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ACOUSTIC PROBE WITH COMPONENTS OF ACOUSTIC ELEMENTS
HAVING DIFFERENT PITCHES THAN EACH OTHER

TECHNICAL FIELD

This invention pertains to an acoustic probe, and in particular to an acoustic probe
having an array for acoustic transducers or elements and corresponding acoustic element

circuits.

BACKGROUND AND SUMMARY

Acoustic (e.g., ultrasound) imaging systems are being employed in an increasing
number of contexts. An acoustic imaging system generally employs an acoustic probe for
providing the acoustic beam to the area to be imaged and to receive the acoustic wave back
from that area. An acoustic probe may employ an acoustic array to generate an acoustic
beam which can be focused and steered to an area of interest. Acoustic arrays may be
configured as a single row of acoustic elements, a one-dimensional (1D) array for imaging
a two dimensional (2D) image plane, or as a two dimensional (2D) array for imaging a
three dimensional region. Each of these acoustic elements includes an acoustic transducer
element, and a corresponding acoustic element circuit. A 2D array comprises acoustic
elements extending in both azimuth and elevation directions which can be operated fully
independently to both focus and steer beams in any azimuth or elevation direction. These
arrays can be configured in either flat or curved orientations.

Among the important parameters of an acoustic array that affect the performance of
the acoustic probe and the acoustic imaging system are the pitch or spacing between
adjacent acoustic elements and the size of the acoustic array. In particular, it is desired in
some applications to provide a large acoustic array with a small pitch between adjacent
acoustic elements. However, from a practical standpoint, it is difficult to produce a single
semiconductor die to realize an acoustic array which is as large as might be desired.
Furthermore, mounting a large semiconductor die on the curved surface of the housing of
an acoustic probe can be problematic.

Accordingly, it would be desirable to provide an acoustic probe which includes a

large acoustic array with small pitches between adjacent acoustic elements. It would
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further be desirable to provide a semiconductor die which can be employed in such an
acoustic array. It would still further be desirable to provide a semiconductor wafer on
which one or more such die can be fabricated.

In one aspect of the invention, a device comprises an acoustic probe having a
plurality of acoustic array components separated and spaced apart from each other. Each of
the acoustic array components comprises: an array of acoustic element circuits disposed
contiguous to each other at a first pitch in at least a first direction; a plurality of pads each
corresponding to one of the acoustic element circuits and formed within a circuitry area of
the corresponding acoustic element circuit, the pads being arranged at a second pitch in at
least the first direction; a plurality of interconnection bumps each corresponding to one of
the pads and being disposed in electrical connection with the corresponding pad, wherein
the interconnection bumps are disposed at a third pitch in at least the first direction; and a
plurality of acoustic transducer elements on the interconnection bumps, wherein the
acoustic transducer elements are disposed at a fourth pitch in at least a first direction, and
wherein at least two of the first, second, third, and fourth pitches are different than each
other.

In some embodiments, the third pitch is greater than the second pitch.

In some embodiments, the fourth pitch is greater than the third pitch.

In some embodiments, the second pitch is greater than the first pitch.

In some versions of these embodiments, the second pitch, third pitch, and fourth
pitch are approximately the same as each other.

In some versions of these embodiments, the fourth pitch is substantially the same as
the second pitch and the third pitch is greater than the fourth pitch.

In some versions of these embodiments, the second pitch is approximately the same
as the first pitch.

In some versions of these embodiments, the third pitch is approximately the same
as the first pitch, and the fourth pitch is greater than the first pitch.

In some versions of these embodiments, the third pitch is greater than the first pitch,
and the fourth pitch is approximately the same as the third pitch.

In some embodiments, at least a first acoustic array component and a second
acoustic array component among the plurality of acoustic array components are provided
together on a common semiconductor substrate, wherein the pads of the first and second

acoustic array components together form an array of pads, and wherein the pads of the first
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and second acoustic array components have a substantially uniform pitch throughout the
array of pads.

In some versions of these embodiments, the acoustic transducer elements of the
first and second acoustic array components together form an array of acoustic transducer
elements, and wherein the acoustic transducer elements of the first and second acoustic
array components have a substantially uniform pitch throughout the array of acoustic
transducer elements.

In some embodiments, at least a first acoustic array component and a second
acoustic array component among the plurality of acoustic array components are provided
on different semiconductor substrates than each other, wherein the pads of the first and
second acoustic array components together form an array of pads, and wherein the pads of
the first and second acoustic array components have a substantially uniform pitch
throughout the array of pads.

