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MATRIX TRANSDUCER CONFIGURABLE
AS A ONE-DIMENSIONAL TRANSDUCER IN
ULTRASOUND IMAGING

BACKGROUND

[0001] The present embodiments relate to ultrasound
imaging with a matrix (e.g., two-dimensional (2D)) trans-
ducer (XDCR) array. An ultrasound imager may releasably
connect with different ultrasound transducers, such as a
one-dimensional array for 2D or planar imaging or a 2D
array for three-dimensional (3D) or volume imaging. Cus-
tomers prefer having a “one probe solution” in which a
single transducer can be used to generate both high-quality
2D images and high-quality volume images.

[0002] Matrix transducers have a 2D acoustic array with a
relatively large number of elements that are mapped and
allocated to a relatively small number of system or beam-
former channels. Partial beamforming may be used to com-
bine signals from sub-arrays where one sub-array is pro-
vided for each beamformer channel. The combination of
elements in sub-arrays occurs proximal to the acoustic
components of the transducer to minimize wiring intercon-
nects. The elements are grouped together within the elec-
tronics to form the sub-arrays. The forming of sub-arrays
reduces the number of interconnects and system channel
requirements but has a negative impact on the acoustic
performance and spatial resolution.

[0003] To reduce the number of switches for routing, the
sub-arrays are grouped together to form groups. The groups
allow for a fixed number of system channels (e.g., four) to
form sub-arrays with variable sizes and shapes for the
elements within the group. U.S. Pat. No. 7,691,063 shows
some embodiments of this grouping for sub-array routing to
system or beamformer channels. By limiting the number of
sub-arrays within a group, a corresponding limit on the
number of switches per element and system channel con-
nections per group is provided. This limit restricts the
number of sub-array shapes and sizes, limiting the ability to
from a 1D array using the matrix transducer. Matrix ultra-
sound sub-array shapes and sizes have been selected to
allow acceptable imaging quality when focusing anywhere
within a 3D volume while minimizing the number of system
channel switches needed per element. When planar scanning
for 2D imaging, the sub-array shapes and orientations are
not ideal and have reduced imaging performance as com-
pared to dedicated 1D transducers. The transducer probe
may have to be switched to provide desired 2D imaging.
Switching transducers during an exam may be inconvenient.
Generally, sonographers have accepted the limitations that
come with reduced 2D image quality in order to gain the
ability to use 4D imaging modes with one transducer probe.

SUMMARY

[0004] By way of introduction, the preferred embodiments
described below include systems, methods, and/or computer
readable storage media for ultrasound imaging using a
matrix transducer. Interconnects or switches are provided to
allow sub-arrays forming a 1D array, such as with sub-arrays
one element wide with the maximum number of elements in
elevation. Where groups are used to limit the switches and
available system channels per group, an extra switch may
connect between elements of different groups through a
group output to extend a sub-array across groups. To further
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limit the number of switches, the group may be sub-divided
where different combinations of sub-groups are connectable
with different combinations of the system channels for the
group.

[0005] In afirst aspect, a transducer system is provided for
ultrasound imaging. A two-dimensional array of transducer
elements is provided. Each of the transducer elements con-
nects with five or fewer routing switches. One of the five or
fewer routing switches is connectable to multiple of the
transducer elements. A controller is configured to operate the
routing switches to form a first set of sub-arrays of the
transducer elements as a one-dimensional array and form a
second set of sub-arrays of the transducer elements as a
multi-dimensional array.

[0006] In a second aspect, a method is provided for using
a matrix array in two-dimensional ultrasound imaging. Con-
tiguous sets of transducer elements of the matrix array are
grouped. The matrix array has a NxM arrangement of the
contiguous sets where N is a number in a first direction and
M is a number in a second direction perpendicular to the first
direction. Each of the contiguous sets is configurable into
different sub-array arrangements. One of the different sub-
array arrangements forms parallel sub-arrays with greater
extent in the first direction than extent in the second direc-
tion. In the one of the different sub-array arrangements, the
sub-arrays between different ones of the contiguous sets are
connected with a same number of M in in the second
direction, the connecting creates a one-dimensional array.
Ultrasound imaging is performed with the one-dimensional
array.

[0007] In a third aspect, a transducer system is provided
for ultrasound imaging. A two-dimensional array of trans-
ducer elements is provided. A multiplexer is configured to
connect the transducer elements into a one-dimensional
array where each array element of the one-dimensional array
has a width of a single one of the transducer elements in
azimuth and a height of multiple of the transducer elements
in elevation and is configured to connect the transducer
elements into a multi-dimensional array where each array
element of the multi-dimensional array is formed from
multiple of the transducer elements. A controller is config-
ured to control the multiplexer to form the one-dimensional
array or the multi-dimensional array.

[0008] The present invention is defined by the following
claims, and nothing in this section should be taken as a
limitation on those claims. The various aspects described
above may be used individually or in any possible combi-
nation. Other aspects and advantages are discussed below in
conjunction with the preferred embodiments. These further
aspects and advantages may be used independently of any of
the aspects described above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The components and the figures are not necessarily
to scale, emphasis instead being placed upon illustrating the
principles of the invention. Moreover, in the figures, like
reference numerals designate corresponding parts through-
out the different views.

[0010] FIG. 1 is a block diagram of one embodiment of a
transducer system;

[0011] FIG. 2 is a block diagram of one embodiment of a
transducer of the transducer system of FIG. 1 in a catheter;
[0012] FIG. 3 illustrates a comparison of part of an
example 1D array with part of an example 2D array;
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[0013] FIG. 4 illustrates an example grouping of trans-
ducer elements;
[0014] FIG. 5 illustrates a matrix transducer array config-

ured as a 2D array with an example grouping in one
embodiment;

[0015] FIG. 6 illustrates a matrix transducer array config-
ured as a 1D array with an example grouping in one
embodiment;

[0016] FIG. 7 shows part of a matrix transducer array
configured as a 1D array with channel connections for the
different groups according to an embodiment;

[0017] FIGS. 8A-D show example sub-array arrange-
ments in an example grouping;

[0018] FIG. 9 shows example switch reduction through
sub-division of a grouping;

[0019] FIG. 10 shows an example embodiment using just
two switches per element; and

[0020] FIG. 11 is a flow chart diagram of one embodiment
of a method for using a matrix array in two-dimensional
ultrasound imaging.

