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(57) ABSTRACT

An electronic array probe for ultrasonic imaging includes an
array of transmitting and/or receiving electroacoustic trans-
ducers arranged in concentric bands in which the transducers
are tangent to one other in both radial and circumferential
directions. In order to minimize the number of transducers
required without compromising dynamic range, a transducer
arrangement geometry is provided so that the number of
transducers having the same focusing delay is minimal or
null.
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ELECTRONIC ARRAY PROBE FOR
ULTRASONIC IMAGING

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation-in-part of appli-
cation Ser. No. 10/883,383, filed Jul. 1, 2004, which claims
the benefit of Furopean Patent Application Serial No.
034254359 filed on Jul. 1, 2003, and both references are
expressly incorporated by reference herein, in their entirety.

BACKGROUND

[0002] This invention relates to electronic array probes for
ultrasonic imaging, and in particular, to electronic array
probes that comprise an array of transmitting and/or receiving
electroacoustic transducers.

[0003] Inthe operation of electronic array probes, an ultra-
sonic beam is swept over a region of interest by electronic
means which electronically generates time delays for acous-
tic radiation from each transducer. Thanks to this technique,
the ultrasonic beam, which is generated by the acoustic con-
tributions from all transducers, may be focused on one point,
line or area of the region of interest, or the beam may be
steered.

[0004] However, conventional two-dimensional array
probes have the drawback of requiring a relatively large num-
ber of transducers in order to obtain sufficient resolution,
resulting in the cable that connects the transducers to the
controller having a large number of conductors, i.e., at least
one conductor per transducer. This is a serious limitation,
particularly for endocavitary or intraluminal probes, which
are designed to be introduced in orifices or canals of the
human or animal body, and are subjected to well-defined
strict size restrictions. Therefore, both cable selection and
probe installation are problematic and expensive, and also
cause the probe to be more delicate to meet size restrictions
that are barely compatible with the ideal size for endocavitary
or intraluminal examinations.

[0005] Two different arrangements are known in the art to
obviate this drawback. A first known arrangement provides
for the use of a multiplexer and a cable having as many
conductors as are needed for a subset of the total number of
transducers, such that conductors are alternately switched to
different subsets of transducers by the multiplexer. In addi-
tionto cost problems, the multiplexer is still a space-requiring
electronic device, so therefore the problem is only partly
solved. Also, while the multiplexing process allows the use of
cables having a reduced number of conductors, i.e. smaller
cables, it requires longer scanning times, as the whole trans-
ducer array is excited by way of a transducer subset exciting
sequence, causing a longer beam forming time in addition to
focusing or steering delays.

[0006] An alternative arrangement is known as a sparse
array probe. Sparse arrays are two-dimensional arrays in
which not all transducers are connected to the controller or
not all the transducers are present. Hence, the number of
conductors in the cable for connecting the probe to the control
apparatus is actually reduced, but the acoustic signal dynamic
range, i.e. the major to minor lobe ratio, is also reduced.
Secondary or minor lobes are related to the number of trans-
ducers in the array. Therefore, sparse array probes typically
have a large number of transducers, making them unsuitable
for use in endocavitary probes.
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[0007] A few examples of the foregoing arrangements are
further detailed in U.S. Pat. No. 5,537,367 and U.S. Pat. No.
6,419.633.

[0008] U.S. Pat. No. 4,797,682 describes an endocavitary
probeinwhich transducers are arranged in annular concentric
bands and are adjacent and tangent to one another both within
their respective annular bands and between annular bands,
and in which transducers have identical extensions or active
radiating areas in any one of the annular bands, and different
extensions of active radiating areas from one band to the
other. Transducers are described to have such sizes that the
spacing between transducers, i.e. between the centers of the
radiating surfaces of transducers, is irregular and does not
account for the current restriction that requires spacing not to
exceed half the wavelength of the acoustic pulse. While trans-
ducer arrays according to U.S. Pat. No. 4,797,682 provide
encouraging results, they still have the drawback of requiring
alarge number of transducers having different sizes, whereby
attention has to be paid during design to ensure that size
differences actually work to minimize the number of trans-
ducers that, in the worst-case scan plane condition, have
identical focusing delays on that plane. Therefore, the design
of these types of probes is difficult and their construction
requires a considerable number of transducer types having
different radiating areas. More generally, there is no rule that
allows for a reduction in the number of different transducers
by providing a way to determine the number, pattern and type
of the transducers required to form a predetermined array
while obtaining the desired results.

