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(57) ABSTRACT

An ultrasound transducer matrix array for an ultrasound
probe having a large field of view both in azimuth and eleva-
tion direction is proposed. The ultrasound transducer matrix
array (1') comprises a center region (11') and at least three
branch regions (13) each comprising a 2-dimensional matrix
array (5) of ultrasound transducer elements (3). The center
region comprises at least three edges (15) from which the
respective branch regions extend. Each branch region (13) is
curved around an axis parallel to the edge (15) of the center
region (11) from which the respective branch region (13)
extends. With an ultrasound probe comprising such ultra-
sound transducer area with branch regions interconnected by
acommon, preferably flat center region, an ideal matrix array
having a field of view with a spheroidal shape may be
approximated.
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ULTRASOUND PROBE WITH LARGE FIELD
OF VIEW AND METHOD FOR FABRICATING
SUCH ULTRASOUND PROBE

FIELD OF THE INVENTION

[0001] The invention relates to an ultrasound probe which
has a large field of view due to a specific geometric arrange-
ment of ultrasound transducer array elements. Furthermore,
the invention relates to a method of fabricating an ultrasound
probe.

BACKGROUND OF THE INVENTION

[0002] In medical ultrasound applications, ultrasound
transducers are generally used for transmission and reception
of ultrasonic or acoustic waves during ultrasound imaging.
[0003] The region within the patient’s body from which an
image can be obtained with sufficiently high image quality
and sufficiently low levels of artefacts is referred to as the field
of view. A transducer’s field of view depends on several
factors, among them the transducer array element size, the
transducer array aperture, and the transducer array geometry.
[0004] Many transducers available on the market comprise
a 1D array of ultrasound transducer elements. Each element is
a separate, nominally-independent transducer that is used to
both transmit ultrasound energy into a body of a patient and
receive echoes from structures within the body. Medical ultra-
sound usually operates in the 1-20 MHz frequency range,
necessary to provide imaging detail appropriate to the struc-
tures with the human body. Lower and higher frequencies
may be used for specific applications.

[0005] Each elementin a 1D array is typically rectangular,
with a narrow extent in one direction (commonly referred to
as the azimuth direction), a longer extent in an orthogonal
direction (commonly referred to as the elevation direction),
and a thickness in the direction orthogonal to the other two
directions (commonly referred to as range direction). The size
of a transducer element, i.e. its width in the azimuth direction
and length in the elevation directions, may determine its
acceptance angle at a given frequency. This acceptance angle
may be the angle at which an element receives enough energy
to contribute constructively to an ultrasound signal. As ele-
ment width increases, the acceptance angle generally
decreases. Furthermore, acceptance angle is also a function of
frequency; for a given width the acceptance angle generally
decreases with increasing frequency.

[0006] While a 1D transducer array usually focuses ultra-
sonic energy in the elevation direction to a fixed focus region
by placing a cylindrical acoustic lens on a face of the trans-
ducer array, a region of interest may be scanned in the azimuth
direction typically in one of two basic formats: “sector scan-
ning” or “linear scanning”.

[0007] With sector scanning, the field of view may be a
section of a circle with its center in the center of the face of the
array. With the sector scan format, the ultrasound beams may
be steered radially from the center of the array, and an angle
of each successive beam may be different. The delays applied
to transmit and receive signals may determine both the steer-
ing angle and the focus. Transducers that use a sector scan
format are commonly referred to as sector arrays or phased
arrays. Such transducers may have elements with widths in
the order of A/2, where A may be defined as the acoustic
wavelength at the frequency in the center of the band in which
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the transducer operates. A typical phased array provides a
field of view with a sector width of 90°.

[0008] Alternatively, with a linear scan format, each beam
may be perpendicular to the face of the array, and the position
of'the beam along the array face may be translated laterally to
sweep out a rectangular field of view. In this case, the beams
may not be steered but are only focused. The delays applied to
the transmit and receive signals determine the location of the
focus. Transducers that use the linear scan format are com-
monly referred to as linear arrays, and may have elements
with widths in the order of A. The width of the rectangular
field of view is typically the same as the azimuthal length of
the transducer.

[0009] It may also be possible to build arrays that are
curved, and which provide a curved field of view. These
transducers typically operate with a linear scan format, i.e.
with ultrasound beams that are projected perpendicular to the
face of the array. The curvature in the field of view may be
provided by translating the ultrasound beams along a curved
surface rather than by steering them. Curved transducer
arrays operating in a linear scan mode are sometimes referred
to as “curved linear arrays” (CLA). Curved linear arrays may
provide a larger field of view than flat linear arrays, while
avoiding the image quality compromises involved with steer-
ing acoustic beams. It may also be possible to have a curved
field of view that is larger than the 90° sector typically avail-
able from a sector array.