DETAILED DESCRIPTION OF THE DRAWINGS
AND PRESENTLY PREFERRED
EMBODIMENTS

[0021] A matrix transducer has configurable sub-arrays
allowing for high resolution 2D imaging. Switches and
routing, such as in a matrix application specific integrated
circuit (ASIC) or other multiplexer, extend the reach of
sub-arrays to form 1D transducer elements. The matrix
sub-arrays may be used more efficiently, re-configuring the
sub-arrays to support desired shapes within a grouping and,
additionally, to allow for the inclusion of a sub-array shape
for forming a 1D array. The sub-array definition for 2D
imaging results in a 1D array formed by the matrix trans-
ducer that is comparable in size and shape to the element
size and shape in a dedicated 1D transducer. The sub-array
size and/or shape being similar to a 1D transducer may result
in higher resolution images when scanning a plane. The
ability to configure as a 1D array may allow for improved
spatial resolution and image quality on par with 1D probes.
One matrix transducer or probe may operate well for 2D and
3D imaging.

[0022] The sub-arrays of a matrix array may be re-con-
figured to support various sub-array orientations including
for a 1D array while limiting the number of switches per
element. Groupings of elements linking different sub-arrays
within a grouping to a limited number of system channels
provide for a limited number of switches while allowing
different sub-arrays in each grouping. One sub-array
arrangement may be for 2D imaging where sub-arrays from
different groups connect to a same output rather than sepa-
rate outputs by group.

[0023] The switch limitation may be solved in various
ways. In one approach, an additional switch per element is
added in a manner that supports the sub-array orientations
while adding support for an additional high resolution 2D
mode (1D array), such as for scanning in a plane. The
mapping of elements to potential sub-array outputs is rede-
fined to allow for additional sub-array shapes and orienta-
tions, particularly a sub-array that is narrow in azimuth and
tall in elevation like a 1D transducer. A global control and
additional switches re-configure the element mapping to
support narrow azimuthal and tall elevation sub-array ori-
entation. In another approach, the groups are sub-divided so
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that fewer switches (e.g., 3) per element may be used to
connect to the limited number (e.g., 4) of system channels
per group. The elements are grouped within a grouping to
allow for overlapping patterns and enable desired sub-array
shapes and orientations for 3D imaging. The extra switch
(e.g., 4th switch) is then used to connect elements or
sub-arrays between groups for 2D imaging. Utilizing either
of these approaches allows a small number of sub-array
outputs to be used to support a large number of sub-array
shapes and sizes. The elements are mapped to sub-array
outputs to allow the inclusion of a 1D sub-array shape to
improve imaging resolution in the azimuthal imaging plane.
Within a group exchange, sub-array shapes for the 1D
functionality avoid increasing the number of outputs
required per group.

[0024] FIG. 1 shows one embodiment of a transducer
system for ultrasound imaging. The transducer system is
formed from a matrix array that may be reconfigured to
support small azimuth spacing of effective elements for
azimuth 2D imaging. One transducer may provide both 3D
focused volume scanning and 2D imaging without compro-
mising the quality of the 2D imaging.

[0025] The transducer system implements the method of
FIG. 11 or other methods. Routing switches configure sub-
arrays for 3D and 2D imaging, allowing one 2D transducer
10 to be used as a 2D array or a 1D array.

[0026] The transducer system includes a 2D transducer
(XDCR) 10, a multiplexer 12, an application specific inte-
grated circuit (ASIC) 14, a controller 16, and an ultrasound
imager 18. Additional, different, or fewer components may
be provided. For example, the multiplexer 12 is integrated
within and/or provided as part of the ASIC 14. As another
example, the ASIC 14 is not provided or is integrated as part
of the controller 16. In yet another example, the transducer
system does not include the ultrasound imager 18 and/or
controller 16.

[0027] The matrix transducer 10 is a 2D array of trans-
ducer elements. The transducer elements are piezoelectric,
CMUT, or PMUT elements. The elements are distributed in
a fully sampled Cartesian grid as a 2D transducer array.
Sparse sampling or other grid spacings of elements may be
provided. Any number of elements may be provided, such as
hundreds or thousands.

[0028] In one embodiment, the array of elements is posi-
tioned within a detachable transducer assembly. In one
embodiment, the transducer 10 is housed in a hand-held
transducer housing. Alternatively, a catheter or endoscope
configuration is used. FIG. 2 shows an example where the
transducer 10 is in catheter, such as a catheter having a
diameter of 12-14 french. The transducer 10 is part of a
matrix intra-cardiac echography transducer probe. For car-
diac imaging from a catheter, volume imaging is desirable.
High resolution images comparable to existing catheters
with dedicated 1D transducers arrays is also desired for
structural heart procedures.