In some versions of these embodiments, the acoustic transducer elements of the
first and second acoustic array components together form an array of acoustic transducer
elements, and wherein the acoustic transducer elements of the first and second acoustic
array components have a of acoustic transducer elements uniform pitch throughout the
array of acoustic transducer elements

In another aspect of the invention, a device comprises: a substrate including at least
first and second circuit regions, wherein the first circuit region and the second circuit
region are separated and spaced apart from each other by a scribing lane for scribing die
from the substrate. Each of the circuit regions comprises: an array of acoustic element
circuits disposed at a first pitch in at least a first direction; and a plurality of pads each
corresponding to one of the acoustic element circuits and formed within a circuitry area of
the corresponding acoustic element circuit, wherein the pads of the first and second circuit
regions together form an array of pads having a substantially uniform pitch in at least the
first direction throughout the array of pads, where the uniform pitch is a second pitch
which is greater than the first pitch.

In some embodiments, the array of acoustic element circuits includes: a first
acoustic element circuit at a first end of the array, the first acoustic element having a
corresponding first pad; and a last acoustic element circuit at a second end of the array
which is opposite the first end of the array, the last acoustic element having a

corresponding last pad, wherein the first and last pads are disposed along opposite sides of
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the corresponding acoustic element circuits with respect to each other.

In some embodiments, the substrate includes at least third and fourth circuit
regions, wherein the first, second, third, and fourth circuit regions form a two dimensional
array and are separated and spaced apart from each other by one or more scribing lanes.

In some embodiments, the device further comprises a plurality of interconnection
bumps each corresponding to one of the pads and being disposed in electrical connection
with the corresponding pad.

In some versions of these embodiments, the device further comprises a plurality of
acoustic transducer elements on the interconnection bumps, wherein the interconnection
bumps.

In yet another aspect of the invention, a device comprises: an array of acoustic
element circuits disposed on a substrate at a first pitch in at least a first direction; and a
plurality of pads each corresponding to one of the acoustic element circuits and formed
within a circuitry area of the corresponding acoustic element circuit, the pads being
disposed at a second pitch in at least the first direction, wherein the second pitch is greater
than the first pitch.

In some embodiments, the array of acoustic element circuits includes: a first
acoustic element circuit at a first end of the array, the first acoustic element having a
corresponding first pad; and a last acoustic element circuit at a second end of the array
which is opposite the first end of the array, the last acoustic element having a
corresponding last pad, wherein the first and last pads are disposed along opposite sides of
the corresponding acoustic element circuits with respect to each other.

In some embodiments, the device further comprises: a plurality of interconnection
bumps each corresponding to one of the pads and being disposed in electrical connection
with the corresponding pad; and a plurality of acoustic transducer elements disposed on the

interconnection bumps.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates in block diagram form an acoustic imaging system including an
acoustic probe with a curved two dimensional acoustic array.
FIG. 2 illustrates a portion of an acoustic array.

FIG. 3 illustrates an example embodiment of a circuit region of a substrate, where
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the circuit region includes an array of acoustic element circuits.

FIG. 4 illustrates an example embodiment of a circuit region of a substrate, where
the circuit region includes an array of acoustic element circuits each having a
corresponding pad.

FIG. 5 illustrates a portion of an example embodiment of a semiconductor wafer
including a plurality of circuit regions, where each circuit region includes an array of
acoustic element circuits each having a corresponding pad.

FIG. 6 illustrates an example embodiment of a device including an array of acoustic
element circuits each having a corresponding pad and an interconnection bump, and an
acoustic transducer disposed on the interconnection bumps.

FIG. 7 illustrates an embodiment of a device including an array of acoustic element
circuits each having a corresponding pad and an interconnection bump, and plurality of
acoustic transducer elements disposed on the interconnection bumps.

FIG. 8 illustrates a first example embodiment of an acoustic array component
including an array of acoustic elements.

FIG. 9 illustrates a second example embodiment of an acoustic array component
including an array of acoustic elements.

FIG. 10 illustrates a third example embodiment of an acoustic array component
including an array of acoustic elements.

FIG. 11 illustrates a portion of a first embodiment of an acoustic array.

FIG. 12 illustrates a portion of a second embodiment of an acoustic array.

FIG. 13 illustrates a portion of a third embodiment of an acoustic array.

FIG. 14 illustrates a portion of a fourth embodiment of an acoustic array.

DETAILED DESCRIPTION

The present invention will now be described more fully hereinafter with reference
to the accompanying drawings, in which preferred embodiments of the invention are
shown. This invention may, however, be embodied in different forms and should not be
construed as limited to the embodiments set forth herein. Rather, these embodiments are
provided as teaching examples of the invention. Within the present disclosure and claims,
when something is said to have “approximately” a certain value, then it means that it is

within 2% of that value when something is said to have “about” a certain value, then it
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means that it is within 10% of that value, and when something is said to have
“substantially” a certain value, then it means that it is within 25% of that value.

FIG. 1 illustrates in block diagram form an acoustic imaging system 1. Acoustic
imaging system 1 includes an acoustic probe 10 with a curved two dimensional acoustic
array 12, connected via a cable 16 to a system beamformer 22, which is in turn connected
to a controller 24 and a system image processor 24. Acoustic imaging system 1 also
includes user controls 20 and a display 30.