[0009] Also, in the arrangement according to the above
mentioned patent, transducer sizes vary from one annular
band to the other; hence, the overall power delivered by each
transducer varies according to its radiating area.

[0010] In the prior art, there are no phased array endocavi-
tary probes that provide good dynamic range, i.e. sufficient
major to minor lobe ratio, good resolution, and relatively low
cost that allow them to be used with low-priced ultrasonic
imaging apparatus.

[0011] From the technical point of view, the solution to this
problem requires two contrasting requirements to be fulfilled.
In fact, the attainment of high resolution and dynamic range,
1.e. anoptimized major to minor or side lobe ratio, requires the
provision of a large number of transducers, and high dynamic
range further requires spacing between transducer centers to
be as small as possible, whereas probe size and cost reduction
requires a reduction of the number of transducers, which
affects resolution and dynamic range.

[0012] Therefore, the need arises for phased array ultra-
sonic probes which have a small size and a sufficient number
of transducers such as to provide an optimized resolution and
an optimized dynamic range, and which can be fabricated at
such cost as to be able to be used with low-priced ultrasonic
imaging apparatus, i.e., at very low costs.

SUMMARY OF THE INVENTION

[0013] The present invention achieves the above purposes
by providing a probe as described hereinbefore in which
transducers are arranged within the array with such a geom-
etry that, given the worst-case scan plane, the number of
transducers having the same focusing delay on a scan point,
line or area, is minimal or null.

BRIEF DESCRIPTION OF THE DRAWING

[0014] FIG. 1 shows ahighly simplified example of a trans-
ducer array with reference to a scan plane on which the beam
resulting from the contributions of the array transducers is to
be focused.
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[0015] FIG. 2 shows how, with reference to the scan plane
of FIG. 1, the transducers of the array of FIG. 1 have identical
delays.

[0016] FIG. 3 is a highly simplified view of a geometrical

arrangement of transducers in which the number of transduc-
ers that have the same focusing delay on the scan plane of
FIG. 1 is minimized.

[0017] FIG. 4 shows, with reference to a scan plane defined
to be inclined along the lines that join the centers of the
transducers of staggered rows, the transducers having differ-
ent delays on an unfavorable scan plane.

[0018] FIG. 5 is a plan view of an array according to this
invention.
[0019] FIG. 6 is an exemplified arc shape of an array of the

type as shown in FIG. 5.

[0020] FIG.7isa view similarto FIG. 5, showing a variant
embodiment of the circular array as shown in FIG. 5.

[0021] FIG. 8is a highly simplified view of a geometrical
arrangement of transducers in which a circular array formed
by different adjacent concentric annular bands of transducers
is approximated.

DETAILED DECRYPTION OF THE PREFERRED
EMBODIMENTS

[0022] With reference to FIG. 1, there is shown an array
having a rectangular arrangement of eleven columns and four
rows of transducers. Given a scan plane that is perpendicular
to the array and has a direction parallel to the columns and
coincident with the median axis of the sixth column, i.e., the
central column, the delays imparted to the transducers of each
column are substantially identical; hence all the transducers
of each column have the same or almost the same effect on
dynamic range as a single transducer whose size would be
equal to the sum of the four transducers of each column.
Hence, the effect on dynamic range is substantially the same
as would be obtained with a linear array of eleven transducers
having the same size as the sum of the four transducers of each
column (see FIG. 2). Therefore, only eleven transducers are
actually effective for dynamic range, i.e. major lobe to minor
lobe, ratio purposes, and not the forty-four transducers that
are present in the array. Hence, the invention is based on the
discovery that the number of transducers is redundant in a
phased array probe, and that it is important to find a spatial
arrangement of transducers that allows the minimization, in
an unfavorable scan plane condition, of the transducers that
have identical focusing delays on such plane, i.e., those trans-
ducers that are of no help in improving dynamic range.
[0023] An arrangement provided by this invention is shown
in FIG. 3 in its simplest form and with reference to the
previous example of FIG. 1. An advantageous arrangement
provides that each row of transducers of the four rows of the
array be staggered with respect to the two rows adjacent
thereto. It is apparent that, given a scan plane like the one of
FIG. 1, the arrangement of FIG. 3 has no transducers of
aligned columns that might be equaled to a single larger
transducer, for dynamic range purposes. In this arrangement
each line of transducers is staggered by half the transducer
width; hence the interfaces between the individual transduc-
ers of each row are in a central position with respect to the
interfaces between the transducers of the rows adjacent
thereto.