[0010] Tt should be noted that the ultrasound beams used
with both flat and curved linear arrays can be steered. How-
ever, because linear arrays have wider elements in azimuth
than do phased arrays, the ultrasound beam cannot be steered
as far as with phased arrays. Thus a flat linear array may have
a trapezoidal field of view, using steering to image the angled
edges of the field of view.

[0011] “Beam forming” may refer to a process of combin-
ing signals transmitted and received by the array elements
into a sum that represents the ultrasound signal received from
a single point in the field of view. In general, for a 1D trans-
ducer each transducer element is connected to a separate
“channel” in the ultrasound system, wherein a channel may
comprise a transmitter, a receiver and delay circuits used to
control the timing of transmitted and received signals. The
time may be controlled to focus ultrasound energy on transmit
and to synthesize a focus for the received signals. A delay
applied to each channel may be such that the acoustic signal
transmitted by each of the array elements is received at a
target at the same time. The delay may be the difference in
ultrasound propagation time, determined for example by the
speed of sound and the distance of each element from the
target.

[0012] Because of a combination of the array geometry,
steering and/or focus in azimuth provided by the system beam
former, and focus in elevation provided by the fixed lens, 1D
arrays typically image a section of a “plane”, that is, there is
no steering or controlled variable focus of acoustic beams in
the elevation direction.

[0013] Whereas 1D transducer arrays have elements of
ultrasound transducers that span the entire elevation dimen-
sion of the array, 2D or matrix arrays may be also divided into
elements in the elevation direction. When each element is
provided with its own ultrasound beam forming electronics so
that the delay applied to its signal can be different from that of
its neighbouring element, a possibility of steering, translat-
ing, and focusing in the elevation direction as well as in
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azimuth direction may be obtained. The ability to steer and/or
translate the ultrasound beam in the elevation direction may
enable imaging a volume of space, rather than just within a
plane.

[0014] The beam forming electronics provided to each
ultrasound transducer element in a matrix array may also be
referred to as “microbeamformer”. The beam forming func-
tion of the entire ultrasound system may be partitioned so that
part of it takes place in the microbeamformer and the rest in
the over-all controlling system. For example, the transducer
elements may comprise a piezoelectric layer arrangement
which is contacted by electrodes such that by applying a
suitable voltage, the transducer elements can be activated to
emit ultrasonic vibrations. The voltage may be applied and
controlled using a control circuit associated to the piezoelec-
tric layer arrangement of each of the ultrasound transducer
elements. Accordingly, each of the ultrasound transducer ele-
ments may be provided with its own “microchannel” com-
prising a transmitter, receiver and delay circuitry. This may
allow signals from contiguous groups of elements to be com-
bined together to drive a single system channel; the micro-
beam former must provide only a relatively small amount of
delay to account for the difference between it and the other
elements in its group.

[0015] Aswith 1D arrays, the field of view available from a
2-dimensional matrix array may depend on the array geom-
etry and the scan formats that can be supported by its ele-
ments. If the array elements are sufficiently small in both
azimuth and elevation direction, the acoustic beam may be
steered in both directions. Larger array elements may allow
less steering. Array elements need not be square; for example,
amatrix array with A elements in azimuth and A/2 elements in
elevation may be used and may be operated with a linear scan
format in azimuth and a sector scan format in elevation.
[0016] However, matrix arrays of ultrasound transducers
may have limitations concerning their field of view. Field of
view limitations may be addressed to a certain extent by
increasing the size of an aperture to bring the desired field of
view within the steering range of the matrix array. However,
there may be limits to the extent that this can be exploited,
especially for intracavity ultrasound transducers where
increasing transducer size is not an option. It may also be
possible to increase steering by decreasing the size of the
array elements. However, with matrix arrays this may also
decrease the amount of area available for microchannel elec-
tronics that must fit in a space associated with each of the
transducer elements such that there may be limitations on
how small the transducer elements may be made.

[0017] In order to provide a larger field of view than is
possible with steering a flat (sector) array, curved matrix
arrays may be used. In such curved matrix arrays, the ultra-
sound transducer elements may be arranged on a curved
surface. An additional advantage of a curved matrix array
may be that a larger field of view may be achieved with fewer,
larger transducer elements than the smaller phased array ele-
ments required for large steering angles.