[0029] The 2D array may have equal or unequal number of
elements distributed in azimuth and elevation. For example,
the two-dimensional array of the transducer elements has a
greater number of the transducer elements along azimuth
than a lesser number of the transducer elements along
elevation. In one embodiment, the 2D array is 24 elements
in elevation and 72 elements in azimuth. Square, rectangu-
lar, circular, triangular, hexagonal, or other shaped arrays
may be used.
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[0030] FIG. 3 shows an example comparison of part of a
1D array to part of a 2D array formed by the transducer 10.
The horizontal direction is shown as “azimuth” while the
vertical direction is shown as “elevation.” 1D transducers
and catheters typically use elements that are relatively
narrow in the azimuth dimension and wide in the elevation
dimension. The left side of FIG. 3 shows part of a 1D array
of elements 30, which elements are 146 um in width
(azimuthal pitch) and 2.2 mm in height (elevation). Other
sizes may be provided. The elements 30 have relatively
small element sizes in the direction of focus (azimuth) which
improves spatial resolution. The right side of FIG. 3 and
FIG. 4 shows part of a matrix or 2D array. A group 34 of, for
example, thirty-six elements 40 is shown. The elements 40
may be 146 umx146 pm each. Other shapes or sizes may be
used. The group 34 is divisible into four sub-apertures or
sub-arrays 32. Each sub-array 32 forms an effective element
from the perspective of the ultrasound imager 18 or beam-
former. The four sub-arrays 32 are formed from square
arrangements of nine elements 40 in this example (e.g., four
squares of FIG. 3 or the four boxes with different shading of
FIG. 4). Matrix arrays typically support square or rectangu-
lar sub-arrays, which are good for performing volume imag-
ing, but are relatively poor at generating high quality 2D
images comparable to 1D transducers.

[0031] Inthe example of FIG. 4, each group 34 is made up
of thirty-six elements 40, six elements 40 in azimuth by six
elements 40 in elevation. Other numbers of elements 40 may
be provided, including non-square arrangements. Each of
the elements 40 within a group 34 is mappable to outputs for
four sub-arrays 32 that drive a respective four system
channels. This control uses four switches for each element
40 and four sub-array outputs routable to each element 40.

[0032] The sub-arrays 32 may be configurable, such as
providing two, three, or four sub-arrays 32 for a given group
34 (see FIGS. 8A-C). The groupings of the matrix transducer
10 define elements 40 through switching that can be con-
trolled together to connect to specific system channels. For
example in the 24x72 element 40 transducer 10, ninety-six
system or beamformer channels connect to a respective
twenty-four groups, where four system channels are
assigned to each group and each group may form up to four
sub-arrays 32.

[0033] To limit the number of routing switches, the ele-
ments 40 of the transducer 10 may be divided into or
assigned to groups 34. The elements 40 are separated into
groups 34 where each element 40 is in one group 34. Any
number of groups 34 may be provided. Within each group
34, different sub-arrays 32 of elements 40 may be formed.
Each sub-array 32 connects to an output to a system or
beamformer channel for imaging. Each group 34 may have
a given number of system or beamformer channels assigned,
such as having four outputs from each group 34 for con-
necting with a respective four system or beamformer chan-
nels. Four or fewer sub-arrays 32 are formed by the elements
40 of a group 34 to connect with a respective four or fewer
system channels. Sub-arrays 32 of different groups 34 con-
nect to different channels.

[0034] FIG. 5 shows an example transducer 10 with eight
groups 34 where each group 34 (dashed lines) is configured
by switching to form four square sub-arrays 32. Other
number of groups 24, numbers of sub-arrays 32 per group
34, shapes of the transducer 10, shapes of the groups 34,
and/or shapes of the sub-arrays 32 may be used. Each square
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or sub-array 32 represents one effective element from the
perspective of the beamformer of the imager 18. Signals
from the elements 40 of the same sub-array 32 are provided
to the one system or beamformer channel. For example,
thirty-two system channels connect with the thirty-two sub-
arrays 32 of FIG. 5.

[0035] FIG. 6 shows the example matrix transducer 10
with eight groups 34 (only two shown) configured as a 1D
array of elements 30 (only one highlighted with diagonal
lines). The elements 30 are formed from sub-arrays 32 of
different groups 34 connected together (i.e., the element 30
crosses the groups 34 in elevation to provide a greater
elevation extent). In the example where each group 34 is 6x6
elements 40 (see FIG. 4), the array element 30 (formed by
sub-arrays 32 in the two different groups 34) is one element
40 wide in azimuth and 12 elements high in elevation. Wider
(e.g., two elements 40) in azimuth and/or shorter (e.g., less
than all elements 40) in elevation may be used to form the
array element 30. FIG. 7 shows the elements 30 formed from
sub-arrays 32 across four groups in elevation, providing a
1x24 elements 40 to form the array element 30. This 1D
array of FIG. 6 is desired for 2D imaging and models the 1D
array of FIG. 3.

[0036] Switches of the multiplexer 12 configure the matrix
transducer 10 to provide the desired arrangement of sub-
arrays 32. Given an unlimited number of routing switches,
any element 40 may connect with any system channel. The
groupings 34 allow for a limited number of switches to form
sub-arrays 32 and connect with system channels. The physi-
cal, hardware, or fixed connections of the switches define the
groups 34. For example, within a group 34, switches are
fixedly connected to elements 40 and particular outputs of
the group 34 for a limited selection of system channels (e.g.,
four system channels for each group 34). The configuration
of the sub-arrays 32 and connections to system channels is
performed through software and/or firmware controls of the
multiplexer 12 (i.e., opening and closing different switches
per element 40).

[0037] The multiplexer 12 forms a plurality of routing
switches. The switches are transistors but may be other types
of switches. In alternative embodiments, the switches are
provided without a separate multiplexer 12. The multiplexer
12 may be integrated with the ASIC 14 and/or the transducer
10.

[0038] Routing through backing of the transducer 10,
within the multiplexer 12, within the ASIC 14, on flexible
circuit material, with wire bonding, through solder bumps,
and/or other conductors connects the switches to the trans-
ducer 10 and the ASIC 14, and/or beamformer of the
ultrasound scanner 18. The ends of the switches are con-
nectable or fixedly connect. The switches may be opened or
closed to disconnect or connect, respectively, the compo-
nents connected with the ends of the switches (i.e., to
connect a given element 40 to one of the available outputs
for the group 34).

