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Description
FIELD OF THE INVENTION

[0001] 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 re-
lates to a method of manufacturing such ultrasound
transducer assembly.

BACKGROUND OF THE INVENTION

[0002] US 2008/0315331 A1 discloses a transducer
assembly having a ground connection routed through a
viaformedin acMUT array and through an ASIC. A trans-
ducer module comprises a cMUT transducer subarray
formed on a semiconductor substrate with a front elec-
trode positioned over a membrane and with the mem-
brane suspended over insulating supports. The individ-
ual 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.

[0003] US 5.774.960 describes a process relating to
the manufacture of medical echograph probes for estab-
lishing a network of connections to elementary transduc-
er units. The piezoelectric plate is divided into a set of
elementary transducers that are subsequently equipped
with connections, principally characterized in that this
plate is firstly fixed to one face of a first polymer. This film
is drilled at the points where the connections with the
said elementary transducers are to be established.
[0004] US 6.726.631 discloses an apparatus for apo-
dization is exemplified in an ultrasound transducer. The
manufacture of this apparatus is improved by the making
of composite cuts into metallized piezoelectric material
according to a predetermined pattern which generally
varies the concentration of piezoelectric material across
the surface of the transducer.

[0005] EP 0785826 describes an ultrasonic transducer
array with apodized elevation focus. The control of the
elevation focus is realized via providing a rear electrode
applied to the substrate’s rear surface and a patterned
front electrode applied to the substrate’s front surface.
An acoustic matching layer overlays the patterned front
electrode. The front electrode is specially patterned along
an elevation axis perpendicular to the imaging plane, so
as to apodize the emitted ultrasonic beamin the elevation
plane.

SUMMARY OF THE INVENTION

[0006] Itis an object of the presentinvention to provide
an ultrasound transducer assembly in accordance with
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claim 1 and corresponding method of manufacturing ac-
cordingto claim 11 that provides an easier manufacturing
and thus a cheaper ultrasound transducer assembly.
[0007] In a first aspect of the present invention an ul-
trasound transducer assembly is presented that compris-
es ultrasound transducer elements for transmitting ultra-
sound 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 elec-
trode layer and a top electrode layer. Further, a conduc-
tive 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 layer is connected to the
top electrode layer and the bottom electrode layer of said
specific piezoelectric layer.

[0008] In a further aspect of the present invention a
method of manufacturing an ultrasound transducer as-
sembly is presented, the assembly comprising ultra-
sound 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 hav-
ing 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 apply-
ing a bottom electrode layer, and arranging or applying
a top electrode layer. The method further comprises (di-
rectly) applying a conductive layer at least partly on the
side surface of at least one specific one of the piezoe-
lectric layers, such that the conductive layer is connected
to the top electrode layer and the bottom electrode layer
of said specific piezoelectric layer.

[0009] In another aspect a method of manufacturing
an ultrasound transducer assembly is presented, the as-
sembly 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 con-
ductive layer on each of the side surfaces of the common
piezoelectric layer, such that the conductive layer is con-
nected to the common top electrode layer and the com-
mon bottom electrode layer. The method further com-
prises cutting or dicing the ultrasound transducer ele-
ments out of the coated common layer of piezoelectric
material.

[0010] 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 ar-
ranged further in front in the general transmission direc-



3 EP 2 723 506 B1 4

tion 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 ul-
trasound transducer elements. The bottom surface and
the top surface of the piezoelectric layer can each be
arranged perpendicular to the general transmission di-
rection 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 direc-
tion. The bottom electrode layer acts as a bottom elec-
trode for the piezoelectric layer or transducer element.
The top electrode layer acts as a top electrode for the
piezoelectric layer or transducer element.

[0011] Preferably, the bottom electrode layeris applied
on the bottom surface of the piezoelectric layer, and the
top electrode layer applied on the top surface of the pi-
ezoelectric layer. Alternatively, there can also be inter-
mediate layers between the piezoelectric layer and the
electrodes.

[0012] 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
particularon 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 bot-
tom 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 connec-
tion to a voltage potential can be provided. By providing
an electrical path from the top electrode layer to the bot-
tom 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.