[0018] However, it has been observed that also curved
matrix arrays of ultrasound transducer elements may have
limitations with respect to the field of view as well with
respect to image quality.

SUMMARY OF THE INVENTION

[0019] Accordingly, there may be a need for an improved
ultrasound transducer matrix array for an ultrasound probe
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which may overcome some of the field of view and image
quality limitations of prior curved matrix arrays, particularly
for the case where increasing aperture size or reducing ele-
ment size for more steering to achieve a larger field of view
may not be not an option.

[0020] It has been found that an ideal curved matrix trans-
ducer array may have a spheroidal shape with a surface
curved in two directions. However, current array fabrication
techniques may not allow for curvature over such a compound
surface curve. While it may be easy to fabricate a curved
matrix array which may be curved/bent in one direction, i.e.
around one curving axis, thereby forming a cylindrical sur-
face, it may be difficult or impossible to prepare an ultrasound
transducer having a sufficiently large over-all area and being
curved in two directions thereby forming a complex curved
surface.

[0021] An idea underlying the present invention is to
approximate a complex surface of an ultrasound transducer,
for example a spheroidal surface, by an approximation using
different regions, each comprising a matrix array of ultra-
sound transducer elements, and combining an over-all ultra-
sound transducer area from these regions. Therein, at least
some of the regions may be curved around specific curving
axes, whereas other regions may not be curved, i.e. may be
flat, or may only be slightly curved. Particularly, it may be
advantageous to provide a flat or only slightly curved region
interconnecting adjacent substantially curved regions.
[0022] According to a first aspect of the present invention,
an ultrasound transducer matrix array for an ultrasound probe
is proposed with an over-all ultrasound transducer area com-
prising a center region and at least three branch regions. The
center region and the branch regions each comprise a matrix
array of ultrasound transducer elements. Therein, the center
region has at least three edges and each of the branch regions
extends from one of these edges of the center region. Further-
more, each branch region is curved or bent around an axis
parallel to the respective edge of the center region from which
the branch region extends.

[0023] Accordingly, the over-all ultrasound transducer area
may be a combination of the center region and the plurality of
branch regions. The over-all ultrasound transducer area may
cover a continuous surface with the branch regions directly
abutting the center region. In other words, the branch regions
may be interconnected via the interposed center region in
between.

[0024] Each of the matrix arrays included in the center
region and the branch regions comprises a plurality of ultra-
sound transducer elements which are distributed over a 2D
area of the respective region. For example, ultrasound trans-
ducer elements may be arranged in rows and columns
wherein each region comprises a plurality of rows and a
plurality of columns.

[0025] Forexample, the over-all ultrasound transducer area
comprising the center region and the branch regions may
form a cross-shape. Therein, the center may be rectangular
with a matrix of A rows and B columns of ultrasound trans-
ducer elements. Two branch regions e.g. abutting to the center
region at opposing edges may comprise a matrix of A rows
and C columns of ultrasound transducer elements whereas
two further branch regions abutting to the remaining oppos-
ing edges of the center region may comprise a matrix of D
rows and B columns of ultrasound transducer elements. In
other words, the over-all cross-shaped ultrasound transducer
area may comprise four branch regions and an interposed
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center region wherein the dimensions of the center regions are
correlated to the respective widths of the abutting branch
regions. Various ratios of A, B, C and D are possible. For
example, the center region may be rectangular (A=B) or
square (A=B). Furthermore, the branch regions may have
identical dimensions (C=D) or may be different (C=D) in
their lengths.

[0026] Advantageously, the center region is flat. While the
branch regions each may be curved around an axis parallel to
an abutting edge of the center region and may therefore rep-
resent cylindrical surfaces oriented in different directions, it
may be preferable to provide the center region without any
curvature thereby possibly eliminating the need of a complex
compound curvature for the center region interconnecting
abutting branch regions. Each of the branch regions may be
curved to a same side with respect to a plane including the flat
center region.

[0027] It may be preferable to arrange at least a portion of
the matrix array of transducer elements of the center region
and/or of the branch regions with a phased array pitch. Such
phased array pitch arrangement may allow for operating the
ultrasound transducer in a sector scanning mode in which
emitted ultrasound beams may be steered. With such steering,
for example, deviations of the center region and/or the branch
regions from a cylindrical or spheroidal ideal may be com-
pensated by suitable beam forming using a combination of
translation and steering to accommodate the non-cylindrical
and/or non-spheroidal geometry.