[0024] The arrangement of FIG. 3 provides dynamic range
advantages when considering the worst-case scan plane with
respect to the transducer arrangement of FIG. 1. If such a scan
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plane is changed with reference to the transducer arrange-
ment of FIG. 3, the worst-case scan plane then is substantially
the one oriented parallel to the centers of staggered transducer
with respect to the arrangement of FIG. 1. Therefore the
number of transducers needed in a worst-case case condition
sufficient to provide an acceptable dynamic range, i.e., there
are a sufficient number of redundant transducers having equal
delays, nevertheless results in a reduction in the number of
transducers required in the array. Obviously, in a better scan
plane, the number of transducers having different delays that
cannot be integrated or interpreted as a single transducer
increases and, as a result, dynamic range is improved as
compared with the worst-case case situation.

[0025] The arrangement of transducers may be further
improved by providing an annular, circular or elliptical pat-
tern of transducers in which each row of transducers is
arranged in an annular band concentric to the others with the
radial interfaces between transducers being disposed in stag-
gered positions with respect to the interfaces of the transduc-
ers on adjacent bands. Particularly, the radial interfaces
between the transducers of a row may be provided in an
intermediate position with respect to the circumferential
extension of the transducers of the adjacent annular bands, or
they may be radially aligned with the centers of the transduc-
ers of the adjacent annular bands.

[0026] In accordance with a preferred arrangement, the
same number of transducers is provided in each concentric
annular band. Here, advantages may be obtained by compen-
sating for the increase of the angular extension, proportional
to the increase of the radius of the annular band, by reducing
the radial width of the band in such a manner that all the
transducers have the same radiating size within predeter-
mined tolerances. From the geometrical point of view, this
involves an increase of the angular width of transducers and a
reduction of the radial extension of the transducers as annular
bands become larger. Obviously, the central portion of the
array is a full circular element, and the transducers are not
provided as annular segments, but as circular segments of
such central portion.

[0027] According to a preferred exemplary embodiment,
each annular band is divided into sixteen parts having the
same area. In this embodiment, 12 annular bands are pro-
vided, including the central circular element, whereas 16
transducers are provided for each annular band and for the
central circular element. Therefore, the resulting transducer
array has 192 transducers which are provided in such a geo-
metric arrangement and in such a size that, given the worst-
case plane, in terms of number of transducers having the same
radiating focusing delay, there are always at least 64 trans-
ducers in the array that have different focusing delays. This
number of transducers is sufficient to maintain both resolu-
tion and dynamic range, i.e. major to side or minor lobe ratio,
at a high level.

[0028] In order to further widen the aperture of the probe,
the invention further provides that the transducer array is not
disposed over a plane but over a surface shaped as a spherical
or elliptical sector. In the case of a transducer arrangement
over a circular surface divided into adjacent annular bands
and a central circular element, a spherical surface is suitably
provided whose center coincides with the center of the annu-
lar bands. In the case of a transducer arrangement over an
elliptical surface, divided into elliptical annular bands with a
central elliptical element, as described above regarding the
circular arrangement, the ellipsoid segment is disposed with
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the two foci coincident with the plane that contains the two
foci of the elliptical bands and the central elliptical element.
This permits a widening of the aperture of the transducer
array.

[0029] A variant of the previously described embodiment
provides a different transducer staggering pattern across the
annular bands, with respect to their radial position and to the
radial positions of transducers on adjacent bands. Here,
instead of providing a constant staggering pattern equal to
half the angular width of the transducers of a band with
respect to the transducers of the adjacent bands, given n
annular bands of transducers, including the central disk-
shaped area, the radial interfaces between transducers are
radially aligned with the centers of the transducers of the
inwardly adjacent band, or in an intermediate position
between the radial interfaces of the transducers of the
inwardly adjacent band only for annular bands designated
with even numbers, with the central disk-shaped area being
designated with number 1. For annular bands designated with
odd numbers, starting from band 3, the interfaces of the
odd-numbered annular bands are situated in an intermediate
position between the ideal extension of the interface between
two adjacent transducers of the central element and the radial
extension of the radial interface between the transducers of
the annular band that is radially inwardly adjacent to the odd
annular band, which radial extension of the interface between
two transducers of the annular radially inwardly adjacent
band is angularly closer to the ideal extension of the radial
interface between two transducers of the central element.
[0030] This transducer arrangement rule causes an increase
in the number of transducers having different focusing
delays, given a radial scan plane coincident with a radial
interface between two adjacent transducers of the central
area, thereby increasing the number of transducers having
different focusing delays to be greater than 64.