[0013] Preferred embodiments of the invention are de-
fined in the dependent claims. It shall be understood that
the claimed method of manufacturing has similar and/or
identical preferred embodiments as the claimed ultra-
sound transducer assembly and as defined in the de-
pendent 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.

[0014] In one embodiment the ultrasound transducer
element having the specific piezoelectric layer is a dum-
my element not operable to transmit or receive ultra-
sound waves. By providing an electrical path between
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the top electrode layer and the bottom electrode layer of
that specific piezoelectric layer or corresponding ultra-
sound transducer element, the piezoelectric layer is not
functional any more. Thus, that specific ultrasound trans-
ducer element is a dummy element not operable to trans-
mit or receive ultrasound waves. Therefore, that specific
transducer element is sacrificed, as it is not functioning
as a transducer element any more. However, even
though that specific ultrasound transducer element is
sacrificed, the manufacturing of the ultrasound transduc-
er assembly is significantly simplified, thus providing a
cheaper ultrasound transducer assembly.

[0015] In a further embodiment the ultrasound trans-
ducer 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 conduc-
tive layer is applied to the outermost ultrasound trans-
ducer 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.

[0016] In a further variant of this embodiment, the ul-
trasound transducer elements having the specific piezo-
electric layers are the outermost ultrasound transducer
elements at the ends of a (one-dimensional) row or an
(two-dimensional) array of ultrasound transducer ele-
ments. In this way, part of or all of the ultrasound trans-
ducer elements at the two ends of the (one-dimensional)
row or the edges of the (two-dimensional) array of ultra-
sound transducer elements can be dummy elements not
operable to transmit or receive ultrasound waves. With
one-dimensional row an arrangement of transducer ele-
ments in only one direction is meant (arranged one next
to the other in a row). With two-dimensional array an ar-
rangement of the transducer elements in two directions
is meant (arranged in rows and columns).

[0017] In a further embodiment the assembly further
comprises a conductive connection layer which electri-
cally 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 elec-
trode layers or it can form the top electrode layers. In
another example, there can be additional conductive lay-
ers between the top electrode layer and the conductive
connection layer.

[0018] 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 ap-
plied to the bottom electrode layer. In this way, the per-
formance 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
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placed, is achieved. By providing at least one de-match-
ing layer, in particular exactly one de-matching layer, to
the bottom electrode reflection of basically all of the trans-
mitted 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.
[0019] 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 lay-
ers), applying the conductive layer also on the side sur-
face 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.

[0020] Ina variantof 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 trans-
ducer element, applying also a top conductive layer
and/or a bottom conductive layer to the stack of layers
provides an easier way of manufacturing.

[0021] 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 ultra-
sound transducer elements, for example using beam-
forming in order to steer the ultrasound waves at an angle
with respect to the general transmission direction. In par-
ticular, external electrical connection, in particular, to
ground, can be provided via the semiconductor chip.
[0022] In a further embodiment the bottom electrode
layer of the ultrasound transducer element having the
specific piezoelectric layer is connected to a flexible cir-
cuit 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 pro-
vided.

[0023] 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 lay-
er, 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.

[0024] In avariant of this embodiment the metallization
is performed by sputtering or applying conductive epoxy.
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Sputtering or applying conductive epoxy are particularly
suitable manufacturing methods.

[0025] In another embodiment the bottom electrode
layers, the top electrode layers, and the conductive layer
are applied in one common metallization step to a com-
mon 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 ma-
terial after the common metallization step has been per-
formed. 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 me-
talized 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

[0026] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiment(s) described hereinafter. In the following draw-
ings

Fig. 1 shows a cross sectional view of an ultrasound
transducer assembly according to an embodiment;
Figs. 2ato 2e show subsequent manufacturing steps
of a method of manufacturing according to an em-
bodiment; and

Figs. 3a to 3g each show a cross sectional view of
an ultrasound transducer assembly according to dif-
ferent embodiments.