[0028] For example, the matrix array of transducer ele-
ments in the center region may be arranged with a phased
array pitch in both orthogonal main directions whereas the
matrix array of transducer elements of each of the branch
regions may be arranged with a phased array pitch only in the
main direction parallel to the edge from which the respective
branch region extends. In other words, the transducer ele-
ments in the center region may have dimensions in both,
length and width, of A/2. The transducer elements in the
branch regions may have a dimension of /2 in the width
direction, i.e. the direction parallel to the edge of the abutting
center region, and another dimension such as for example a A
dimension in a length direction perpendicular to the edge of
the abutting center region.

[0029] While in such an approach, different designs for the
transducer element dimensions may be necessary for the cen-
ter region and the branch regions, the total number of trans-
ducer elements and respective control elements controlling
each of the transducer elements may be minimized.

[0030] Advantageously, the ultrasound elements are
arranged on a bendable substrate and each of the ultrasound
elements may be provided with an associated control circuit
acting as a microbeamformer, which control circuit is prefer-
ably integrated in a common substrate. For example, the
bendable substrate may be a thin silicon substrate having a
thickness which allows for sufficiently bending the substrate
together with the ultrasound transducer elements created
therewith. Such thickness may be e.g. less than 100 pm,
preferably less than 50 um. In such silicon substrate, the
circuitry for controlling a signal to the transducer elements
may be integrated.

[0031] As noted above, the ultrasound transducer elements
may comprise a layer arrangement which may be activated to
ultrasonic vibrations. Such layer arrangement may comprise
for example one or more piezoelectric layers with respective
electrodes. The ultrasound transducer elements furthermore
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may be provided with a control circuit included in a substrate.
Advantageously, the layer arrangement is mechanically
attached to the substrate by flip-chip-technology. The appli-
cation of such flip-chip-technology may provide for connec-
tions from each of the array vibration elements to its corre-
sponding circuitry. Such an approach is also referred to as a
“flip-chip microbeamformer”, where each element’s micro-
channel may be small enough to fit in a space limited by the
element’s azimuth and elevation dimensions. The micro-
beamformer may be built in an application specific integrated
circuit (ASIC) that may be essentially the same size as the
array, optionally plus some extra space around the perimeter
for overhead functions. Accordingly, each microchannel may
sit behind its element, with electrical contact made through a
conductive post between them.

[0032] Furthermore, advantageously, the over-all ultra-
sound transducer area may be composed of a plurality oftiles.
For example, one ultrasound transducer matrix array tile may
comprise the center region and two of the branch regions
arranged at opposite edges of the center region at least one
further ultrasound transducer matrix array tile may comprise
one or more further branch regions. Alternatively, the over-all
ultrasound transducer area may be composed of at least three,
preferably four, identical ultrasound transducer matrix array
tiles. Each tile may comprise an ASIC comprising specific
circuitry for controlling the microbeamformers. Onto the
ASIC, an ultrasound transmitting layer may be disposed and
electrically connected wherein the respective ultrasound
transducer elements may be created by dicing the ultrasound
transmitting layer to generate respective elements. Details
and possible embodiments using ultrasound transducer
matrix array tiles will be described further below with respect
to specific embodiments of the present invention.

[0033] According to a further aspect of the present inven-
tion, a method of fabricating an ultrasound probe is proposed,
wherein the method comprises providing an over-all ultra-
sound transducer area comprising center region and at least
three branch regions each comprising a matrix array of ultra-
sound transducer elements wherein each branch region
extends from one of at least three edges of the center region.
The method further comprises arranging each branch region
in a curved configuration around an axis parallel to the edge of
the center region from which the respective branch region
extends.

[0034] The over-all ultrasound transducer area may be
composed from a plurality of'tiles. Each tile may comprise an
ASIC in which a control circuitry may be prepared with
standard semiconductor technologies. On a surface of the
ASIC, a layer may be deposited or bonded which may be
made from a material which can be activated for ultrasound
vibration. This layer may then be diced to prepare a multi-
plicity of transducer elements arranged in matrix arrays
wherein each elements may be controlled by its associated
ASIC. In the branch regions, at least some of the dicing cuts
may be arranged parallel to the edge of the center region from
which the respective branch region extends. Thereby, assum-
ing a flexible substrate for the ASICs, the branch regions may
be bent into a shape curved around an axis parallel to the
respective edges.

