or de-matching layer (140a).

8. The ultrasound transducer assembly of claim 7, further comprising a top
conductive layer (114, 114a) applied to the topmost matching layer and/or a bottom

conductive layer (113, 113a) applied to the bottommost de-matching layer.

9. The ultrasound transducer assembly of claim 1, wherein each of or part of the
bottom electrode layers (111, 111a) of the ultrasound transducers elements (175, 175a) are

connected to at least one semiconductor chip (160).

10. The ultrasound transducer assembly of claim 1, wherein the bottom electrode
layer (111a) of the ultrasound transducer element (175a) having the specific piezoelectric

layer (110a) is connected to a flexible circuit (185) for external electrical connection.

11. A method of manufacturing an ultrasound transducer assembly (100)
comprising ultrasound transducer elements (175, 175a) for transmitting ultrasound waves in a
general transmission direction (A), the method comprising, for each of, or each of a part of,
the ultrasound transducer elements (175, 175a):

- providing a piezoelectric layer (110, 110a) having a top surface, a bottom
surface and a side surface with respect to the general transmission direction (A);

- applying a bottom electrode layer (111, 111a); and

- applying a top electrode layer (112, 112a);

the method further comprising applying a conductive layer (125) at least partly
on the side surface of at least one specific one (110a) of the piezoelectric layers, such that the
conductive layer (125) is connected to the top electrode layer (112a) and the bottom electrode

layer (111a) of said specific piezoelectric layer (110a).
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12. The method of claim 11, wherein the conductive layer (125) is applied by

metallization.

13. The method of claim 12, wherein the metallization is performed by sputtering

or applying conductive epoxy.

14. The method of claim 11, wherein bottom electrode layers (111, 111a), the top
electrode layers (112, 112a), and the conductive layer (125) are applied in one common

metallization step to a common layer (110") of piezoelectric material.

15. The method of claim 14, wherein the ultrasound transducer elements (175,
175a) are cut out or diced out of the common layer (110’) of pieczoelectric material after the

common metallization step has been performed.



WO 2013/001448

1/6

I

175

é112

\110a

112a

175a

\

é 180

S

N~ —]

—_—

AN

N

T—125

200

1M1——E

11
\

190—C

> C Oia

D

—

160~

PCT/IB2012/053216

100

185

165

=

FIG.

1



WO 2013/001448 PCT/IB2012/053216

2/6
A
10— FIG. 2a
112
5
125 1125
110—H- FIG. 2b
|
11"
1758 175 175a
112a é 112 i 112aé
N N N
1251 {125
110a—+~ [ ~11110a

11(1a 110141 11<1a FIG. 2¢c



WO 2013/001448 PCT/IB2012/053216

3/6
175a 175 175a

é11(2a é 1(12 1(80 é11(2a

| ] 7 1

125—1 +—125  FIG. 2d

175a 175 175a 100

AT

125—

/

T—125
200

1902() 190-C D 190-C O 185
160—

165——

FIG. 2e



WO 2013/001448 PCT/IB2012/053216

4/6
175 175 175a

?

100 112 112 112a
\ — } } 3+—180
10— 10 —j:i[qg%
e FIG. 3a
11—k —111a

175 175 175a

100 é é é

A 120 119 120 110a 120a

1 2 \\ { N\ 1\’180
12— — 1123
ol T F1G. 3b
11—+ =—+111a ]
(@) (@) (@)
160—,
175 175 175a
100 £119 é 130 é 180
AN 130F T - —430a
120— \\ 1203
12— — 1123
S ~H-110a
11— - 111a FIG. 3c




WO 2013/001448

100

100

PCT/IB2012/053216

. 7 1+—180
130—F T~130a
120— L 120a
111120~ = 112a
o | --110a
1—125
11— ={111a FIG. 3d
140—t —+140a
@) @) @)
160—
175 175 175a
£110 é 130 é
| \\ / 1"*-/180
130—F F130a
120—t 4 120a
111120~ =1 112a
T T 110a
1—125
11— =1-111a FIG. 3e
140— +1-140a