DETAILED DESCRIPTION OF THE INVENTION

[0027] Fig. 1 shows a cross sectional view of an ultra-
sound transducer assembly 100 according to an embod-
iment. The ultrasound transducer assembly 100 compris-
es ultrasound transducer elements 175, 175a for trans-
mitting ultrasound waves in a general transmission di-
rection 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 ultra-
sound transducer elements are illustrated. It will be un-
derstood that there can be any number of additional ul-
trasound transducer elements arranged in the row or the
array.

[0028] In the embodiment of Fig. 1, each of the ultra-
sound transducer elements 175, 175a comprises a pie-
zoelectric 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 ar-
ranged perpendicular to the general transmission direc-
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tion A. The side surface is arranged parallel to the general
transmission direction A. Each of the ultrasound trans-
ducer elements 175, 175a further comprises a bottom
electrode layer 111, 111aarranged on the bottom surface
of the piezoelectric layer 110, 110a and a top electrode
layer 112, 112a arranged on the top surface of the pie-
zoelectric layer 110, 110a. With general transmission di-
rection a general direction is meant in which the ultra-
sound waves are transmitted from the ultrasound trans-
ducer elements 175, 175a. As can be seen in Fig. 1, the
top surface or top electrode layer 112, 112a of the pie-
zoelectric layer 110, 110a is arranged further in front in
the general transmission direction Athan the correspond-
ing 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 elec-
trode layer 112 and the bottom electrode layer 111 of a
transducer element 175, ultrasound waves are transmit-
ted from the piezoelectric layer 110 of that ultrasound
transducer element 175 in the general transmission di-
rection A.

[0029] 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 par-
ticular on the entire side surface. The ultrasound trans-
ducer 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 interme-
diate layers between the piezoelectric layer 110a and the
applied conductive layer 125, thus the conductive layer
125 is (directly) applied. The conductive layer 125 is ap-
plied, 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 spe-
cific piezoelectric layer 110a of the specific ultrasound
transducer element 175a, a short electrical path, in par-
ticular for ground return current, is provided and at the
same time the manufacturing process is easy.

[0030] In this way, the specific ultrasound transducer
element 175a having the specific piezoelectriclayer 110a
is created to be a dummy element not operable to trans-
mit or receive ultrasound waves. Thus, the specific trans-
ducer element 175a is sacrificed, as is it not functioning
as an ultrasound transducer element any more. Howev-
er, even though this specific ultrasound transducer ele-
ment 175 is sacrificed, the manufacturing of the ultra-
sound transducer assembly 100, which will be explained
in more detail further on, is significantly simplified.
[0031] Ascan be seen in the embodiment of Fig. 1, the
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specific ultrasound transducer element 175a having the
specific piezoelectric layer 110a (dummy element) is the
outermost ultrasound transducer element 175ain the row
or array of ultrasound transducer elements. In particular,
the side surface to which the conductive layer 125 is ap-
plied is the side surface facing outward in the row or the
array.

[0032] 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 con-
ductive 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, indi-
cated by the arrows in Fig. 1, as previously explained.
[0033] As can be seen in the embodiment of Fig. 1,
each of the bottom electrode layers 111, 111a of the ul-
trasound 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 semicon-
ductor 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 trans-
ducer assembly. External electrical connection (to
ground) is provided via the semiconductor chip (e.g.
ASIC).

[0034] 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 ul-
trasound transducer element 175a having the specific
piezoelectriclayer 110ais connected to the flexible circuit
185 for external electrical connection. Thus, the ground
return current path can be provided. More particularly,
the bottom electrode layer 111a of the specific ultrasound
transducer element 175a is connected to the semicon-
ductor chip 160, which in turn is connected to the flexible
circuit 185, thus providing the ground return current path.
[0035] The flexible circuit 185 can comprise a ground
wire for such electrical connection. The flexible circuit
185 can further comprise system channel lines and sem-
iconductor chip control lines (e.g. ASIC control lines). The
system channel lines each transmit a data signal be-
tween 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.
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ASIC). A coaxial cable (not shown) can for example be
joined to the flexible circuit 185 for external electrical con-
nection, in particular to the ultrasound computation sys-
tem. A ground or voltage and/or current source, for
ground connection or connection to voltage potential, can
be located in the ultrasound computation system. Alter-
natively, the ground or voltage and/or current source can
also belocated at any other suitable position, for example
attached to or arranged next to the ultrasound transducer
assembly.