[0035] It has to be noted that aspects and embodiments of
the present invention are described herein with reference to
different subject-matters. In particular, some embodiments
are described with respect to the ultrasound probe whereas
other embodiments are described with respect to the method
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offabricating the ultrasound probe. However, a person skilled
in the art will gather from the above and the following
description that, unless other notified, in addition to any com-
bination of features belonging to one type of subject-matter
also any combination between features relating to different
subject-matters, in particular between features of the appara-
tus type claims and features of the method type claims, is
considered to be disclosed with this application.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] Features and advantages of the present invention
will be further described with respect to specific embodi-
ments as shown in the accompanying figures but to which the
invention shall not be limited.

[0037] FIG. 1 shows a conventional curved matrix array of
ultrasound transducer elements.

[0038] FIGS. 2a,b,c,d show representations of a field of
view of the matrix array of FIG. 1 in perspective view, top
view, azimuth view and elevation view, respectively.

[0039] FIG. 3 shows a perspective view of a matrix array
arrangement for an ultrasound probe according to an embodi-
ment of the present invention.

[0040] FIG. 4 shows a perspective view of a matrix array
arrangement for an ultrasound probe with a flat center region
according to another embodiment of the present invention.

[0041] FIG. 5 shows a cross-section of a matrix array
arrangement for the ultrasound probe of FIG. 4.

[0042] FIGS. 6a,b,c show representations of a field of view
of an ultrasound probe with a linear array pitch according to
an embodiment of the present invention in perspective view,
top view and azimuth/elevation view, respectively.

[0043] FIGS. 7a,b,c show representations of a field of view
of an ultrasound probe with a phased array pitch according to
an embodiment of the present invention in perspective view,
top view and azimuth/elevation view, respectively.

[0044] FIG. 8 shows a cross sectional view of a matrix array
of ultrasound transducers for use in an embodiment of the
present invention.

[0045] FIG. 9 shows an ultrasound probe arrangement
composed of three tiles according to an embodiment of the
present invention.

[0046] FIG. 10 shows an ultrasound probe arrangement
composed of four tiles according to an embodiment of the
present invention.

[0047] FIG. 11 shows an ultrasound probe arrangement
comprising four identical tiles according to an embodiment of
the present invention.

[0048] FIG. 12 shows a top view of a matrix array arrange-
ment for an ultrasound probe arrangement according to an
embodiment of the present invention prior to curving.

[0049] FIG. 13 shows a top view of a matrix array arrange-
ment for an ultrasound probe with a matrix array arrangement
optimized for minimizing the number of transducer elements
according to an embodiment of the present invention.

[0050] Features shown in the figures are only schematical
and not to scale. Same or similar features are labeled with
same or similar reference signs. Furthermore, lines on sur-
faces shown in the figures do not necessarily indicate any
actual connections or even segments of transducer elements
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but may refer to surface contours intended to help make the
3D surface more apparent in a 2D drawing.

DETAILED DESCRIPTION OF THE INVENTION

[0051] FIG. 1 shows a conventional matrix array 100 of
ultrasound transducer elements 103 arranged along a surface
which is bent around an axis 105. The matrix array comprises
a plurality of columns 107 and rows 109 of ultrasound trans-
ducer elements 103 arranged on a two-dimensional surface.
The exemplary curved matrix array has a radius of curvature
ROC of 11.5 mm, a field of view angle a of 130° in azimuth,
and an aperture width w in elevation of 10 mm. The ultra-
sound transducer elements 103 are arranged with a phased-
array pitch in elevation direction to support 90° steering.
[0052] FIGS. 2a,b,c and d show a perspective view, a top
view, an azimuth view and an elevation view of the field of
view obtainable with the curved matrix array shown in FIG. 1.
[0053] FIG. 3 shows a perspective view of an ultrasound
transducer matrix array 1 for an ultrasound probe, the matrix
array 1 having a curved cross-shaped form and comprising a
center region 11 interconnecting four branch regions 13. Each
of'the regions 11, 13 comprises a matrix array 5 of ultrasound
transducers 3. The branch regions 13 extend from respective
edges 15 of the center region 11. Each of the branch regions
13 is curved around an axis parallel to the respective edge 15
from which it extends.

[0054] In the embodiment shown in FIG. 3, the center
region 11 may have a complex curved surface which is curved
in two directions. However, it may be difficult to fabricate a
matrix array of transducer elements with such complex cur-
vature. This may be due for example to the fact that the
material from which the transducer elements are made may
be bendable around one axis thereby being easily curved in a
cylindrical surface but may not be deformed in a complex
curved shape due to a lacking mechanical flexibility/elastic-
ity.