[0031] Obviously, the two examples described are not the
only possible examples and any transducer staggering
arrangement may be provided, recursive rules being pre-
ferred, as they obviously facilitate assembly operations.
[0032] The advantages of the present invention are self-
evident from the above description. The staggered arrange-
ment of transducers for each annular band and the selection of
annular circular, elliptical or oval bands allows the minimi-
zation or elimination of transducers having equal acoustic
beam focusing delays in the worst-case-case scan plane. By
this arrangement the number of effective dynamic range
improving transducers is always high for any scan plane.
Furthermore, this is obtained while considerably reducing the
overall number of transducers in the transducer array, thereby
minimizing the number of conductors in the cable that con-
nects the array to the control means of the ultrasonic imaging
apparatus. It shall be noted that the above concept not only
applies to ultrasonic beam transmission, but also to ultrasonic
beam reception. An optimal compromise is thus obtained
between the total number of transducers in the array and the
minimum number of transducers having different delays with
reference to the worst-case scan plane. This results in a com-
promise between the requirement for high resolution and
dynamic range and the requirement for a smaller size probe
having a smaller number of conductors connecting the trans-
ducers to the ultrasonic imaging apparatus.

[0033] By way of further detail, FIG. 1 schematically
shows an array of electroacoustic transducers T1,1 to T4,4.
Therefore, the array of electroacoustic transducers Ti,j has 44
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transducers arranged in 11 columns and 4 rows. P designates
a scan plane perpendicular to the surface of the transducer
array and to the rows, whereas the column 6 is cut into two
halves.

[0034] Considering the scan plane P and the geometric
arrangement of transducers Ti,j in the array of FIG. 1, the
ultrasonic beam obtained from the transducers may be only
focused on a line of the scan plane, that is, if the transducers
of each column have the same focusing delays. In that con-
dition, the contributions of the transducers of each column to
dynamic range, i.e. to major to side or minor lobe ratio, is
equal to the contribution of a single transducer for each col-
umn, i.e. a transducer whose radiating area corresponds to the
sum of the radiating areas of the transducers Ti,j of a column.
[0035] This equivalence is shown in FIG. 2. Therefore, in
these conditions, the number of transducers in the array is
drastically reduced and, since dynamic range depends both on
transducer spacing, i.e. the distance between the centers of the
radiating surfaces thereof, and on the number of the transduc-
ers in the array, dynamic range is obviously degraded for the
acoustic pulse focused on the plane P. An obvious and natural
manner to obviate this problem is to increase the number of
transducers so that, in the worst-case scan plane conditions,
the number of transducers excited with different focusing
delays provides sufficient dynamic range.

[0036] FIG. 1 clearly shows that, in order to obtain, for
instance, 64 transducers with different delays, an array with
64 columns of transducers is to be provided, and no advantage
is provided by increasing the number of transducers within
each column, i.e., by increasing the number of rows. Never-
theless, by increasing the number of transducers the array size
is also increased, as well as the number of connecting wires
between each transducer and the controller electronics, i.e.,
the beamformer. This increase in size, and especially in the
number of the connecting wires, is dramatically in contrast
with the need to maintain small sizes of ultrasonic endocavi-
tary probes.

[0037] The present invention is meant to act on transducer
arrangement geometries and to minimize or eliminate trans-
ducers having equal focusing delays for a worst-case scan
plane. Both the orientation of the worst-case scan plane and
the possibility of minimizing or eliminating transducers hav-
ing identical focusing delays depends on the basic selection
of the transducer arrangement geometry in the array. A rect-
angular array is certainly not the most advantageous arrange-
ment pattern, but it was selected to illustrate more accurately
and simply the concept on which this invention is based. FIG.
3 shows a transducer array as modified according to the
inventive teaching. Here, the simplest arrangement is shown,
in which the rows of transducers are staggered by half the
extension of the transducers in the longitudinal direction of
rows. Both even rows are staggered in the same direction with
respect to odd rows. The scan plane P is the same as in FIGS.
1 and 2. This simple geometrical pattern clearly shows that
transducers excited with different focusing delays on the
plane P number twice as many as those of FIG. 1.