[0036] Figs. 2a to 2e show subsequent manufacturing
steps of a method of manufacturing an ultrasound trans-
ducer assembly according to an embodiment, in partic-
ular for manufacturing the ultrasound transducer assem-
bly 100 of the embodiment of Fig. 1. In afirst 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 trans-
ducer elements 175, 175a a piezoelectriclayer110,110a
having a top surface, a bottom surface and a side surface
with respect to the general transmission direction A can
be provided.

[0037] 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 sur-
faces 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 elec-
trode 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 electrode layers 112, 112a, and the con-
ductive layer 125 are applied in one common metalliza-
tion step to the common layer 110’ of piezoelectric ma-
terial.

[0038] In a subsequent step, as shown in Fig. 2c, 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.

[0039] In this way it can be achieved that for each of
the ultrasound transducer elements 175, 175a, a bottom
electrode layer 111, 111ais arranged on the bottom sur-
face of the piezoelectric layer 110, 110a, and a top elec-
trode 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 con-
ductive layer 125 is connected to the top electrode layer
112a and the bottom electrode layer 111a of that specific
piezoelectric layer(s) 110a.

[0040] In Fig. 2c the specific ultrasound transducer el-
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ements 175a having the specific piezoelectric layers
110a are the two outermost ultrasound transducer ele-
ments at the two ends of the (one dimensional) row of
ultrasound transducer elements. Similarly, if the ultra-
sound transducer elements are arranged in an (two-di-
mensional) array, these are the ultrasound transducer
elements at the edges of the array.

[0041] In a further step, with reference to Fig. 2d, a
conductive connection layer 180 which electrically con-
nects 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.
[0042] A final step for providing the ultrasound trans-
ducer 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.

[0043] Figs. 3ato 3geach show a cross sectional view
of an ultrasound transducer assembly 100 according to
different embodiments. Fig. 3a shows the basic embod-
iment 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 match-
ing layer 120 applied to the top electrode 112, 112a of
each ultrasound transducer element 175, 175a. The em-
bodiment of Fig. 3c 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, im-
pedance 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. graph-
ite). In this way, electrical connection from the top elec-
trode 112 to the conductive connection layer 180, as pre-
viously described, can be provided.

[0044] The embodiment of Fig. 3d differs from the em-
bodiment of Fig. 3c 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).
[0045] The embodiment of Fig. 3e differs from the em-
bodiment 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 transduc-
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er element 175a. Applying the conductive layer 125 on
the whole side surface of the specific ultrasound trans-
ducer element 175a (stack of layers) is easier than ap-
plying it on only part of the side surface. Thus, the whole
side surface of the stack of layers is coated with the con-
ductive layer 125 in the embodiment of Fig. 3e.

[0046] The embodiment of Fig. 3f differs from the em-
bodiment 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 bot-
tom conductive layer 113, 113a applied to the bottom
most de-matching layer 140, 140a. Thus, the top con-
ductive 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.

[0047] In the embodiment of Fig. 3g the top electrode
is not (directly) applied to the top surface of the piezoe-
lectric layer, but there are intermediate layers between
the piezoelectric layer and the top electrode layer. Each
of the ultrasound transducer elements 175, 175a com-
prises a piezoelectric layer 110, 110a having the top sur-
face, the bottom surface and the side surface. Each of
the ultrasound transducer elements 175, 175a comprises
a bottom electrode layer 111, 111a arranged on the bot-
tom 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 embod-
iment of Fig. 3g, contrary to the embodiments of the pre-
vious 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 be-
tween. 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 ar-
ranged in between. In the same way (not shown in Fig.
39), 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.