[0055] Accordingly, it may be advantageous to provide an
ultrasound transducer matrix array 1' with a flat center region
11' as shown in FIG. 4. The flat center region 11' may have a
rectangular shape with four edges 15 from which curved
branch regions 13 extend. The matrix array 5 of the flat center
region 11' may comprise A columns 7 and B rows 9 of ultra-
sound transducer elements 3. In the embodiment of FIG. 4,
the center region 11' is square (A=B). The matrix arrays 5 of
the branch regions 13 directly abut to one of the edges 15 of
the center region 11' and each have the same width as the
dimension of the edge 15 of the center region 11' from which
they extend. Accordingly, the branch regions 13 may have A
or B transducer elements 3 in a width direction. However,
their length may be different. In principle, each of the branch
regions may have a different length and/or a different radius
of curvature; however, it may be advantageous to provide
each of the branch regions with a same length and a same
radius of curvature thereby achieving a symmetric arrange-
ment.

[0056] FIG. 5shows a cross-section of the ultrasound trans-
ducer matrix array 1' shown in FIG. 4. Two curved branch
regions 13 extend from the flat center region 11' at edges 15.
[0057] The field of view of ultrasound probe with a cross-
shaped curved ultrasound transducer matrix array as shown in
FIG. 4 may not be a complete spheroid; there may be gaps in
the “corners” where neither of the orthogonal apertures can
provide adequate image quality.
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[0058] The actual field of view of such cross-shaped ultra-
sound transducer may depend on both the curved surface
provided by the basic geometry of the matrix arrays of ultra-
sound transducer elements, plus the available steering which
may be dependent on the element pitch.

[0059] If the entire matrix array is diced on a linear array
pitch in both azimuth and elevation, steering is usually limited
to about 45°. FIGS. 6a,b,¢ illustrate the resulting field of view
in a perspective view, top view and azimuth/elevation view,
respectively. This approach may provide coverage of about
half of an ideal spheroidal field of view, with gaps in the
“corners” which may be beyond the combined translation and
steering of the composite array.

[0060] Such atransducer may also provide improved image
quality in the transverse plane through the center of the array,
over a larger field of view, than would be possible with a
single curved matrix array as for example shown in FIG. 1. In
addition to the field of view improvements as noted above the
image quality in the transverse plane may improve as well by
providing for curved linear array operation in that direction,
instead of relying only on steering. The curved matrix array
shown in FIG. 1 may achieve a 90° field of view in elevation
as shown in FIG. 2d only if it has phased-array pitch in
elevation, whereas the cross-shaped array shown in FIG. 3 or
4 has a 130° field of view in elevation even if diced at a larger
linear-array pitch. The improved image quality results from
the larger available aperture in the elevation direction.

[0061] It may be noted that such cross-shaped array as
shown in FIG. 3 or 4 may have fewer ultrasound transducer
elements and respective microchannels than a conventional
curved matrix array as shown in FIG. 1. For example, let the
conventional curved matrix array shown in FIG. 1 comprise
128 columns and 64 rows; therefore, it comprises
128%x32=8192 individual transducer elements and micro-
channels. To obtain a 90° field of view, the B rows must be
diced on a phased array pitch. Let the cross-shaped array
shown in FIG. 3 or 4 be symmetrical, where the dimensions of
either major axis be the same as the array in FIG. 1. Further-
more, let the array be diced on linear array pitch in both
directions; there will be 128 columns in the azimuth direction
and 32 rows in the elevation direction for each of the crossed
arrays. The total number of elements in the array will then be
2x(128x32)-32x32=7168 individual array elements.
Although the crossed array may have more surface area, it has
fewer array elements because it is diced at linear array pitch in
both directions.

[0062] FIGS. 7a,b,c show a perspective view, a top view
and an azimuth/elevation view, respectively, of a field of view
for an ultrasound probe with an ultrasound transducer matrix
array according to an embodiment of the present invention in
which the entire array is diced to provide phased array pitchin
elevation. This may provide about 90° of steering. In this
case, the increased steering may provide for much more cov-
erage of an ideal spheroidal field of view. As will be further
described below with respect to FIG. 9, it may not be neces-
sary to dice the entire array at phased array pitch.