[0038] FIG. 4 shows a different scan plane P which is
oriented perpendicular to the array surface, but parallel to the
lines that join the centers of the transducers of two adjacent
odd and even rows. Once more, with reference to this plane,
transducers having different focusing delays number twice as
many as in the condition of FIG. 2. The transducer arrange-
ment geometry of FIG. 3 is equivalent, with reference to the
plane P of FIG. 4, to two staggered rows of transducers, each
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of which is composed of transducers whose size equals the
size of the transducers of rows 1 and 2 and 3 and 4, respec-
tively, of the same column as is shown in FIG. 3.

[0039] This rectangular arrangement geometry is not opti-
mal, as it does not match the geometry of the anatomic parts
which are typically examined using endocavitary probes hav-
ing a tubular shape with around section, and it does not allow
further minimizing of the number of transducers having the
same focusing delays for the worst-case scan plane.

[0040] FIG. 5 shows a transducer arrangement pattern
according to a preferred embodiment of this invention which
is based on circular symmetry. Here, transducers are arranged
on annular bands, except in the central area, which is formed
by a disk-shaped element. The central disk and each periph-
eral concentric annular band are divided into equal numbers
of transducers having the same area and angular extension.
However, the radial interfaces of transducers between the
central disk and the first annular band and between adjacent
annular bands are staggered with respect to each other by half
the angular extension of the transducers of adjacent bands,
with the central disk being also counted as a band.

[0041] In such a simple arrangement, if the annular bands
had the same radial width, the transducers of outward annular
bands would have increasing scan areas as compared with
those of inward annular bands. This would require different
radiating/receiving power for transducers across the different
bands, and would require compensation of transducer excita-
tion for radiating the acoustic wave and processing the
received signal.

[0042] Inorderto avoid such additional work, which would
increase the complexity of transducer control and controller
electronics, and would cause probes of this type to be only
used in existing apparatus in a difficult or indirect manner, or
a change being required for the control of transducers having
different radiating/receiving areas, all the transducers in the
transducer array according to the embodiment of FIG. 5 have
the same radiating size. This is obtained, according to this
invention, by progressively reducing the radial width of the
individual concentric bands as the radius thereof increases. A
preferred embodiment of the invention is designed to include
a total of 192 transducers, which have the same area and are
disposed on concentric annular bands. The 192 elements are
arranged on 11 concentric annular bands and a central circu-
lar element all having the same size, each of the annular bands
and the central disk being divided into 16 equal-size portions,
each of which corresponds to a transducer element, whereas
the center of each element is situated at the radial edge of the
elements of the outwardly adjacent band and of the inwardly
adjacent band with the inwardly adjacent band for the first
annular band being the central disk. Given an array having an
outer diameter=12 mm, the total area of the array is:

S_ndz
T4

Therefore, the area of each of the 12 circular elements, i.e. the
11 bands and the central disk-shaped element, is:

S =

ol e

Oct. 29, 2009

and the area of each of the 192 transducers is:

S1

=T

Then, the radii of the annular bands and the central disk are
determined by:

a1 [4s
=373

for the central disk and by

L4 1[5 4078542,
L) 0.7854

for annular bands.

[0043] This geometry minimizes the number of transducers
having identical focusing delays in the worst-case scan plane
condition, to such an extent that, even in the worst-case con-
dition, at least 64 transducers having different focusing
delays on the worst-case scan plane are provided. The trans-
ducer arrangement geometry also has a simple construction,
as transducers may be intuitively arranged relative to position
and size in a unique error-free order during fabrication. Also,
while the total number of transducers is reasonably small, a
relatively large number of transducers having different focus-
ing delays is provided in the worst-case scan conditions, so
that the number of transducers is sufficient to provide an
optimized dynamic range.