[0039] Each of the transducer elements 40 connects with
five or fewer routing switches of the multiplexer 12. The
other side of the switches connects to beamformer channels
of'the ultrasound imager 18 and/or transducer elements 40 in
other groups. The connection may be direct or indirect. For
example, a switch with an element 40 in a group 34 connects
with a partial beamformer channel of the ASIC 14. One
switch for each or a sub-set of other elements 40 of the same
group 34 connects with other partial beamformer channels
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of the ASIC 14 for summation, delay and sum, and/or phase
and sum to create a partially beamformed signal for the
sub-array 32. The output of the partial beamformer is an
output for the group 34 and connects with the beamformer
channel of the ultrasound imager 18. Any number (e.g., four
or fewer) of sub-arrays 32 for the same group 34 uses a
respective number of switches connected to the elements 40
of that group 34 to connect with a respective number of
channels of the beamformer of the ultrasound imager 18.
Similar arrangements are provided for other groups 34 to
connect with other outputs of the groups 34 for providing
signals to different channels of the beamformer of the
ultrasound imager 18.

[0040] The switches may be configured to connect the
transducer elements 40 into a multi-dimensional array, such
as shown in FIG. 5. Each array element (sub-array 32) of the
multi-dimensional array is formed from multiple of the
transducer elements 40. In the example of FIG. 5, each
group 34 has four sub-arrays 32 where each sub-array 32 is
formed from nine elements 40. The switches for the ele-
ments 40 connect the elements 40 to the desired beamformer
channel of the ultrasound imager 18. For each group 34, four
switches per element 40 allow selection of the four respec-
tive outputs to four respective beamformer channels. The
elements 40 of one sub-array 32 use switches to connect
with the same output to the beamformer channel. The
different sub-arrays 32 connect with different respective
outputs to the beamformer channels of the ultrasound imager
18. By closing different switches per element 40, sub-arrays
32 of different sizes, shapes, orientations, and/or numbers
may be formed and connected with respective beamformer
channels of the ultrasound imager 18.

[0041] One switch per element 40 may connect from the
element 40 to another group 34, providing a connection
between elements 40 of different groups 34. This connection
may be direct or indirect through connection to an output to
a beamformer channel. All elements 40 include such a
switch. Alternatively, just the elements 40 bordering the
group 34 or fewer than all the elements 40 include a switch
for connecting between elements of groups 34. The multi-
plexer 12 is configured to connect the transducer elements
40 into a 1D array using these switches, so at least one
element 40 of each sub-array 32 is connectable through a
switch to at least one element 40 of another sub-array 32 to
form the effective or array element 30 (see FIG. 6). Switches
of the other elements 40 connect to other elements 40 in the
sub-array 32 of the group 34 or also connect to elements 40
of the sub-array 32 of the other group 34. The connections
allow configuration where each array element 30 of the 1D
array has a width of one of the transducer elements 40 in
azimuth and a height of multiple of the transducer elements
40 in elevation, forming the effective or array element 30. In
the example of FIG. 6, the sub-array 32 of one group 34
connects with the sub-array 32 of the other group 34 through
one or more switches of the multiplexer 12 to a same output,
forming the array element 30.

[0042] FIGS. 7 and 9 show two embodiments of arrange-
ment or assignments of switch connections to allow con-
figuration of both a 1D array and a 2D array for 2D imaging
and 3D imaging, respectively. FIG. 7 is directed to an
embodiment adding a switch for element 40-to-clement 40
connection between groups 34 while maintaining the
switches (e.g., four switches) for configuring sub-arrays 32
of different shapes for the 2D array. The extra switch per
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element 40 allows connection to outputs of a different group
34 for across group element connection. FIG. 9 is directed
to an embodiment adding a switch for connection between
groups 34 while reducing the number of switches for form-
ing different sub-arrays 32 so that a fewer number of total
switches is provided per element 40.

[0043] In the embodiment of FIG. 7, the multiplexer 12
has five or fewer switches per element 40. Greater or fewer
numbers of switches per element 40 may be provided, such
as two or fewer where only one switch allows selection
between two beamformer channels for two sub-arrays 32,
for the 2D array configurations. Six switches could be used
to allow a 1D array to be defined at any angle on the 2D
array rather than just along elevation or azimuth.

[0044] Five or fewer switches allows for four different
sub-arrays 32 in a group 34 where one switch per element 40
is for group 34-to-group 34 connection. A remaining four or
fewer of the switches are for connecting to outputs of the
group 34, which outputs connect or are connectable to
beamformer channels of an imaging system 18. In aggregate
for the 2D array, the routing switches (e.g., four or fewer per
element 40) form a repeating pattern of sub-arrays 32 across
the transducer 10 by group 34. The same shape and orien-
tation of sub-arrays 32 as effective elements of the 2D array
use switches to connect the sub-arrays 32 to different system
channels of the beamformer of the ultrasound imager 18.
One of the switches (e.g., one of the five or fewer switches
per element 40) is for connecting between the transducer
elements 40 in the 1D array configuration. Through this
group 34-to-group 34 (i.e., sub-array 32-to-sub-array 32
and/or element 40-to-clement 40 via common output)
switch, a given element 40 connects to the elements 40 of the
same sub-array 32 and to elements of the sub-array 32 of one
or more other groups 34 to form the effective element 30.
[0045] When the 1D array is to be formed by the matrix
transducer 10, the switches for group 34-to-group 34 con-
nection of respective sub-arrays 32 is closed. Some of the
switches for group 34-to-group 34 connection may be open
depending on the size of the 1D array being formed and/or
whether other switches for a given sub-array 32 connect to
other sub-arrays 32. When the 2D array is to be formed, the
switches for group 34-to-group 34 connection are open or
disconnected. Alternatively, a sub-array 32 may be formed
across groups 34 (i.e., from elements 40 from different
groups 34) using the switches for group 34-to-group 34
connection.