Acoustic probe 10 includes a two dimensional acoustic array 12, which in this
example is curved in the elevation dimension. Under the ultimate control of controls 20,
the acoustic elements of acoustic array 12 transmit acoustic one or more acoustic beams in
the desired directions and to the desired focal points in the three dimensional image field in
front of acoustic array 12. Echoes from the transmitted beams may be received by the
acoustic transducer elements of acoustic array 12. Output signals of acoustic array 12 are
provided via cable 16 to system beamformer 22, to ultimately generate an image which is
displayed on display 30.

FIG. 2 illustrates a portion of an acoustic array 12 which may be employed in
acoustic imaging system 1. Acoustic array 12 comprises two or more acoustic array
components, two of which are illustrated in FIG. 2 as first acoustic array component 11-1
and second acoustic array component 11-2. It should be understand that in general,
acoustic array 12 may comprise any number of acoustic array components arranged in one
or two dimensional arrays. First and second acoustic array components 11-1 and 11-2 each
comprise an array of acoustic elements 2. Each acoustic element 2 includes an acoustic
transducer element 3, and a corresponding acoustic element circuit 4 for coupling an
electrical signal to acoustic transducer element 3 and receiving an electric signal from
acoustic transducer element 3. Each acoustic element circuit 4 has a corresponding pad 5
formed within a circuitry area of the corresponding acoustic element circuit. Each acoustic
element 2 further includes an interconnection bump 6 providing an electrical connection
between the corresponding pad 5 and the corresponding acoustic transducer element 3.

As shown in FIG. 2, first and second acoustic array components 11-1 and 11-2 are
provided on corresponding first and second semiconductor dies 7-1 and 7-2 where
corresponding groups of the acoustic element circuits 4 are provided contiguous to each
other. As shown in FIG. 2, each of the semiconductor dies 7-1 and 7-2 include a border 8

along each edge thereof corresponding to a scribe lane on the original semiconductor wafer
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from which the dies were produced.

First and second acoustic array components 11-1 and 11-2 may be provided on a
surface of an acoustic probe, for example a curved surface.

Due to the need for mechanical overhead and tolerances, first and second acoustic
array components 11-1 and 11-2 are separated and spaced apart from each other by a space
13.

Accordingly, due to the border 8 and the space 13, there is a gap 15 between the
acoustic transducer element 3 at one edge of first acoustic array component 11-1 and the
adjacent acoustic transducer element 3 at the adjacent and opposite edge of second acoustic
array component 11-2. This gap is undesirable and prevents construction of a uniform array
of acoustic elements 2 when the acoustic elements are provided on two or more
semiconductor dies. The description to follow with respect to FIGs. 3 and 11 discloses one
or more embodiments which may overcome this problem.

FIG. 3 illustrates an example embodiment of a circuit region 1000 of a substrate,
where circuit region 1000 includes an array of acoustic element circuits 1002. Here,
acoustic element circuits 1002 are disposed contiguous to each other at a first pitch P1.
Here, “pitch” is understood to mean an average spacing between the centers of two
elements which are closest to each other, allowing for the case of a uniform spacing as well
as any other distribution with the same location of the end elements as a uniformly spaced
distribution would have. When we say that two pitches are different, we mean they have
different end points and the distribution within the end points can be arbitrary. In
particular, the first pitch P1 represents the average spacing between the centers of two
elements which are closest to each other (i.e., adjacent). In some embodiments, the first
pitch P1 may be uniform or substantially uniform among acoustic element circuits 1002 of
circuit region 1000.

FIG. 3 illustrates an embodiment where the array of acoustic element circuits 1002
is a two-dimensional array arranged in M rows each extending in the X direction and N
columns each extending in the ¥ direction, where each row includes a first acoustic
element circuit 1002-1 at a first end thereof, and a last acoustic element circuit 1002-N at a
second (opposite) end thereof. Here, acoustic element circuits 1002 are disposed
contiguous to each other at the first pitch P1 in both the X direction and the Y direction.
However, in some embodiments the array may be linear, or acoustic element circuits 1002

may have the first pitch P1 only in one direction.
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FIG. 4 illustrates an example embodiment of a circuit region 1000 of a substrate,
where circuit region 1000 includes an array of acoustic element circuits 1002 each having a
corresponding pad 1004. Each pad 1004 is provided for electrical interconnection between
the corresponding acoustic element circuit 1002 and a corresponding external component,
for example an acoustic transducer element. For simplicity of illustration FIG. 4 only
shows pads 1004 for some of acoustic element circuits 1002, including the first row of the
array of acoustic element circuits 1002, from a first pad 1004-1 for first acoustic element
circuit 1002-1, to a last pad 1004-N for last acoustic element circuit 1002-N. However it
should be understood that in general each of the acoustic element circuits 1002 has its own
corresponding pad 1004.