[0044] Regarding construction, the number of differently
sized and shaped transducers is reasonably small, as trans-
ducers follow a well-defined size and shape rule. Only 12
circular bands including the central disk are provided, which
all have identical transducers within the same band. Trans-
ducers may be also easily increased in number by the addition
of outer annular bands, so that a basic array having a mini-
mum acceptable size may be maintained for every probe.
Larger transducer arrays may be obtained starting from a
minimum array, with transducers being simply added to one
or more of the outer radial bands. This is particular advanta-
geous in terms of fabrication costs.

[0045] Referring to FIG. 6, the aperture angle of the array
may be widened, particularly in endocavitary probes, by dis-
posing the array of FIG. 5 over a spherical or cap-shaped
surface in lieu of a plane surface. FIG. 6 illustratively shows
such a spherical surface divided into concentric annular
spherical bands, which are in turn divided into a certain num-
ber of transducers. The number of bands and transducers
shown is only intended to illustrate the inventive principle.
[0046] A variant ofthe previously described embodiment is
shown in FIG. 7 and envisages a different transducer stagger-
ing pattern across the annular bands Ai, relative to the radial
position of transducers with respect to the radial positions of
the transducers of the adjacent bands Ai-1 and Ai+1, where
i=0, 1,...,n. Here, instead of providing a constant staggering
pattern equal to half the angular width of the transducers of a
band Ai with respect to the transducers of the adjacent bands
Ai-1and Ai+1, given n annular bands of transducers, includ-
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ing the central disk-shaped area, designated as A1, the radial
interfaces between transducers are radially aligned with the
centers of the transducers of the inwardly adjacent band A, or
in an intermediate position between the radial interfaces of
the transducers of the inwardly adjacent band Ai only for
annular bands Ai designated with even “I” numbers, with the
central disk-shaped area being designated with number 1. For
annular bands designated with odd numbers, starting from
band 3, the interfaces of the odd-numbered annular bands are
situated in an intermediate position between the ideal exten-
sion of the interface between two adjacent transducers of the
central element Al and the radial extension of the radial
interface between the transducers of the annular band Ai-1
that is radially inwardly adjacent to the odd-numbered annu-
lar band, which radial extension of the interface between two
transducers of the annular radially inwardly adjacent band is
angularly closer to the ideal extension of the radial interface
between two transducers of the central element. This trans-
ducer arrangement rule causes an increase in the number of
transducers having different focusing delays, given a radial
scan plane coincident with a radial interface between two
adjacent transducers of the central area, which provides a
number of transducers having different focusing delays
greater than 64.

[0047] FIG. 8 depicts a transducer array as modified
according to a further embodiment of the present disclosure.
Though the above described embodiments share some simi-
larities with the embodiment illustrated in FIG. 8, FIG. 8
illustrates a geometrical arrangement of transducers which
approximates a circular array formed by different adjacent
concentric annular bands of transducers. The simplest
arrangement is depicted, which provides that the transducers
T, ;eachhave a square radiating surface. In one embodiment,
the radiating surface of each transducer corresponds to the
entire transducer surface area. In another embodiment, the
transducers each have a rectangular radiating surface.

[0048] As it can be appreciated form FIG. 8, the transducer
array is formed by adjacent transducers distributed along
perpendicular row and columns, C and R. The array is thus a
square array and the number of transducers in each row and
column is such that the peripheral shape of the array approxi-
mates a circular line.

[0049] According to a general definition, the transducer
array has a circular symmetry being formed by four quadrants
which are symmetric one to the other along two perpendicular
diametral axis of symmetry. In the particular embodiment of
FIG. 8, each quadrant is delimited by a first column C1 and a
first row R1 of transducers having an identical number of
transducers and a common transducer CT at the center of the
array and extending respectively along one of two perpen-
dicular diametral axis. The quadrant further comprises a sec-
ond column C2 and a second row R2 respectively adjacent to
the first column C1. The second row R2 has a number of
transducers identical to the first column C1 and first row R1.
The quadrant comprises a third and fourth column C3, C4 and
a third and fourth row R3, R4 adjacent to each other and
respectively to the second column C2 and to the second row
R2. The third and fourth columns C3, C4 and rows R3, R4
have one transducer less than the first and second columns C1,
C2 and rows R1, R2. Similarly, each one of the columns and
rows of transducers following the said fourth column C4 and
row R4, respectively indicated by C5, C6, C7,and RS, R6,R7
each has one a transducer less than the previous adjacent
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column or row of transducers. The last column or row C8,R8
has two transducers less than the previous one.