[0046] FIG. 7 shows one embodiment of switch configu-
ration to connect to the outputs of the groups 34. Four groups
34 are shown oriented in the elevation direction. Other
groups 34 may be provided along an azimuth extent. For
example, the transducer 10 has twelve groups spaced in
azimuth (e.g., twelve by four) for 24 elements in elevation
and 72 elements in azimuth. Additional or fewer groups 34
may be provided in elevation. By providing five instead of
four switches per element 40, the number of sub-array 32
outputs (i.e., outputs of the group 34) available to each group
34 extends the possibilities for the organization of the
elements 40. The additional switches and sub-array outputs
allow for configurable sub-array shapes within a group 34 to
support focusing for volume imaging and adds the ability to
re-configure the sub-array shapes to allow for high-resolu-
tion azimuthal scanning for 2D imaging.

[0047] FIG. 7 shows five output channels per group, listed
as ChX. For the upper most group 34, channels Ch0-3 are
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four outputs used to form sub-arrays in a 2D array. Channels
0,1, 4,8, 9, and 12 may be used as group 34-to-group 34
connections where the elements 40 of the sub-arrays 32 have
respective switches arranged to connect to those respective
channels (i.e., a given element 40 has one switch to connect
to one of the group-to-group channels). Each element 40 for
an array element 30 connects to the same output channel
(e.g., ChO for the left most column of elements 40 across
groups 34).

[0048] For volume imaging, the first four sub-array out-
puts (e.g., Ch0-3 in the upper most group 34) in each of the
groups can be used to configure any sub-array shape within
each group 34. For forming the 1D array for high-resolution
azimuthal scanning, each column of groups 34 share and
re-use six common sub-array outputs (e.g., Ch0, 1, 4, 8, 9,
and 12) for group 34-to-group 34 connection of sub-arrays
32, allowing receive signals from elements 40 within a
group 34 to be summed or combined together with elements
40 from other groups 34 in the same column. In the example
of FIG. 7, all the elements 40 in the left most column of
elements 40 connect to channel 0, forming the effective
element 30 from the sub-arrays 32 of each group 34. In this
example where each group 34 has six elements 40 in
azimuth, six channels (Cho0, 1, 4, 8, 9, and 12) are used to
form six separate array elements 30. Fewer channels may be
used to form sparse elements 30 and/or to form elements 30
two or more elements 40 wide in azimuth. Other arrange-
ments may be provided, such as using different channel
assignments.

[0049] In other embodiments, the 1D elements 30 may be
sub-divided, such as connecting the sub-arrays 32 of two
groups 34 (e.g., upper two or middle two) separately from
the sub-arrays 32 of two other groups 34 (e.g., lower two or
outer two), forming two elements along the length of one
element 30. For example, two system channels are available
to support one column of elements 40. The top half of the
elements connect to one channel and the bottom half of
elements connect to the other channel. Alternatively, the
middle elements connect to one channel, and the outer
elements connect to the other channel.

[0050] The switches used for group-to-group connection
both connect across groups 34 as well as connect to the
beamformer channels of the ultrasound imager 18. For
example, ch0 and 1 are typically used in the upper most
group 34 for connection to beamformer channels. All the
elements 40 in the respective array element 30 connected to
these output channels connect to each other and to the
respective beamformer channel. In the embodiment of FIG.
7, two outputs from the upper most group 34 (e.g., ch0-1),
one output from the lower most group 34 (e.g., ch 12), one
output from the upper middle group 34 (e.g., ch 4), and two
outputs from the lower middle group 34 (e.g., ch 8-9) are
used to connect the six array elements 30 to a respective six
beamformer channels.

[0051] To further limit the number of switches per element
40, the embodiment of FIG. 9 may be used. The reduction
in switches is provided by an arrangement for forming
sub-arrays 32 for the 2D array. One switch per element 40
is provided to form the 1D array as described above for FIG.
7. Instead of four switches per element 40 for forming the
sub-arrays 32 for the 2D array, a remaining three or fewer
switches per element 40 are provided for connecting to
outputs to beamformer channels of an imaging system 18.
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[0052] FIG. 8A-D show a group 34 with the desired
sub-array sizes and shapes. FIG. 8A shows four square
sub-arrays 32 using four group outputs channels C0-3. FIG.
8B shows two rectangular sub-arrays 32 in a vertical orien-
tation using two group channels C0-1. FIG. 8C shows two
rectangular sub-arrays 32 in a horizontal orientation using
two group channels C0-1. FIG. 8D shows the sub-array 32
arrangement for one group 34 to form the 1D array. In the
embodiment of FIG. 7, five switches per element 40 provide
these four different options (i.e., four switches to connect
any element to 1-of-4 sub-array outputs plus one additional
switch to connect the element 40 to the sub-array output that
is shared across groups). The five switches per element
provide for configurating the transducer 10 into the arrays of
FIGS. 8A-D. This results in each element 40 being able to
switch to (Ch0, Chl, Ch2, Ch3) plus one of the following
sub-array outputs (ChA, ChB, ChC, ChD where ChA-D may
be channels for other groups 34 for group 34-to-group 34
connection).

[0053] FIG. 9 shows an arrangement to support the sub-
array shapes of FIGS. 8A-D with four switches per element
40 instead of five switches per element 40. Four outputs per
group 34 are provided instead of the five of FIG. 7. The
elements 40 within a group 34 are further sub-divided.
Sub-groups 90 (see dashed line designating the quadrants for
each sub-group) are formed. In the embodiment of FIG. 9,
the sub-groups are formed as elements 40 of three of the four
quadrants. Other sub-grouping spatial distribution may be
used. Four sub-groups 90 are formed, but other numbers of
sub-groups may be used. The sets of elements 40 for each
sub-group 90 may be shared with one or more other sub-
groups 90. Each sub-group 90 is formed from a different set
of elements 40 but overlaps with one or more other sub-
group 90. In the embodiment of FIG. 9, the dashed lines
designate the quadrants included in each sub-group 90. Four
sub-groups 90 each made up of the elements 40 of four
different combinations of the four quadrants are used.