As illustrated in FIG. 4, pads 1004 form an array of pads 1004 disposed at a second
pitch P2 Here, again, “pitch” is understood to mean an average spacing between the
centers of two elements which are closest to each other, allowing for the case of a uniform
spacing as well as any other distribution with the same location of the end elements as a
uniformly spaced distribution would have. In particular, the second pitch P2 represents the
average spacing between the centers of two elements which are closest to each other (i.e.,
adjacent). In some embodiments, the second pitch P2 may be uniform or substantially
uniform among pads 1004. In FIG. 4, pads 1004 are disposed at the second pitch P2 in
both the X direction and the ¥ direction. However, in some embodiments the array may be
linear, or pads 1004 may have the second pitch P2 only in one direction.

Significantly, as shown in FIG. 4 the second pitch P2 of pads 1004 is greater than
the first pitch P1 of acoustic element circuits 1002. As a result, in the specific embodiment
illustrated in FIG. 4, first pad 1004-1 and last pad 1004-N are disposed along opposite sides
of the corresponding acoustic element circuits 1002-1 and 1002-N with respect to each
other.

FIG. 5 illustrates a portion of an example embodiment of a semiconductor wafer
comprising a substrate 50 having a plurality of circuit regions 1000, including a first circuit
region 1000-1 and a second circuit region 1000-2 which are separated and spaced apart
from each other by a scribe lane 55. In general, substrate 50 includes a plurality of circuit
regions, including third and fourth circuit regions, wherein the first, second, third, and
fourth circuit regions form a two dimensional array and are separated and spaced apart
from each other by one or more scribing lanes 55.

Each circuit region 1000 includes an array of acoustic element circuits 1002 having
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the first pitch P1-1 in the X direction. Each acoustic element circuit 1002 has a
corresponding pad 1004 formed within a circuitry area of the corresponding acoustic
element circuit 1002. As shown in FIG. 5, pads 1004 are disposed at the second pitch P2-1
in the X direction, where the second pitch P2-1 is greater than the first pitch P1-1. Asa
result, in the specific embodiment illustrated in FIG. 5, first pad 1004-1 and last pad 1004-
N in each row of each circuit region 1000 are disposed along opposite sides of the
corresponding acoustic element circuits 1002-1 and 1002-N with respect to each other.

Significantly, in some embodiments, pads 1004 of first and second circuit regions
1000-1 and 1000-2 together form an array of pads 1004, wherein pads 1004 of first and
second circuit regions 1000-1 and 1000-2 may have a uniform or substantially uniform
pitch throughout the array of pads 1004 in at least the X direction, where the uniform or
substantially uniform pitch is the second pitch P2-1.

FIG. 5 shows that acoustic element circuits 1002 and pads 1004 are each disposed
in a two dimensional array of rows and columns, extending respectively in the X direction
and Y direction. Accordingly, the array of acoustic element circuits 1002 has the pitch P1-
1 in the X direction and a pitch P1-2 in the ¥ direction. In some embodiments, P1-1 is the
same as P1-2. However, in some embodiments P1-1 may be different than P1-2.
Similarly, the array of pads 1004 has the pitch P2-1 in the X direction and a pitch P2-2 in
the Y direction. In some embodiments, P2-1 is the same as P2-2. However, in some
embodiments P2-1 may be different than P2-2.

FIG. 6 illustrates an example embodiment of a device 60 including an array of
acoustic element circuits each having a corresponding pad 1004 and an interconnection
bump 1005, and an acoustic transducer 2000 disposed on interconnection bumps 1005,

Significantly, as shown in FIG. 6 the second pitch P2 of pads 1004 is greater than
the first pitch P1 of acoustic element circuits 1002. As a result, in the specific embodiment
illustrated in FIG. 6, first pad 1004-1 and last pad 1004-N are disposed along opposite sides
of the corresponding acoustic element circuits 1002 with respect to each other.

Each of the interconnection bumps 1005 is electrically conductive and in electrical
contact or connection with a corresponding one of the pads 1004 and electrically connects
the pad 1004, and thereby the corresponding acoustic element circuit, with acoustic
transducer 2000. Acoustic transducer 2000, which for example may be a piezoelectric
transducer, is configured to convert a received electrical signal to a sound wave, and

conversely to convert a received sound wave to an electrical signal.
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Interconnection bumps 1005 are disposed at a third pitch P3 in at least the X
direction (and in some embodiments, in both the X direction and the Y direction). Here,
again, “pitch” is understood to mean an average spacing between the centers of two
elements which are closest to each other, allowing for the case of a uniform spacing as well
as any other distribution with the same location of the end elements as a uniformly spaced
distribution would have. In particular, the third pitch P3 represents the average spacing
between the centers of two elements which are closest to each other (i.e., adjacent). In
some embodiments, the third pitch P3 may be uniform or substantially uniform among
interconnection bumps 1005.

