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(57) ABSTRACT

In an ultrasound diagnosis apparatus, a plurality of sub arrays
are defined on a 2D array transducer. A plurality of groups are
defined for each sub array. Each group is basically composed
of a plurality of transducer elements which are connected in
parallel with each other. A sub array shape is variably defined
for a plurality of sub arrays in accordance with the beam
direction and the depth of a focal point. Further, a grouping
pattern is variably defined for each sub array. The acoustic
distances between the respective transducer elements and the
focal point is made as equal as possible for a plurality of
transducer elements forming each group, whereby a prefer-
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ULTRASOUND DIAGNOSIS APPARATUS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an ultrasound diag-
nosis apparatus for use in the field of medical treatment, and
more particularly to setting of a plurality of sub arrays on an
array transducer.

[0003] 2. Description of Related Art

[0004] Ultrasound diagnosis apparatuses are used in the
field of medical treatment for the purpose of diagnosing dis-
eases of aliving body (a patient). More specifically, ultrasonic
diagnosis apparatuses transmit an ultrasonic pulse to a living
body and receive a reflected wave therefrom for forming an
ultrasonic image based on a receiving signal obtained by the
reflected wave received.

[0005] A two-dimensional (2D) array transducer (or trans-
ducer array) is used for effecting two-dimensional scanning
of ultrasonic beams to thereby form a three-dimensional echo
data acquisition space within a living body. A 2D transducer
is generally composed of a plurality of transducer elements
arranged along X and Y directions.

[0006] In some 2D array transducers, a plurality of sub
arrays are defined on the 2D array transducer for the purpose
of channel reduction of a transmission/reception section,
simultaneous formation of a plurality of reception beams, or
like purposes. Conventionally, a plurality of sub arrays are
fixedly defined on the 2D array transducer. For example, a
plurality of sub arrays having a rectangular shape are set with
respect to a 2D array transducer, and in this case, the shape of
each sub array cannot be changed. Japanese Patent Laid-
Open Publication No. 2001-276064 discloses grouping of a
plurality of transducer elements in which the structure of each
group is fixed. Japanese Patent Laid-Open Publication No.
2001-104303 discloses a structure for performing phase
adjusting and summing (or beam formation) in two stages.
Japanese Patent Laid-Open Publication No. Hei 9-322896
discloses, in FIG. 6, that a plurality of groups are fixedly set
for a 2D array transducer, that a plurality of first beam formers
are connected to the plurality of groups, and that a plurality of
second beam formers are provided at a stage subsequent to the
plurality of first beam formers. U.S. Pat. No. 5,832,923 dis-
closes that a plurality of 2D sub arrays are defined on a 2D
array transducer and that a plurality of groups are defined on
each sub array. None of these documents, however, describes
dynamically changing the shape of each sub array and the
grouping patterns.

[0007] When the shape of the sub array or the grouping
pattern is defined uniformly or fixedly, there arises a problem
of the inability to obtain a beam profile preferable for specific
transmission and reception wave conditions. For example,
side lobes may tend to be generated in a specific beam scan-
ning direction. Furopean Patent Laid-Open Publications
EP-1491913-A2 (corresponding to Japanese Patent Laid-
Open Publication No. 2005-34634) and EP-1491914-A2
(corresponding to Japanese Patent Laid-Open Publication
No. 2005-34633) disclose that a plurality of sub arrays are set
on the array transducer and that a plurality of groups are set
for each sub array. In this technique, each group is basically
composed of a plurality of transducer elements, and a com-
mon transmission signal is supplied to the plurality of trans-
ducer elements. A plurality of reception signals supplied from
the plurality of transducer elements forming each group are
summed together, and a resultant reception signal obtained by
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summing is subjected to a delay process. European Patent
Laid-Open Publication EP-1491913-A2 listed above further
describes changing of the shape of each sub array in accor-
dance with the beam scanning direction. None of these docu-
ments, however, describes dynamically changing the group-
ing pattern in accordance with the depth of a focus point.
[0008] Inorder to achieve an excellent focus, desirably, the
structure of each group (i.e. the grouping pattern within each
sub array) is set such that, for a plurality of transducer ele-
ments forming each group, which are connected in parallel
with each other (i.e., have the same delay time), acoustic
distances between a focal point and the respective transducer
elements are made as equal as possible. The acoustic distance
from the focal point to each transducer element changes with
the beam address and the depth of the focal point (e.g., a
transmission focal point). It is therefore desired to dynami-
cally change the shape of the sub array and the grouping
pattern in accordance with such a change in the beam scan-
ning conditions.

SUMMARY OF THE INVENTION

[0009] The present invention advantageously provides an
ultrasound diagnosis apparatus capable of providing an
excellent beam profile.