[0054] Each overlapping sub-group has a common one of
the outputs. In FIG. 9, four outputs C0-4 are still provided.
Since each element 40 only has three switches for the 2D
array (four total switches), each element 40 is assigned three
of the four output channels by sub-group 90. For example,
the elements 40 of the upper left quadrant of the group 34
have three switches connecting the elements 40 to the three
output channels C0-2. The elements 40 of the upper right
quadrant of the group 34 have three switches each connect-
ing the elements 40 to the three output channels CI-3. The
elements 40 of the lower left quadrant of the group 34 have
three switches each connecting the elements 40 to the three
output channels CO, 2-3. The elements 40 of the lower right
quadrant of the group 34 have three switches each connect-
ing the elements 40 to the three output channels C0-1, 3.
Each of the sub-groups are connectable with three of the four
outputs per group 34. Each of the four outputs C0-3 are
connectable with a different combination of three of the
sub-groups.

[0055] The desired sub-array sizes and orientations (see
FIGS. 8A-C) are retained while keeping the number of
group outputs constant at four. By organizing the elements
40 into overlapping L-shaped groups of three quadrants,
every element in an L-sub-group share one common sub-
array connection with every other element in that L-sub-
group. Each group 34 contains L-sub-groups that are rotated
90 degrees from each other, creating overlapping L-sub-
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groups 90. By connecting the appropriate sub-array outputs
to each L-sub-group 90, the 3x3, 3x6, 6x3 and high-
resolution azimuthal modes (see FIGS. 8A-D) are supported
while not increasing the number of sub-array connections
required per element 40 past four. Other sub-group shapes or
arrangements may be used. Fewer switches per element may
be provided, such as by using three sub-groups instead of
four. A greater number of switches per element 40 may be
used with sub-groups, allowing for a greater range of
sub-array shapes, sizes, and/or orientations to be provided.

[0056] Referring again to FIG. 1, the ASIC 14 provides for
any signal processing, such as preamplification and/or digi-
tization. The ASIC 14 may implement control functions
and/or pulsers. In one embodiment, the ASIC 14 is a partial
beamformer. The signals from separate elements 40 within
a sub-array are combined to provide a sub-array signal as a
group 34 output channel. Delay and sum, sum, and/or phase
and sum partial beamformation may be provided for each
sub-array 32, resulting in signals or data for each channel of
the beamformer of the ultrasound imager 18. This partial
beamformer is a sub-array beamformer that beamforms
separately for each sub-array 32 to provide signals for each
effective element (sub-array 32 or 1D element 30) to the
imager 18. The partially beamformed data is output to the
system channels. From the perspective of the ultrasound
imager 18, an entire sub-array 32 represents a single array
element because all receive signals for all elements within a
sub-array are beamformed or combined before being for-
warded to the imager 18. The system will beamform the
multitude of sub-array signals together.

[0057] The controller 16 is a processor, such as field-
programmable gate array, ASIC, general processor, or con-
trol processor. The controller 16 controls the multiplexer 12
and/or ASIC 14. The controller 16 may control partial
beamforming, such as configuring the delays or phasing to
use and/or turning off partial beamforming where the signals
from different elements 40 combined without phasing or
delay. The controller 16 is positioned in a connector of the
transducer probe, such as the connector for releasable con-
nection with the ultrasound imager 18. In other embodi-
ments, the controller 16 is in the ultrasound imager 18, in the
ASIC 14, and/or in the probe head with the transducer 10.

[0058] Software, firmware, and/or hardware configure the
controller 16 to operate the switches of the multiplexer 12.
The controller 16 controls the switches to provide or utilize
the desired sub-array shapes and sizes. The multiplexer 12 is
controlled to form the 1D array or the 2D array. The routing
switches are operated (opened or closed) to form sub-arrays
32 of the transducer elements 40 as a 1D array of array
elements 30 (see FIG. 6 as an example) or form sub-arrays
32 of the transducer elements 40 as a multi-dimensional
array (e.g., 2D array of FIG. 5 as an example). FIG. 8A
shows the sub-arrays 32 for each group 34 to form the array
of FIG. 5 as a 2D array. The sub-arrays 32 for each group of
FIG. 8B or 8C may be used instead for the 2D array. For the
1D array, each array element 30 is only one element wide in
azimuth and uses the full elevation extent of array of
elements 40 for maximum resolution in 2D imaging. Each
array element 30 is formed from two or more sub-arrays 32
from a respective two or more groups 34. Other array
elements 30 may be used where wider azimuth (e.g., two
elements wide) and/or lesser elevation (e.g., fewer than all
elements 40 in elevation) are used.
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[0059] The ultrasound imager 18 is a medical diagnostic
ultrasound imaging system. Transmit and receive beam-
formers connect through a transmit receive switching system
to a connector for connection with a connector of an
ultrasound probe. The receive beamformer beamforms the
signals from the sub-arrays 32 and outputs the beamformed
data to an image former, such as a detector and scan
converter. A three-dimensional renderer may be provided for
volume (i.e., 3D) or four-dimensional imaging. A display
displays the image resulting from an acoustic scan of the
patient by the transducer 10. The quality of the image is
impacted by the array used to scan. By providing a 1D array
with relative long elevation extent and relatively narrow
azimuth extend for each array element, 2D imaging with
high quality is provided. That same transducer 10 may be
configured for volume imaging of the interior of the patient
on the display.