[0050] In the particular embodiment of FIG. 8, the array
comprises 188 transducers with the first and second columns
C1, C2 and rows R1, R2 of each quadrant each having eight
transducers. The third and forth columns C3, C4 and rows R3,
R4 each have seven transducers. The next three rows R5, R6,
R7 and columns C5, C6, C7 have six, five and four transduc-
ers, respectively. The last column C8 and row R8 each have
only two transducers.

[0051] The transducer array of FIG. 8 may alternatively be
described by noting that the array is formed by two halves 10,
11, which are symmetric along a central line of symmetry S.
A first upper half 10 comprises two adjacent rows, each
having 16 transducers. Above those two adjacent rows are two
further rows, each having 14 transducers and are centered
relatively to the first two rows having 16 transducers. The
rows having 14 transducers are followed by three more rows
of transducers, each having 12, 10 and 8 transducers, respec-
tively. The last row of transducers has 4 transducers. The rows
having 12, 10, 6 and 4 transducers are centered relatively to
the rows having 14 and 16 transducers. The lower half 11 of
the array is the symmetric projection along the central axis
parallel to the rows of the upper half.

[0052] Thedisclosed square arrangement geometry is opti-
mal because it complies with the geometry of the anatomic
parts examined with endocavitary probes, which have a tubu-
lar shape with a round section. The disclosed geometry also
allows the number of transducers having the same focusing
delays for the worst scan plane to be minimized.

[0053] Because each transducer has the same radiating sur-
face as the other transducers of the array, the disclosed
embodiment avoids additional design work which would be
necessary if the transducers had different radiating surfaces.
In this case, there would be an increase in the complexity of
transducer control, and controller electronics. Further, probes
of this type could be only used in existing apparatus in a
difficult or anyway indirect manner, a change being required
for the control of transducers having different radiating/re-
ceiving areas. The preferred embodiment of the invention is
designed to include a total of 188 transducers, which have the
same area and are disposed on concentric annular bands.

[0054] Asindicated by the circular lines, the array of square
transducers depicted in FIG. 8 approximates 8 concentric
annular bands.

[0055] Thedisclosed geometry allows the number of trans-
ducers having identical focusing delays to be minimized in
the worst scan plane condition, to such an extent that, even in
the worst condition, at least 64 transducers having different
focusing delays on the worst scan plane are provided.

[0056] The disclosed transducer arrangement geometry
also has a simple construction, as transducers may be intu-
itively arranged relative to position and size, in a unique
error-free order, during fabrication. Also, the total number of
transducers is reasonably small, while a relatively large num-
ber of transducers having different focusing delays is pro-
vided even in the worst scan conditions, i.e. a number of
transducers that provides an optimized dynamic range.

[0057] In other embodiment, transducers may be also eas-
ily increased in number by the addition of outer annular
bands, so that a basic array, having a minimum acceptable
size, may be maintained for every probe. Therefore, larger
transducer arrays may be obtained by starting from a mini-
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mum array and simply adding transducers thereto on one or
more outer radial bands. This is particular advantageous in
terms of fabrication costs.

[0058] Referring again to FIG. 6, the aperture angle of the
array may be widened, particularly in endocavitary probes, by
disposing the array of FIG. 8 over a spherical or cap-shaped
surface, in lieu of a plane surface. FIG. 6 shows such a
spherical surface.

[0059] The above examples described are not the only pos-
sible examples and any transducer staggering arrangement
may be provided, recursive rules being preferred, as they
obviously facilitate assembly operations.

[0060] While the simplest embodiment relates to a rectan-
gular array and a preferred embodiment relates to a circular
array, the invention shall not be intended to be restricted to
these two shapes, but also applies to other geometrical shapes,
e.g., to polygonal arrays having more than four sides, oval
elliptical arrays, or arrays resulting from the combination of
the above mentioned shapes, those shapes being determined,
for example, by the field of use of the transducer array or the
probe which includes it.

What is claimed is:

1. An electronic array probe for ultrasonic imaging, com-
prising an array of transmitting and receiving electroacoustic
transducers, each transducer within the array has a substan-
tially squared profile, the transducers are arranged in adjacent
positions and one near to the other in columns or row of
transducers so as to form a polygon of transducers substan-
tially approximating a circular shape, wherein the transducers
are arranged within the array with such a geometry that, given
the worst scan plane, the number of transducers having the
same focusing delay on a scan line is minimal.