In general, the third pitch P3 of interconnection bumps 1005 may be different from
the second pitch P2 of pads 1004 and/or the first pitch P1 of acoustic element circuits 1002.
However, in some embodiments, as described below, the third pitch P3 of interconnection
bumps 1005 may be the same as or substantially the same as the second pitch P2 of pads
1004, while in other embodiments, the third pitch P3 of interconnection bumps 1005 may
be the same as or substantially the same as the first pitch P1 of acoustic element circuits
1002.

FIG. 7 illustrates a first example embodiment of a device 70 including an array of
acoustic element circuits each having a corresponding pad 1004 and an interconnection
bump 1005, and plurality of acoustic transducer elements 2002 disposed on the
interconnection bumps 1005.

FIG. 8 illustrates a first example embodiment of an acoustic array component 80
including an array of acoustic elements 3000. Each acoustic element 3000 includes an
acoustic element circuit 1002, with a corresponding pad 1004, an acoustic transducer
element 2002, and an interconnection bump 1005. More specifically, acoustic array
component 80 comprises: an array of acoustic element circuits 1002 disposed contiguous to
each other at a first pitch P1; a plurality of pads 1004 each corresponding to one of the
acoustic element circuits 1002 and formed within a circuitry area of the corresponding
acoustic element circuit 1002, pads 1004 being disposed at a second pitch P2; a plurality of
interconnection bumps 1005 each corresponding to one of the pads 1004 and being
disposed in electrical connection with the corresponding pad 1004; and a plurality of
acoustic transducer elements 2002 disposed on the interconnection bumps. In some
embodiments, the array of acoustic elements 3000 may be two dimensional, in which case

the array of acoustic element circuits 1002, pads 1004, etc. may also be two dimensional.
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Significantly, as shown in FIG. 8 the second pitch P2 of pads 1004 is greater than
the first pitch P1 of acoustic element circuits 1002. As a result, in the specific embodiment
illustrated in FIG. 4, first pad 1004-1 and last pad 1004-N are disposed along opposite sides
of the corresponding acoustic element circuits 1002 with respect to each other.

Interconnection bumps 1005 are disposed at the third pitch P3 as discussed above
with respect to FIG. 6. Furthermore, acoustic transducer elements 2002 are disposed at a
fourth pitch P4 in at least the X direction (and in some embodiments, in both the X
direction and the ¥ direction, which is into the page in FIG. 8). Here, again, “pitch” is
understood to mean an average spacing between the centers of two elements which are
closest to each other, allowing for the case of a uniform spacing as well as any other
distribution with the same location of the end elements as a uniformly spaced distribution
would have. In particular, the fourth pitch P4 represents the average spacing between the
centers of two elements which are closest to each other (i.e., adjacent). In some
embodiments, the fourth pitch P4 may be uniform or substantially uniform throughout
acoustic array component 80.

In the example embodiment illustrated in FIG. 8, the third pitch P3 of
interconnection bumps 1005 is the same or substantially the same as the first pitch P1 of
the acoustic element circuits 1002. Furthermore, the fourth pitch P4 of acoustic transducer
elements 2002 is also the same or substantially the same as the first pitch P1 of the acoustic
element circuits 1002,

FIG. 9 illustrates a second example embodiment of an acoustic array component 90
including an array of acoustic elements 3000. Acoustic array component 90 is similar to
acoustic array component 80, and so for brevity of explanation, only the differences will be
discussed. In particular, in comparison to acoustic array component 80, in acoustic array
component 90 the third pitch P3 of interconnection bumps 1005 is the same or substantially
the same as the second pitch P2 of pads 1004. However, in similarity to acoustic array
component 80, in acoustic array component 90 the fourth pitch P4 of acoustic transducer
elements 2002 is the same or substantially the same as the first pitch P1 of the acoustic
element circuits 1002,

FIG. 10 illustrates a third example embodiment of an acoustic array component 100
including an array of acoustic elements 3000. Acoustic array component 100 is similar to
acoustic array component 80, and so for brevity of explanation, only the differences will be

discussed. In particular, in comparison to acoustic array component 80, in acoustic array
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component 100 the third pitch P3 of interconnection bumps 1005 is the same or
substantially the same as the second pitch P2 of pads 1004. Furthermore, in acoustic array
component 100 the fourth pitch P4 of acoustic transducer elements 2002 is also the same or
substantially the same as the second pitch P2 of pads 1004.