[0048] While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, suchiillustration and description are to be considered
illustrative or exemplary and not restrictive; the invention
is not limited to the disclosed embodiments. Other vari-
ations 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 dis-
closure, and the appended claims.

[0049] In the claims, the word "comprising" does not
exclude other elements or steps, and the indefinite article
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"a" or "an" does not exclude a plurality. A single element
or other unit may fulfill the functions of several items re-
cited 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.

[0050] Any reference signs in the claims should not be
construed as limiting the scope.

Claims

1. An ultrasound transducer assembly (100) compris-
ing ultrasound transducer elements (175, 175 a) for
transmitting ultrasound waves in a general transmis-
sion direction (A), each of, or each of a part of, the
ultrasound transducer elements (175, 175a) com-
prising:

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

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

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

- at least one matching layer (120, 130) applied
to the 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 con-
ductive layer (125) is connected to the top electrode
layer (112a) and the bottom electrode layer (111a)
of said specific piezoelectric layer (110a);
characterized in that

the conductive layer (125) is further applied on the
side surface ofthe atleast one matching layer (120a;
130a)

2. The ultrasound transducer assembly of claim 1,
wherein the ultrasound transducer element (175 a)
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 (175 a)
having the specific piezoelectric layer (175 a) 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 el-
ements (175, 175a).

5. The ultrasound transducer assembly of claim 1, fur-
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ther comprising a conductive connection layer (180)
which electrically connects the top electrode layers
(112, 112a) of the ultrasound transducer elements
(175, 175a).

The ultrasound transducer assembly of claim 1, fur-
ther comprising at least one de-matching layer (140)
applied to the bottom electrode layer (111, 111a).

The ultrasound transducer assembly of claim 6,
wherein the conductive layer (125) is further applied
on the side surface of the at least one the de-match-
ing layer (140a).

The ultrasound transducer assembly of claim 7, fur-
ther comprising a top conductive layer (114, 114a)
applied to the topmost matching layer and/or a bot-
tom conductive layer (113, 113a) applied to the bot-
tommost de-matching layer.

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 semicon-
ductor chip (160).

The ultrasound transducer assembly of claim 1,
wherein the bottom electrode layer (111a) of the ul-
trasound transducer element (175a) having the spe-
cific piezoelectric layer (110a) is connected to a flex-
ible circuit (185) for external electrical connection.

Amethod 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) hav-
ing 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);

- applying at least one of matching layers (120,
130) to the top electrode layer (112, 112a) and
at least one de-matching layer (140) to the bot-
tom electrode layer (111, 111a);

- 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.

13.

14.

15.

characterized in that the method further comprising
applying the conductive layer (125) on the side sur-
face of the at least one of matching layer (120a;
130a) and de-matching layer (140a).

The method of claim 11, wherein the conductive lay-
er (125) is applied by metallization.

The method of claim 12, wherein the metallization is
performed by sputtering or applying conductive
epoxy.

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.

The method of claim 14, wherein the ultrasound
transducer elements (175, 175a) are cut out or diced
out of the common layer (110’) of piezoelectric ma-
terial after the common metallization step has been
performed.

Patentanspriiche

1.

Ultraschallwandleranordnung (100) mit Ultraschall-
wandlerelementen (175, 175a) zur Ubertragung von
Ultraschallwellen in einer allgemeinen Ubertra-
gungsrichtung (A), wobei jedes oder jeweils ein Teil
der Ultraschallwandlerelemente (175, 175a) um-
fasst:

- eine piezoelektrische Schicht (110, 110a) mit
einer Oberseite, einer Unterseite sowie einer
Seitenflaiche im Hinblick auf die allgemeine
Ubertragungsrichtung (A);

- eine untere Elektrodenschicht (111, 111a); so-
wie

- eine obere Elektrodenschicht (112, 112a);

- mindestens eine auf der oberen Elektroden-
schicht (112, 112a) aufgebrachte Anpassungs-
schicht (120, 130);

wobei eine leitende Schicht (125) zumindest teilwei-
se auf die Seitenflache von mindestens einer spezi-
fischen (110a) der piezoelektrischen Schichten auf-
gebracht wird, so dass die leitende Schicht (125) mit
der oberen Elektrodenschicht (112a) und der unte-
ren Elektrodenschicht (111a) der spezifischen pie-
zoelektrischen Schicht (110a) verbunden ist; da-
durch gekennzeichnet, dass

die leitende Schicht (125) weiterhin auf der Seiten-
fliche der mindestens einen Anpassungsschicht
(120a; 130a) aufgebracht wird.