2. The probe of claim 1, wherein each transducer within the
array has a square radiating surface, the array of transducers
being formed by adjacent square transducers along two dif-
ferent directions one perpendicular to the other and forming
rows and columns of transducers, the number of transducers
being the maximum in at least a row along a first central axis
parallel to the rows and the number of transducers being a
maximum in at least one column along a second central axis
parallel to the columns and perpendicular to the said first
central axis, the rows and columns intermediate to the said at
least one row having a maximum number of transducers and
atleast one column having a maximum number of transducers
have a reduced number of transducers in such a way of
approximating a circular path.

3. The probe of claim 1, wherein the number of transducers
of each row or column of the array of transducers is defined in
such a way that the array has a polygonal shape approximat-
ing a circular shape.

4. The probe of claim 1, wherein the transducers are placed
adjacent to one another other in rows and columns, the array
of transducers approximating a circular shape and forming
four quadrants which are symmetric one to the other, each
quadrant comprising:

a first column and a first row of transducers having a iden-
tical number of transducers and a common transducer at
the center of the array, the first column and the first row
extend respectively along one of two perpendicular
diametral axis,
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a second column and a second row respectively adjacent to
the said first column and the said first row having a
number of transducer identical to the one of the said first
column and first row, and

a third and fourth column and a third and fourth row adja-
cent to each other and respectively to the second column
and to the second row, the third and fourth columns and
rows have one transducer less than the said first column
and second columns, while each remaining columns and
rows of transducer following the said fourth column and
row, except for the last column or row, each has one
transducer less than the previous adjacent column or row
and the last column or row has two transducers less than
the previous column or row.

5. The probe of claim 1 wherein the array of transducers

comprises 188 transducers.

6. The probe of claim 1, wherein the array defines a first
upper half and a second lower half each of which are sym-
metric along a central line of symmetry, a first upper half
comprises:

two first adjacent rows each having 16 transducers, two
second adjacent rows of 14 transducers positioned above
the first adjacent rows, the two second adjacent rows are
centered relatively to the first adjacent rows,

three further rows of transducers having 12, 10 and 8 trans-
ducers, respectively, positioned above the second adja-
cent row, and

alast row of transducers having 4 transducers, wherein the
rows of 12, 10, 8 transducers and last row are centered
relatively to the first adjacent rows and second adjacent
rows.

7. The probe of claim 6, wherein the array of transducers

approximate 8 annular rings of transducers.

8. The probe of claim 6, wherein all the transducers of the
transducer array have the same radiating and area

9. The probe of claim 8, wherein transducer array is dis-
posed over a plane.

10. The probe of claim 8, wherein the transducer array is
disposed over a curved surface and having the shape of a
spherical sector.

11. An electronic array probe for ultrasonic imaging, com-
prising an array of transmitting and receiving electroacoustic
transducers, each transducer within the array has a substan-
tially rectangular profile, the transducers are arranged in adja-
cent positions and one near to the other in columns or row of
transducers so as to form a polygon of transducers substan-
tially approximating a elliptical shape, wherein the transduc-
ers are arranged within the array with such a geometry that,
given the worst scan plane, the number of transducers having
the same focusing delay on a scan line is minimal.

12. The probe of claim 11, wherein each transducer within
the array has a rectangular radiating surface, the array of
transducers being formed by adjacent rectangular transducers
along two different directions one perpendicular to the other
and forming rows and columuns of transducers, the number of
transducers being the maximum in at least a row along a first
central axis parallel to the rows and the number of transducers
being a maximum in at least one column along a second
central axis parallel to the columns and perpendicular to the
said first central axis, the rows and columns intermediate to
the said at least one row having a maximum number of trans-
ducers and at least one column having a maximum number of
transducers have a reduced number of transducers in such a
way of approximating a elliptical path.
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13. The probe of claim 12, wherein the array of transducers 15. The probe of claim 12, wherein transducer array is
approximate 8 annular rings of transducers. disposed over a plane.

14. The probe of claim 12, wherein all the transducers of
the transducer array have the same radiating and area BoOR Ok kK
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