FIG. 11 illustrates a portion of a first embodiment of an acoustic array 110 which
may be employed in place of acoustic array 12 in imaging system 1 as illustrated in FIG. 1.
Acoustic array 110 includes a plurality of acoustic array components 100, including a first
acoustic array component 100-1 and a second acoustic array component 100-2, which are
spaced apart and separated by each other. Also shown in FIG. 11 are a ground plane 112
for the acoustic transducer elements 2002 of first and second acoustic array components
100-1 and 100-2, and a ground return 114 connected to ground plane 112. Acoustic array
110 may include a plurality of other acoustic array components 100 not shown in FIG. 11.
In some embodiments, acoustic array may include a two dimensional array of acoustic
array components 100, for example a 3 x 2 array.

Acoustic circuit elements 1002 and pads 1004 of first acoustic array component
100-1 are formed in a first circuit region 1000-1, and the acoustic circuit elements 1002
and pads 1004 of second acoustic array component 100-2 are formed in a second circuit
region 1000-2. Each of the first and second circuit regions 1000-1 and 1000-2 has a border
1008 along the edges or side thereof, which may comprise all or a portion of a scribe line
for a die on which the corresponding circuit region 1000 is provided.

In some embodiments, the dies for first circuit region 1000-1 and second circuit
region 1000-2 may be provided on a same semiconductor substrate as each other. In other
embodiments, the dies for first circuit region 1000-1 and second circuit region 1000-2 may
be provided on different semiconductor substrates from each other.

Significantly, as shown in FIGs. 10 and 11, the second pitch P2 of pads 1004 is
greater than the first pitch P1 of acoustic element circuits 1002. As a result, in the specific
embodiment illustrated in FIG. 11, first pad 1004-1 and last pad 1004-N are disposed along
opposite sides of the corresponding acoustic element circuits 1002 with respect to each
other.

Additionally, the third pitch P3 of interconnection bumps 1005 and the fourth pitch
P4 of acoustic transducer elements 2002 are also the same or substantially the same as the
second pitch P2 of pads 1004.

The acoustic array components 100 of acoustic array 110 may be provided on a
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surface of an acoustic probe, for example a curved surface.

Beneficially, with the arrangement of pads 1004 having a greater pitch than
acoustic element circuits 1002, when first and second acoustic array components 100-1 and
100-2 are placed next to each other, in acoustic array 110 the gap 1015 between the
acoustic transducer element 2002 at one edge of first acoustic array component 100-1 and
the adjacent acoustic transducer element 2002 at the adjacent and opposite edge of second
acoustic array component 100-2 is the same or substantially the same as the gap between
adjacent acoustic transducer element 2002 of the same acoustic array component 100. As a
result, the construction of a uniform array of acoustic elements 3000, and in particular a
uniform array of acoustic transducer elements 2002, can be provided even when acoustic
elements 3000 are provided on two or more semiconductor dies (which may be on the
same substrate, or on separate substrates).

FIG. 12 illustrates a portion of a second embodiment of an acoustic array 120
which may be employed in place of acoustic array 12 in imaging system 1 as illustrated in
FIG. 1. Acoustic array 120 is similar to acoustic array 110, and so for brevity of
explanation, only the differences will be discussed. In particular, acoustic array 120
includes first and second acoustic array components 102-1 and 102-2 which may be
identical or substantially identical to each other. Acoustic array 120 may include a plurality
of other acoustic array components not shown in FIG. 12. In some embodiments, acoustic
array may include a two dimensional array of acoustic array components 102, for example
a 3 x 2 array.

Acoustic array components 102-1 and 102-2 may each be similar to acoustic array
component 100 illustrated in FIGs. 10 and 11 and discussed above, with a difference being
that in acoustic array components 102-1 and 102-2, the third pitch P3 of interconnection
bumps 1005 is greater than the second pitch P2 of pads 1004, while the fourth pitch P4 of
acoustic transducer elements 2002 is the same or substantially the same as the second pitch
P2 of pads 1004.

Similarly to acoustic array 110, in acoustic array 120 the gap 1015 between the
acoustic transducer element 2002 at one edge of first acoustic array component 102-1 and
the adjacent acoustic transducer element 2002 at the adjacent and opposite edge of second
acoustic array component 102-2 is the same or substantially the same as the gap between
adjacent acoustic transducer element 2002 of the same acoustic array component 102. As a

result, the construction of a uniform array of acoustic elements 3000, and in particular a
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uniform array of acoustic transducer elements 2002, can be provided even when acoustic
elements 3000 are provided on two or more semiconductor dies (which may be on the
same substrate, or on separate substrates).

FIG. 13 illustrates a portion of a third embodiment of an acoustic array 130 which
may be employed in place of acoustic array 12 in imaging system 1 as illustrated in FIG. 1.
Acoustic array 130 includes first and second acoustic array components 104-1 and 104-2
which may be identical or substantially identical to each other. Acoustic array 130 may
include a plurality of other acoustic array components not shown in FIG. 13. In some
embodiments, acoustic array may include a two dimensional array of acoustic array
components 104, for example a 3 x 2 array.