[0063] In the embodiment shown in FIG. 7, matrix arrays
having a 130° azimuth field of view as discussed further
above with respect to the conventional curved matrix array
show in FIG. 1 have been used for the various regions of the
ultrasound probe. The result may be an improvement in field
of view of somewhat less than 50% over the conventional
single curved matrix array of FIG. 1 with 90° steering. If the
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azimuth field of view is increased above 130°, then the field of
view improvement may increase beyond what is illustrated in
FIG. 7.

[0064] In addition to the field of view improvements as
noted above the image quality in the transverse plane may
improve as well by providing for curved linear array opera-
tion in that direction, instead of relying only on steering.
[0065] FIG. 8 shows across sectional view of a matrix array
5 of ultrasound transducers 3. In a common bendable sub-
strate 31, a plurality control circuits 37 have been integrated.
Each of the control circuits 37 is connected via connections
33 to an associated layer arrangement 35 which may be acti-
vated to ultrasonic vibrations. The layer arrangement may
comprise a piezoelectric layer together with one or more
additional layers for improving acoustic impedance match,
thereby forming an acoustic stack. The connections 33 have
been established via flip-chip technology. The plurality of
vibration layer arrangements 35 may be produced by first
connecting an over-all layer arrangement to the substrate 31
and subsequently dicing it thereby separating the plurality of
vibration layers arrangement 35.

[0066] As shown in FIGS. 9 to 11, an over-all ultrasound
transducer area of an ultrasound probe according to embodi-
ments of the present invention may be composed of a plurality
of ultrasound transducer matrix array tiles 21, 23, 25. The
over-all ultrasound transducer area may comprise at least
three, but probably four or more, ASICs. In the embodiments
shown in FIGS. 9 to 11, a symmetrical over-all ultrasound
transducer area is shown, but symmetry is not a requirement.
[0067] FIGS.9 and 10 illustrate two embodiments in which
two different ASIC designs A, B are used. The two designs
may be most likely very similar and the system I/O 27 may be
on the outer edges of the ASICs. The ASICs may be tiled prior
to bonding to the acoustic stack. Alternatively, pre-bonded
ASIC/acoustic stack sub-assemblies may be tiled. The pre-
bonded sub-assemblies may be diced prior to tiling if either
(1) the tiling alignment is good enough, or

(ii) there is a calibration procedure for dealing with any mis-
registrations.

[0068] Ifnot, then the over-all transducer area may be diced
after tiling as described below. The tiling should be done on a
substrate that either is or may be made flexible for later
curving.

[0069] Ifthe ASICs are tiled before bonding to the acoustic
stack, then there may be two basic choices for probe configu-
ration. The tiled ASIC sub-assembly may be bonded to a
single large acoustic stack, but this might result in a signifi-
cant amount of waste from unused corners (4/9 of the over-all
area for a design with square symmetry). If the process allows
use of multiple probe sub-assemblies, then the probe may
comprise either three or four pieces, in the same configuration
as the ASIC as illustrated in FIGS. 9 and 10.

[0070] It is also possible to use the same approach with a
single ASIC design, as shown in FIG. 11. In this case, the two
orthogonal apertures may not be the same.

[0071] At this point, the ultrasound unit including the over-
all transducer area may be ready for dicing, assuming that the
ASIC/probe sub-assemblies are not already diced when tiled.
When diced after tiling, the array elements may be properly
registered with respect to each other, although the underlying
ASICs may be slightly misaligned.

[0072] FIG. 12 shows an array geometry after dicing. The
unit may then be ready for curving. The substrate may be
made sufficiently bendable by using a bendable material.
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Alternatively, a rigid material may be made bendable by
back-dicing. The tools and techniques for getting the suitable
radius of curvature may be similar to those used for conven-
tional one-dimensional transducer arrays. For one-dimen-
sional transducer arrays, one approach may be to place the
array face down into a curved tool that provides a specified
radius of curvature, pushed into contact with the face of the
tool, and bonded to a mechanical support structure behind the
ASIC/array sub-assembly. Another approach may be to bond
the array face up over a mechanical support structure. Either
of these methods may be used for the conventional curved
matrix transducer array shown in FIG. 1. Similar techniques
may be used for the cross-shaped matrix arrays, except that
the tool and mechanical support may be more complex
because there may be a flat center region in the middle and
there may be two sets of curved branch regions extending
therefrom.

[0073] After curving, array manufacture may be completed
using techniques similar to those used on conventional matrix
arrays for ultrasound transducer probes.