[0060] FIG. 10 shows another embodiment of a group 34
with switches 100. Only two switches 100 are provided for
each element 40 of the group 34. FIG. 10 shows two
switches 100 for one element 40 for simplicity. Each of the
other elements 40 in the group also has two switches 100.
This arrangement uses the elements 40 of the group 34 with
a fixed sub-array 32 shape for use in a 2D array (i.e., all of
the elements 40 of the group 34 connect to one output 102
(e.g., system channel or output of a partial beamformer).
One switch 100 is used to connect the element 40 to the
output 102, such as to an input to a partial beamformer that
combines signals from all of the elements 40 of the group 34
for output 102 of the system beamformer channel. The other
switch 104 connects the element 40 to one or more elements
of one or more other groups (i.e., cross-boundary to another
sub-array 32). One or both switches 100 may open or closed
at a same time for imaging.

[0061] M outputs and N switches are provided in various
embodiments, where N>M and the M switches connect
elements to outputs within a 2D boundary (group) and the
N-M extra switches connect across these boundaries. For
example, a 1+2 configuration is provided where there are no
groups, just fixed sub-arrays with a single dedicated output
each but with two extra switches per element to allow
vertical connections across boundaries to make the 1D
elements for imaging. Any number (e.g., 1 or 2) extra
switches per element provide long-skinny-elements for 1D
imaging with or without groups 34.

[0062] FIG. 11 is a flow chart diagram of one embodiment
of a method for using a matrix array in 2D ultrasound
imaging. The same matrix array may be used for 3D (or 4D)
imaging. Rather than using the 2D array configuration of the
matrix array for 2D imaging, the matrix array is configured
as a 1D array with narrow (e.g., one element wide) azimuth
and long (e.g., entire elevation extent) elevation array ele-
ments or effective elements.

[0063] The method is implemented by the systems of FIG.
1 or 2, or another system. For example, the transducer 10,
multiplexer 12, and/or ASIC 14 by design groups elements.
The controller 16 controls the multiplexer 12 to connect the
elements within groups to form the desired sub-arrays 32.
The transducer 10, ASIC 14, and ultrasound imager 18
perform ultrasound imaging with the sub-arrays 32 formed
by the connections. The connections may be redone to form
and use other arrays. Other devices may perform any of the
acts.
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[0064] Additional, different, or fewer acts may be pro-
vided. For example, act 114 is not performed where the
transducer is configured as a 2D array. In another example,
act 116 is not performed as imaging but to create an image
or scan data without display. Acts for configurating the
ultrasound imager 18 and/or controller 16 may be provided.
The acts are performed in the order shown (top to bottom or
numerical) or another order.

[0065] In act 110, the design of the transducer 10 and
multiplexer 12 groups contiguous sets of transducer ele-
ments 40 of the matrix array. Each group of contiguous sets
of elements 40 forms a group 34. The matrix array has a
NxM arrangement of the contiguous sets where N is a
number in elevation and M is a number in azimuth, such as
4x12. Each of the contiguous sets is configurable into
different sub-array arrangements, such as shown in FIG.
8A-D. One of the different sub-array arrangements forms
parallel sub-arrays (see FIG. 8D) with greater elevation
extent than azimuth extent.

[0066] For each contiguous set, a limited number of out-
puts for connecting with a respective number of beamformer
channels of the imager 18 are provided. For example, four
or fewer outputs are provided. Another output may be
provided for group-to-group connection as well as connec-
tion with a beamformer channel.

[0067] In act 112, the controller configures the sub-arrays
within each of the contiguous sets of elements 40. The
configuration provides the desired arrangement of sub-
arrays, such as one of the arrangements of FIGS. 8A-C for
3D imaging or the arrangement of FIG. 8D for 2D imaging.
The arrow from act 116 to act 112 shows repetition for use
of a different configuration of the array. The sub-arrays are
configured to provide a multi-dimensional sub-array
arrangement or a 1D sub-array arrangement.

[0068] In act 114, the controller uses the switches to
connect the elements 40 to group outputs or channels to
configure in act 112. For example, a 1D array is provided.
The sub-arrays between different ones of the contiguous sets
connect with the same outputs to form the 1D array of array
elements 30. For full elevation extent, sub-arrays from M
contiguous sets are connected. Any number of sub-arrays in
each contiguous set may be used, such as six. Separate
outputs are used for each of the number of sub-arrays in each
continuous set to form a corresponding number of array
elements 30, creating the 1D array across contiguous sets.
The switches connect between contiguous sets in elevation
by connecting to a same output despite being from different
contiguous sets or groups 34.

[0069] As another example, the switches connect to pro-
vide 2D sub-array arrangements, such as one of the arrange-
ments of FIGS. 8 A-C. Rather than switching elements from
different contiguous sets to the same output, each sub-array
of each contiguous set is connected to a separate group
output and corresponding system channel. The outputs of the
contiguous sets are not shared between contiguous sets.
[0070] In the embodiment of FIG. 9, the switches connect
to a limited number of the outputs of the contiguous set. For
example, the overlapping L.-shaped arrangements defined by
the grouping of act 110 are used. An element 40 in any given
quadrant or sub-grouping is connected with one of three of
the four group outputs. This arrangement allows for any of
the sub-array arrangements of FIGS. 8A-C to be formed.
[0071] In act 116, the ultrasound imager performs ultra-
sound imaging with the transducer as configured. For trans-
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mit operation, a transmit beamformer provides signals sepa-
rately to individual actual elements or to sub-arrays. For
receive operation, signal from individual elements are com-
bined, such as by partial beamforming or connection to a
common conductor. The combination is by sub-array or
combination of sub-arrays in the 1D configuration. The
sub-array signals from the different contiguous sets are
provided through group outputs to the beamformer channels
of the imaging system. The signals are beamformed and
image formed to generate one or more images representing
an interior of the patient.