160—1~,




WO 2013/001448 PCT/IB2012/053216

é 114é 110a é 4
100, 4~ M0 130 \ r Al4a

\ \W—— 7——180
130 +1—130a
120—t —++—120a
112—F —1—112a
o o 0111110’“" \ ‘7:}%5
F =-T111a
140/\: ~+1140a FlG. 3f
M3 (@) CD 1133
160—
175 175 175a
110a
b1 ) )
112
00, 112 MO T30 a
\ | \u—— 7——180
130—F \ 3-130a
120— —+H—120a
® o .110/\ \ A125
=111a




INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2012/053216

A. CLASSIFICATION OF SUBJECT MATTER

INV. BO6B1/06 HO1L41/047
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

BO6B HOIL

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 5 774 960 A (DE FRAGUIER SIXTE [FR] ET 1-15
AL) 7 July 1998 (1998-07-07)
column 1, Tines 5-16
column 4, line 36 - column 5, line 38;
figures 13-15
X US 6 726 631 B2 (HATANGADI RAM [US] ET AL) 1-15
27 April 2004 (2004-04-27)
column 6, line 40 - column 8, line 23;
figures 3-4
X EP 0 785 826 B1 (PARALLEL DESIGN INC [US]) 1-15
3 February 1999 (1999-02-03)
paragraphs [0014] - [0025]; figures 1-5
X US 5 793 149 A (THIEL WOLFGANG [DE] ET AL) 1-4,11,
11 August 1998 (1998-08-11) 12,14,15
column 4, lines 53-64; figures 1-3
column 5, lines 18-41; figure 5

See patent family annex.

D Further documents are listed in the continuation of Box C.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international

- "X" document of particular relevance; the claimed invention cannot be
filing date

considered novel or cannot be considered to involve an inventive

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

26 November 2012

Date of mailing of the international search report

04/12/2012

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Trique, Michael

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/1B2012/053216
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 5774960 A 07-07-1998  FR 2702309 Al 09-09-1994
US 5774960 A 07-07-1998
WO 2004073892 Al 02-09-2004

US 6726631 B2 27-04-2004  CN 1568230 A 19-01-2005
EP 1429870 Al 23-06-2004
JP 4222940 B2 12-02-2009
JP 2005502437 A 27-01-2005
US 2002042577 Al 11-04-2002
WO 03024625 Al 27-03-2003

EP 0785826 Bl 03-02-1999 (N 1162937 A 22-10-1997
DE 69507705 D1 18-03-1999
DE 69507705 T2 17-06-1999
DK 785826 T3 20-09-1999
EP 0785826 Al 30-07-1997
JP H10507600 A 21-07-1998
US 5511550 A 30-04-1996
WO 9611753 Al 25-04-1996

US 5793149 A 11-08-1998  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

#RI&ZBAA
4PN

IPCH %5
CPCH %5
RE(F)
£ AR

H At FF 3Tk
EINE 22

BEG®)

EEREESREM ARG AKA SR — B FEReeEsHE4 (100)
FRTE—BEmAD (A) LRSEFRABBREESETH (175,175
a). BEHRBESRTY (175175a) FHE—IRENBL SEELE
(110,110a) , HEBKRE , EREMEXNF—MREHRSEE (A
MRE , URESPBEHRE (11,1112 ) MIRIPEFE (112,112a) . &
BE (125) ELH P RMEELENED —NEEN— (110a)

HMREL  EESEE (125 ) EEFIMEERE (1122 ) MEILFT

BEReEaR At R EHIES X
EP2723506A1
EP2012748535
ERCAHETROBRAF
ERTEAEN.V.

ERTERAEN.V.

SUDOL WOJTEK

SUDOL, WOJTEK

B06B1/06 HO1L41/047 A61B8/00

2014-04-30

2012-06-26

HO1L41/29 A61B8/4494 B06B1/0607 B06B1/0622 HO1L41/0475 Y10T29/42

STEFFEN , THOMAS
61/501307 2011-06-27 US

EP2723506B1

Espacenet

REEEEBE (110a) WERE (111a) o

patsnap


https://share-analytics.zhihuiya.com/view/810b5e6f-ee3a-41b1-aed6-e9c1913b9b52
https://worldwide.espacenet.com/patent/search/family/046704971/publication/EP2723506A1?q=EP2723506A1