Ultraschallwandleranordnung nach Anspruch 1, wo-
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bei das Ultraschallwandlerelement (175a) mit der
spezifischen piezoelektrischen Schicht (110a) ein
Dummyelement ist, das nicht imstande ist, Ultra-
schallwellen zu Ubertragen oder zu empfangen.

Ultraschallwandleranordnung nach Anspruch 1, wo-
bei das Ultraschallwandlerelement (175a) mit der
spezifischen piezoelektrischen Schicht (175a) das
aullerste Ultraschallwandlerelement in einer Reihe
oder einem Array der Ultraschallwandlerelemente
ist.

Ultraschallwandleranordnung nach Anspruch 3, wo-
bei die Seitenflache, auf der die leitende Schicht
(125) aufgetragen wird, die Seitenflache ist, die in
der Reihe oder dem Array der Ultraschallwandlere-
lemente (175, 175a) nach auRen weist.

Ultraschallwandleranordnung nach Anspruch 1, die
weiterhin eine leitende Verbindungsschicht (180)
umfasst, welche die oberen Elektrodenschichten
(112, 112a) der Ultraschallwandlerelemente (175,
175a) elektrisch verbindet.

Ultraschallwandleranordnung nach Anspruch 1, die
weiterhin mindestens eine auf die untere Elektroden-
schicht (111, 111a) aufgebrachte Anpassungsauf-
hebungsschicht (140) umfasst.

Ultraschallwandleranordnung nach Anspruch 6, wo-
bei die leitende Schicht (125) weiterhin auf der Sei-
tenflache der mindestens einen Anpassungsaufhe-
bungsschicht (140a) aufgebracht wird.

Ultraschallwandleranordnung nach Anspruch 7, die
weiterhin eine auf die oberste Anpassungsschicht
aufgebrachte, obere leitende Schicht (114, 114a)
und/oder eine auf die unterste Anpassungsaufhe-
bungsschicht aufgebrachte, untere leitende Schicht
(113, 113a) umfasst.

Ultraschallwandleranordnung nach Anspruch 1, wo-
bei jede oder ein Teil der unteren Elektrodenschich-
ten (111, 111a) der Ultraschallwandlerelemente
(175, 175a) mit mindestens einem Halbleiterchip
(160) verbunden ist.

Ultraschallwandleranordnung nach Anspruch 1, wo-
bei die untere Elektrodenschicht (111a) des die spe-
zifische piezoelektrische Schicht (110a) aufweisen-
den Ultraschallwandlerelements (175a) mit einer fle-
xiblen Schaltung (185) zum externen elektrischen
Anschluss verbunden ist.

Verfahren zur Herstellung einer Ultraschallwandler-
anordnung (100) mit Ultraschallwandlerelementen
(175, 175a) zur Ubertragung von Ultraschallwellen
in einer allgemeinen Ubertragungsrichtung (A), wo-
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12.

13.

14.

15.

bei das Verfahren fiir jedes oder jeweils einen Teil
der Ultraschallwandlerelemente (175, 175a) die fol-
genden Schritte umfasst, wonach:

- eine piezoelektrische Schicht (110, 110a) mit
einer Oberseite, einer Unterseite sowie einer
Seitenflaiche im Hinblick auf die allgemeine
Ubertragungsrichtung (A) vorgesehen wird;

- eine untere Elektrodenschicht (111, 111a) auf-
gebracht wird; und

- eine obere Elektrodenschicht (112, 112a) auf-
gebracht wird;