Acoustic circuit elements 1002 and pads 1004 of first acoustic array component
104-1 are formed in a first circuit region 1300-1, and the acoustic circuit elements 1002
and pads 1004 of second acoustic array component 104-2 are formed in a second circuit
region 1300-2. Each of the first and second circuit regions 1000-1 and 1000-2 has border
1008 along the edges or side thereof, which may comprise all or a portion of a scribe line
for a die on which the corresponding circuit region 1300 is provided.

In some embodiments, the dies for first circuit region 1300-1 and second circuit
region 1300-2 may be provided on different semiconductor substrates from each other.

Significantly in contrast to acoustic arrays 110 and 120, in acoustic array 130 the
second pitch P2 of pads 1004 and the first pitch P1 of acoustic element circuits 1002 are
the same as each other. More specifically, in each of the circuit regions 1300, first pad
1004-1 and last pad 1004-N are disposed in the same relative position in their
corresponding acoustic element circuits 1002-1 and 1002-N as each other.

The acoustic array components 104 of acoustic array 130 may be provided on a
surface of an acoustic probe, for example a curved surface.

Additionally, as shown in FIG. 13, in acoustic array 130, and in each of the first and
second acoustic array components 104-1 and 104-2, the third pitch P3 of interconnection
bumps 1005 is the same as the first pitch P1 of acoustic circuit elements 102 and the
second pitch P2 of pads 1004, while the fourth pitch P4 of acoustic transducer elements
2002 is greater than the first pitch P1 of acoustic circuit elements 102, the second pitch P2
of pads 1004, and the third pitch P3 of interconnection bumps 1005.

Beneficially, with this arrangement, when first and second acoustic array

components 104-1 and 104-2 are placed next to each other, in acoustic array 130 the gap
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1015 between the acoustic transducer element 2002 at one edge of first acoustic array
component 104-1 and the adjacent acoustic transducer element 2002 at the adjacent and
opposite edge of second acoustic array component 104-2 is the same or substantially the
same as the gap between adjacent acoustic transducer element 2002 of the same acoustic
array component 104. As a result, the construction of a uniform array of acoustic elements
3000, and in particular a uniform array of acoustic transducer elements 2002, can be
provided even when acoustic elements 3000 are provided on two or more different
semiconductor dies.

FIG. 14 illustrates a portion of a fourth embodiment of an acoustic array 140 which
may be employed in place of acoustic array 12 in imaging system 1 as illustrated in FIG. 1.
Acoustic array 140 is similar to acoustic array 110, and so for brevity of explanation, only
the differences will be discussed. In particular, acoustic array 140 includes first and second
acoustic array components 106-1 and 106-2 which may be identical or substantially
identical to each other. Acoustic array 140 may include a plurality of other acoustic array
components not shown in FIG. 14. In some embodiments, acoustic array may include a
two dimensional array of acoustic array components 106, for example a 3 x 2 array.

Acoustic array components 106-1 and 106-2 may each be similar to acoustic array
component 104 illustrated in FIG. 13 and discussed above, with the difference being that in
acoustic array components 106-1 and 106-2, the third pitch P3 of interconnection bumps
1005 is the same as the fourth pitch P4 of acoustic transducer elements 2002, so that both
the third pitch P3 and the fourth pitch P4 are greater than the second pitch P2 of pads 1004
and the first pitch P1 of acoustic circuit elements 102.

Similarly to acoustic array 110, in acoustic array 120 the gap 1015 between the
acoustic transducer element 2002 at one edge of first acoustic array component 106-1 and
the adjacent acoustic transducer element 2002 at the adjacent and opposite edge of second
acoustic array component 106-2 is the same or substantially the same as the gap between
adjacent acoustic transducer element 2002 of the same acoustic array component 106. As a
result, the construction of a uniform array of acoustic elements 3000, and in particular a
uniform array of acoustic transducer elements 2002, can be provided even when acoustic
elements 3000 are provided on two or more different semiconductor dies.

Although acoustic arrays 110, 120, 130 and 140 have been described in detail as
example embodiments, in general it should be understood that other embodiments are

possible, including, for example, acoustic arrays which employ acoustic array components
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80 and 90 described above.

While preferred embodiments are disclosed herein, many variations are possible
which remain within the concept and scope of the invention. Such variations would
become clear to one of ordinary skill in the art after inspection of the specification,
drawings and claims herein. The invention therefore is not to be restricted except within

the scope of the appended claims.
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CLAIMS

What is claimed is:

1. A device, comprising:
an acoustic probe having a plurality of acoustic array components separated and
spaced apart from each other, each of the acoustic array components comprising:

an array of acoustic element circuits disposed contiguous to each other at a
first pitch in at least a first direction;

a plurality of pads each corresponding to one of the acoustic element
circuits and formed within a circuitry area of the corresponding acoustic element circuit,
the pads being arranged at a second pitch in at least the first direction;

a plurality of interconnection bumps each corresponding to one of the pads
and being disposed in electrical connection with the corresponding pad, wherein the
interconnection bumps are disposed at a third pitch in at least the first direction; and

a plurality of acoustic transducer elements on the interconnection bumps,
wherein the acoustic transducer elements are disposed at a fourth pitch in at least the first
direction,

wherein at least two of the first, second, third, and fourth pitches are

different than each other.