[0072] 2D imaging is performed with the configured 1D
array. A planar region is scanned and imaged using the 1D
arrangement of sub-arrays. 3D or 4D imaging is performed
with the configured 2D array. A volume region is scanned
and imaged using the 2D arrangement of sub-arrays.
[0073] While the invention has been described above by
reference to various embodiments, many changes and modi-
fications can be made without departing from the scope of
the invention. It is therefore intended that the foregoing
detailed description be regarded as illustrative rather than
limiting, and that it be understood that it is the following
claims, including all equivalents, that are intended to define
the spirit and scope of this invention.

1 (we) claim:

1. A transducer system for ultrasound imaging, the trans-
ducer system comprising:

a two-dimensional array of transducer elements, each of
the transducer elements connected with five or fewer
routing switches, one of the five or fewer routing
switches connectable to multiple of the transducer
elements; and

a controller configured to operate the routing switches to
form a first set of sub-arrays of the transducer elements
as a one-dimensional array and form a second set of
sub-arrays of the transducer elements as a multi-dimen-
sional array.

2. The transducer system of claim 1 wherein the routing
switches for the transducer elements comprise transistors in
a multiplexer.

3. The transducer system of claim 1 wherein the two-
dimensional array of the transducer elements has a greater
number of the transducer elements along azimuth than a
lesser number of the transducer elements along elevation.

4. The transducer system of claim 3 further comprising a
catheter, the two-dimensional array of the transducer ele-
ments being in the catheter.

5. The transducer system of claim 3 wherein each of the
sub-arrays of the first set form single array element only one
transducer element wide in azimuth and the lesser number of
transducer elements wide in elevation.

6. The transducer system of claim 1 further comprising a
sub-array beamformer configured to partially beamform by
the sub-arrays and output partially beamformed data for
each of the sub-arrays to system channels of an ultrasound
imager.

7. The transducer system of claim 1 wherein the trans-
ducer elements are separated into groups, where four or
fewer of the five or fewer routing switches for each of the
transducer elements in each group are connectable to four or
fewer outputs per group.

8. The transducer system of claim 7 wherein the one of the
five or fewer routing switches per transducer element is
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connectable between groups and the four or fewer outputs
are connectable with system channels of a beamformer of an
ultrasound imager.
9. The transducer system of claim 8 wherein the one of the
five or fewer routing switches per transducer element con-
nects to form the first set of sub-arrays and disconnects to
form the second set of sub-arrays.
10. The transducer system of claim 9 wherein, for the first
set of sub-arrays, the four or fewer of the five or fewer
routing switches from different groups forming parts of
same sub-arrays of the first set connect different ones of the
sub-arrays to different system channels.
11. The transducer system of claim 7 wherein the four or
fewer of the five or fewer routing switches per transducer
element form the sub-arrays of the second set as square,
rectangular oriented with a long axis along elevation, or
rectangular oriented with the long axis along azimuth sub-
arrays.
12. The transducer system of claim 7 wherein the four or
fewer outputs comprise four outputs, and wherein each of
the groups has four sub-groups, each of the sub-groups
connectable with three of the four outputs per group, each of
the four outputs connectable with a different combination of
three of the sub-groups.
13. A method for using a matrix array in two-dimensional
ultrasound imaging, the method comprising:
grouping contiguous sets of transducer elements of the
matrix array, the matrix array having a NxM arrange-
ment of the contiguous sets where N is a number in a
first direction and M is a number in a second direction
perpendicular to the first direction, each of the contigu-
ous sets configurable into different sub-array arrange-
ments, one of the different sub-array arrangements
forming parallel sub-arrays with greater extent in the
first direction than extent in the second direction;

connecting, in the one of the different sub-array arrange-
ments, sub-arrays between different ones of the con-
tiguous sets with a same number of M in the second
direction, the connecting creating a one-dimensional
array; and

performing ultrasound imaging with the one-dimensional

array.

14. The method of claim 13 wherein connecting com-
prises connecting with first switches connectable between
the contiguous sets in the first direction.

15. The method of claim 14 wherein each of the contigu-
ous sets has four or fewer outputs connectable with beam-
former channels of an ultrasound imager and the first
switches connectable between the contiguous sets, and
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wherein performing comprises receiving signals from the
sub-arrays as connected between the different ones of the
contiguous sets and providing the signals to the beamformer
channels through the outputs of two or more of the contigu-
ous sets.

16. The method of claim 14 further comprising config-
uring the sub-arrays within each of the contiguous sets so as
to provide a multi-dimensional sub-array arrangements as
another of the different sub-array arrangements and perform-
ing ultrasound imaging of a volume with the other of the
different sub-array arrangements.

17. The method of claim 16 wherein configuring com-
prises configuring with overlapping [.-shaped arrangements
for each output in each of the contiguous sets.

18. A transducer system for ultrasound imaging, the
transducer system comprising:

a two-dimensional array of transducer elements,

a multiplexer configured to connect the transducer ele-
ments into a one-dimensional array where each array
element of the one-dimensional array has a width of a
single one of the transducer elements in azimuth and a
height of multiple of the transducer elements in eleva-
tion and configured to connect the transducer elements
into a multi-dimensional array where each array ele-
ment of the multi-dimensional array is formed from
multiple of the transducer elements; and

a controller configured to control the multiplexer to form
the one-dimensional array or the multi-dimensional
array.

19. The transducer system of claim 18 wherein the
multiplexer comprises switches where five or fewer of the
switches are provided for each of the transducer elements,
one of the five or fewer of the switches for connecting
between the transducer elements in the one-dimensional
array and a remaining four or fewer of the switches for
connecting to outputs to beamformer channels of an imaging
system.

20. The transducer system of claim 18 wherein the
multiplexer comprises switches where four or fewer of the
switches are provided for each of the transducer elements,
one of the four or fewer of the switches for connecting
between the transducer elements in the one-dimensional
array and a remaining three or fewer of the switches for
connecting to outputs to beamformer channels of an imaging
system, the transducer elements being grouped into different
sets, each of the sets having overlapping sub-groups where
each overlapping sub-group has a common one of the
outputs.