- mindestens eine Anpassungsschicht (120,
130) auf der oberen Elektrodenschicht (112,
112a) und mindestens eine Anpassungsaufhe-
bungsschicht (140) auf der unteren Elektroden-
schicht (111, 111a) aufgebracht werden;

- eine leitende Schicht (125) zumindest teilweise
auf der Seitenflache von mindestens einer spe-
zifischen (110a) der piezoelektrischen Schich-
ten aufgebracht wird, so dass die leitende
Schicht (125) mit der oberen Elektrodenschicht
(112a) und der unteren Elektrodenschicht
(111a) der spezifischen piezoelektrischen
Schicht(110a) verbundenist; dadurch gekenn-
zeichnet, dass das Verfahren weiterhin den
Schritt des

Aufbringens der leitenden Schicht (125) auf der Sei-
tenflache der jeweils mindestens einen Anpas-
sungsschicht (120a; 130a) und Anpassungsaufhe-
bungsschicht (140a) umfasst.

Verfahren nach Anspruch 11, wobei die leitende
Schicht (125) durch Metallisierung aufgebracht wird.

Verfahren nach Anspruch 12, wobei die Metallisie-
rung durch Sputtern oder Aufbringen von leitendem
Epoxid durchgefiihrt wird.

Verfahren nach Anspruch 11, wobei die unteren
Elektrodenschichten (111, 111a), die oberen Elek-
trodenschichten (112, 112a) und die leitende Schicht
(125) in einem gemeinsamen Metallisierungsschritt
auf eine gemeinsame Schicht (110’) aus piezoelek-
trischen Material aufgetragen werden.

Verfahren nach Anspruch 14, wobei die Ultraschall-
wandlerelemente (175, 175a) nach Durchfiihrung
des gemeinsamen Metallisierungsschrittes aus der
gemeinsamen Schicht (110’) aus piezoelektrischem
Material ausgeschnitten oder herausgetrennt wer-
den.

Revendications

1.

Ensemble transducteur ultrasonique (100) compre-
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nant des éléments de transducteur ultrasonique
(175, 175a) pour transmettre des ondes ultrasoni-
ques dans une direction générale de transmission
(A), chacun, ou chacun d’'une partie, des éléments
de transducteur ultrasonique (175, 175a)
comprenant :

- une couche piézoélectrique (110, 110a) com-
portant une surface supérieure, une surface in-
férieure et une surface latérale par rapport a la
direction générale de transmission (A) ;

- une couche d’électrode inférieure (111, 111
a); et

- une couche d’électrode supérieure (112,
112a) ;

-aumoins une couche d’appariement (120, 130)
appliquée a la couche d’électrode supérieure
(112, 112a) ;

dans lequel une couche conductrice (125) est appli-
quée au moins partiellement sur la surface latérale
d’au moins une couche piézoélectrique spécifique
(110a) parmi les couches piézoélectriques, de telle
sorte que la couche conductrice (125) est connectée
a la couche d’électrode supérieure (112a) et a la
couche d’électrode inférieure (111a) de ladite cou-
che piézoélectrique spécifique (110a) ; caractérisé
en ce que

la couche conductrice (125) est en outre appliquée
sur la surface latérale de I'au moins une couche d’ap-
pariement (120a; 130a).

Ensemble transducteur ultrasonique selon la reven-
dication 1, dans lequel I'élément de transducteur ul-
trasonique (175a) comportant la couche piézoélec-
trique spécifique (110a) est un élément factice non
exploitable pour transmettre ou recevoir des ondes
ultrasoniques.

Ensemble transducteur ultrasonique selon la reven-
dication 1, dans lequel I'élément de transducteur ul-
trasonique (175a) comportant la couche piézoélec-
trique spécifique (175a) est I'élément de transduc-
teur ultrasonique le plus externe dans une rangée
ou un réseau des éléments de transducteur ultraso-
nique.

Ensemble transducteur ultrasonique selon la reven-
dication 3, dans lequel la surface latérale a laquelle
la couche conductrice (125) est appliquée est la sur-
face latérale faisant face vers I'extérieur dans la ran-
gée ou le réseau des éléments de transducteur ul-
trasonique (175, 175a).