[0074] As noted above, it may not be necessary to dice the
entire array at phased array pitch to achieve the field of view
illustrated in FIG. 7. FIG. 13 illustrates a dicing pattern that
provides for 90° steering in the elevation direction for each
orthogonal sub-set of the over-all array. While dicing in each
direction, the pitch may be halved the center region. This may
result in elements that are A in azimuth and A/2 in elevation in
the branch regions 13, and A/2x}/2 in the flat center region 11.
This approach may need different microchannel designs for
each of the matrix arrays forming the center region 11 and the
branch regions 13, but it may minimize the total number of
microchannels.

[0075] In order to accommodate the dicing approach of
FIG. 13 to the specific tiling arrangement of FIG. 11, it may be
necessary to incorporate sufficient flexibility for some micro-
channel locations on the chip of an ASIC design to deal with
either AxA/2 or A/2xA/2 elements.

[0076] It should be noted that the terms such as “compris-
ing” do not exclude other elements or steps and that the
indefinite article “a” or “an” does not exclude a plurality of
elements. Also elements described in association with differ-
ent embodiments may be combined. It should also be noted
that reference signs in the claims shall not be construed as
limiting the scope of the claims.

1. An ultrasound transducer matrix array for an ultrasound
probe, comprising an ultrasound transducer area comprising:
a center region comprising a two dimensional matrix array
of ultrasound transducers elements, wherein the center
region has at least three edges, and

at least three branch regions each comprising a two dimen-

sional matrix array of ultrasound transducers elements,
wherein each branch region extends from one of the
edges of the center region and wherein each branch
region is curved around an axis parallel to the edge of the
center region from which the respective branch region
extends; and

a microbeamfomer coupled to the transducer elements of

each of the regions.

2. The ultrasound transducer matrix array of claim 1,
wherein the center region is flat.

3. The ultrasound transducer matrix array of claim 1,
wherein the center region and the branch regions together
form a cross shape comprising a rectangular center region
with a matrix of A rows and B columns of ultrasound trans-
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ducer elements and two branch regions each with a matrix of
A rows and C columns of ultrasound transducer elements and
two branch regions each with a matrix of D rows and B
columns of ultrasound transducer elements.

4. The ultrasound transducer matrix array of claim 1,
wherein at least a portion of the matrix array of transducer
elements of the center region and/or of the branch regions is
arranged with a phased array pitch.

5. The ultrasound transducer matrix array of claim 1,
wherein the matrix array of transducer elements of the center
region is arranged with a phased array pitch in both main
directions and wherein the matrix array of transducer ele-
ments of each of the branch regions is arranged with a phased
array pitch only in the main directions parallel to the edge
from which the respective branch region extends.

6. The ultrasound transducer matrix array of claim 1,
wherein ultrasound transducer elements are provided with a
bendable substrate.

7. (canceled)

8. The ultrasound transducer matrix array of claim 1,
wherein the microbeamformer is integrated in a common
substrate.

9. The ultrasound transducer matrix array of claim 8,
wherein each of the ultrasound transducer elements com-
prises a layer arrangement which may be activated to ultra-
sonic vibrations and is coupled to a microbeamformer
included in a substrate wherein the layer arrangement is
mechanically attached to the substrate by flip-chip-technol-
ogy.
10. The ultrasound transducer matrix array of claim 1,
wherein the ultrasound transducer area is composed of

one ultrasound transducer matrix array tile comprising the

center region and two of the branch regions arranged at
opposite edges of the center region, and

at least one ultrasound transducer matrix array tile com-

prising a further branch region.

11. The ultrasound transducer matrix array of claim 1,
wherein the over all ultrasound transducer area is composed
of at least three identical ultrasound transducer matrix array
tiles.

12. A method of fabricating an ultrasound transducer
matrix array for an ultrasound probe, comprising:

providing an ultrasound transducer area comprising

a center region comprising a two dimensional matrix
array of ultrasound transducer elements, wherein the
center region has at least three edges, and

at least three branch regions each comprising a two
dimensional matrix array of ultrasound transducer
elements, wherein each branch region extends from
one of the edges of the center region;

arranging each branch region in a curved configuration

around an axis parallel to the edge of the center region

from which the respective branch region extends; and

coupling the transducer elements of each region to a con-
trol circuit in the probe which comprises a microbeam-
former.

13. The method of claim 12, wherein the center region is
arranged in a flat configuration.

14. The method of claim 12, wherein each of the ultrasound
transducer elements comprises a layer arrangement which
may be activated to ultrasonic vibrations and is coupled to the
control circuit which is included in a substrate, wherein the
layer arrangement is mechanically attached to the substrate
by flip-chip-technology.
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