2. The device of claim 1, wherein the third pitch is greater than the second pitch.

3. The device of claim 1, wherein the fourth pitch is greater than the third pitch.

4. The device of claim 1, wherein the second pitch is greater than the first pitch.

5. The device of claim 4, wherein the second pitch, third pitch, and fourth pitch are

approximately the same as each other.

6. The device of claim 4, wherein the fourth pitch is substantially the same as the

second pitch and the third pitch is greater than the fourth pitch.

7. The device of claim 1, wherein the second pitch is approximately the same as
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the first pitch.

8. The device of claim 7, wherein the third pitch is approximately the same as the

first pitch, and the fourth pitch is greater than the first pitch.

9. The device of claim 7, wherein the third pitch is greater than the first pitch, and
the fourth pitch is approximately the same as the third pitch.

10. The device of claim 1, wherein at least a first acoustic array component and a
second acoustic array component among the plurality of acoustic array components are
provided together on a common semiconductor substrate, wherein the pads of the first and
second acoustic array components together form an array of pads, and wherein the pads of
the first and second acoustic array components have a substantially uniform pitch

throughout the array of pads.

11. The device of claim 10, wherein the acoustic transducer elements of the first
and second acoustic array components together form an array of acoustic transducer
elements, and wherein the acoustic transducer elements of the first and second acoustic
array components have a substantially uniform pitch throughout the array of acoustic

transducer elements.

12. The device of claim 1, wherein at least a first acoustic array component and a
second acoustic array component among the plurality of acoustic array components are
provided on different semiconductor substrates than each other, wherein the pads of the
first and second acoustic array components together form an array of pads, and wherein the
pads of the first and second acoustic array components have a substantially uniform pitch

throughout the array of pads.

13. The device of claim 12, wherein the acoustic transducer elements of the first
and second acoustic array components together form an array of acoustic transducer
elements, and wherein the acoustic transducer elements of the first and second acoustic
array components have a of acoustic transducer elements uniform pitch throughout the

array of acoustic transducer elements.
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14. A device, comprising:

a substrate including at least first and second circuit regions, wherein the first
circuit region and the second circuit region are separated and spaced apart from each other
by a scribing lane for scribing die from the substrate, each of the circuit regions
comprising:

an array of acoustic element circuits disposed at a first pitch in at least a first
direction; and
a plurality of pads each corresponding to one of the acoustic element
circuits and formed within a circuitry area of the corresponding acoustic element circuit,
wherein the pads of the first and second circuit regions together form an array of
pads having a substantially uniform pitch in at least the first direction throughout the array

of pads, where the uniform pitch is a second pitch which is greater than the first pitch.

15. The device of claim 14, wherein the array of acoustic element circuits includes:

a first acoustic element circuit at a first end of the array, the first acoustic element
having a corresponding first pad; and

a last acoustic element circuit at a second end of the array which is opposite the first
end of the array, the last acoustic element having a corresponding last pad,

wherein the first and last pads are disposed along opposite sides of the

corresponding acoustic element circuits with respect to each other.

16. The device of claim 14, wherein the substrate includes at least third and fourth
circuit regions, wherein the first, second, third, and fourth circuit regions form a two
dimensional array and are separated and spaced apart from each other by one or more

scribing lanes.

17. The device of claim 14, further comprising a plurality of interconnection
bumps each corresponding to one of the pads and being disposed in electrical connection

with the corresponding pad.

18. The device of claim 17, further comprising a plurality of acoustic transducer

elements on the interconnection bumps.
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19. A device, comprising:

an array of acoustic element circuits disposed on a substrate at a first pitch in at
least a first direction; and

a plurality of pads each corresponding to one of the acoustic element circuits and
formed within a circuitry area of the corresponding acoustic element circuit, the pads being
disposed at a second pitch in at least the first direction,

wherein the second pitch is greater than the first pitch.

20. The device of claim 19, wherein the array of acoustic element circuits includes:

a first acoustic element circuit at a first end of the array, the first acoustic element
having a corresponding first pad; and

a last acoustic element circuit at a second end of the array which is opposite the first
end of the array, the last acoustic element having a corresponding last pad,

wherein the first and last pads are disposed along opposite sides of the

corresponding acoustic element circuits with respect to each other.

21. The device of claim 19, further comprising:
a plurality of interconnection bumps each corresponding to one of the pads and
being disposed in electrical connection with the corresponding pad; and

a plurality of acoustic transducer elements disposed on the interconnection bumps.
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