Ensemble transducteur ultrasonique selon la reven-
dication 1, comprenant en outre une couche conduc-
trice de connexion (180) qui connecte électrique-
ment les couches d’électrode supérieures (112,
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10

10.

1.

112a) des éléments de transducteur ultrasonique
(175, 175a).

Ensemble transducteur ultrasonique selon la reven-
dication 1, comprenant en outre au moins une cou-
che de désappariement (140) appliquée a la couche
d’électrode inférieure (111, 111 a).

Ensemble transducteur ultrasonique selon la reven-
dication 6, dans lequel la couche conductrice (125)
esten outre appliquée surla surface latérale de ladite
au moins une couche de désappariement (140a).

Ensemble transducteur ultrasonique selon la reven-
dication 7, comprenant en outre une couche conduc-
trice supérieure (114, 114a) appliquée a la couche
d’appariement tout en haut et/ou a une couche con-
ductrice inférieure (113, 113a) appliquée ala couche
de désappariement tout en bas.

Ensemble transducteur ultrasonique selon la reven-
dication 1, dans lequel chacune ou une partie des
couches d’électrode inférieures (111, 111a) des élé-
ments de transducteur ultrasonique (175, 175a) est
connectée a au moins une puce a semiconducteurs
(160).

Ensemble transducteur ultrasonique selon la reven-
dication 1, dans lequel la couche d’électrode infé-
rieure (111a) de I'élément de transducteur ultraso-
nique (175a) comportant la couche piézoélectrique
spécifique (110a) est connectée a un circuit flexible
(185) pour une connexion électrique externe.

Procédé de fabrication d’'un ensemble transducteur
ultrasonique (100) comprenant des éléments de
transducteur ultrasonique (175, 175a) pour trans-
mettre des ondes ultrasoniques dans une direction
générale de transmission (A), le procédé compre-
nant, pour chacun, ou chacun d’'une partie, des élé-
ments de transducteur ultrasonique (175, 175a) :

- la fourniture d’'une couche piézoélectrique
(110, 110a) comportant une surface supérieure,
une surface inférieure et une surface latérale
par rapport a la direction générale de transmis-
sion (A) ;

- 'application d’'une couche d’électrode inférieu-
re (111, 111a) ; et

- 'application d’une couche d’électrode supé-
rieure (112, 112a) ;

- I'application d’au moins I'une parmi des cou-
ches d’appariement (120, 130) a la couche
d’électrode supérieure (112, 112a) et d’au
moins une couche de désappariement (140) a
la couche d’électrode inférieure (111, 111 a) ;
- l'application d’une couche conductrice (125)
au moins partiellement sur la surface latérale
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d’au moins une couche piézoélectrique spécifi-
que (110a) parmi les couches piézoélectriques,
de telle sorte que la couche conductrice (125)
est connectée a la couche d’électrode supérieu-
re (112a) et a la couche d’électrode inférieure
(111a) de ladite couche piézoélectrique spécifi-
que (110a) ;

caractérisé en ce que le procédé comprend en
outre

I'application de la couche conductrice (125) sur la
surface latérale de ladite au moins une parmila cou-
che d’appariement (120a ; 130a) etla couche de dé-
sappariement (140a).

Procédé selon la revendication 11, dans lequel la
couche conductrice (125) est appliquée par métalli-
sation.

Procédé selon la revendication 12, dans lequel la
métallisation est effectuée par pulvérisation ou ap-
plication d’époxy conducteur.

Procédé selon la revendication 11, dans lequel les
couchesd’électrodeinférieures (111, 111a), les cou-
ches d’électrode supérieures (112, 112a) et la cou-
che conductrice (125) sont appliquées dans une éta-
pe de métallisation commune a une couche commu-
ne (110’) de matériau piézoélectrique.

Procédé selon la revendication 14, dans lequel les
éléments de transducteur ultrasonique (175, 175 a)
sont coupés ou découpés en dés hors de la couche
commune (110’) de matériau piézoélectrique apres
que I'étape de métallisation commune a été exécu-
tée.
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