[0010] The present invention advantageously maintains or
improve image quality of an ultrasonic image when channel
reduction of a transmission/reception section is performed.
[0011] (1) An ultrasound diagnosis apparatus according to
one aspect of the present invention comprises an array trans-
ducer composed of a plurality of transducer elements for
forming an ultrasonic beam which is to be scanned two-
dimensionally; a switching section which is connected to the
array transducer, the switching section defining a plurality of
sub arrays with respect to the array transducer and defining a
plurality of groups each composed of one or a plurality of
transducer elements with respect to each sub array; a trans-
mitter section which is connected to the array transducer via
the switching section, for generating a group transmission
signal for each group; and a receiver section which is con-
nected to the array transducer via the switching section, for
processing a reception signal of each group which is output
from the switching section, wherein the switching section
defines a grouping pattern individually for each sub array in
accordance with at least a depth of a focal point.

[0012] With the above structure, the switching sectionhas a
function of defining a plurality of sub arrays on the array
transducer and a function of defining a grouping pattern (i.e.,
an arrangement of a plurality of groups) for each sub array.
The switching section can define the grouping pattern indi-
vidually for each sub array and also can change the grouping
pattern dynamically. Consequently, with regard to a plurality
of transducer elements forming each group, the acoustic dis-
tances between the focal point and respective transducer ele-
ments within each group can be adjusted so as to equalize the
distances as much as possible within a three-dimensional
space, thereby realizing excellent focus. Specifically, by
defining the grouping pattern in consideration of the depth of
the focal point (i.e. the spatial focal position), an excellent
beam profile can be obtained. Here, the focal point basically
refers to a transmission focal point, and the above-described
ultrasonic beam is a transmission beam. With regard to the
reception beam, applying dynamic focus technology is desir-
able. Although in principle each group is composed of a
plurality of transducer elements, a single transducer element
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may form a group. Preferably, the number of transducer ele-
ments forming each group and the form of a group can be
varied in accordance with the depth of the focal point. As will
be described below, although changing the sub array shape in
accordance with the beam scanning conditions (particularly
the beam scanning direction), the sub array shape may be
fixed.

[0013] Preferably, the switching section dynamically
changes the grouping pattern defined for each sub array, in the
course of scanning the ultrasonic beam. As such, it is possible
to simultaneously define a plurality of types of grouping
patterns, rather than a uniform grouping pattern, with respect
to the plurality of sub arrays as a whole.

[0014] Preferably, the switching section further defines the
grouping pattern individually for each sub array in accor-
dance with the position of each sub array in consideration of
a beam address. The beam address specifies the beam direc-
tion. In general, the beam direction is defined by the position
of a beam passing through a horizontal plane which is
orthogonal to the vertical center axis of the array transducer,
or is defined by the beam deflecting angle with respect to the
vertical center axis of the array transducer and the beam
rotation angle. Alternatively, the sub array address may be
referred to so as to specify the position of each sub array. At
the time of control by the switching section, information
which indirectly represents the beam address or the like,
rather than information representing the beam address or the
like, may be referred to. Further, at the time of such control, it
is desirable to use a table for generating a grouping pattern set
including the grouping patterns for the respective sub arrays
when the beam address and the depth of the focal point are
input. The sub array address may be provided to the table as
further input data.

[0015] Preferably, the switching section has a function of
distributing and outputting the group transmission signal to a
plurality of transducer elements forming the corresponding
group and a function of summing a plurality of reception
signals from a plurality of transducer elements forming each
group and generating a group receipt signal for each group.
[0016] A plurality of sub arrays are preferably closely
coupled with each other closely on the array transducer in
consideration of their acoustic power or sensitivity. In other
words, desirably, all the effective transducer elements form-
ing the array transducer belong to one of the sub arrays.
However, an interval may be formed between the sub arrays.
In other words, there may be ineffective transducer elements
which do not belong to any sub array and do not function in
transmission and receipt. Further, such an ineffective trans-
ducer element which does not function in transmission and
receipt may be provided within the sub array.

[0017] For example, when n groups are set with respect to
m transducer elements forming a certain sub array (1<n<m),
a channel reduction ratio of n/m is achieved. By performing
such a channel reduction process within the probe head, the
number of signal lines inserted through the probe cable can be
advantageously reduced. With such grouping, a plurality of
reception signals are summed and combined into a single
reception signal (a group reception signal). Further, a single
transmission signal (a group transmission signal) can be sup-
plied in parallel to a plurality of transducer elements forming
one group.

[0018] Although in principle each group is composed of a
plurality of transducer elements, a single transducer element
may form a group. Preferably, the number of transducer ele-
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ments forming each group in one sub array is not uniform and
is dynamically variable. Preferably, on the array transducer, a
pattern variable region is defined for each sub array, whereby
a plurality of pattern variable regions are defined on the array
transducer, the pattern variable region for each sub array
corresponding to a region formed by combining a plurality of
sub array shape patterns concerning the respective sub array,
and the plurality of pattern variable regions partially overlap-
ping each other. Preferably, each pattern variable region cov-
ers a plurality of transducer elements peculiar to the respec-
tive sub array and a plurality of transducer elements existing
on a portion where the plurality of pattern variable regions
partially overlap.

[0019] (2) An ultrasound diagnosis apparatus according to
another aspect of the present invention comprises an array
transducer composed of a plurality of transducer elements for
forming an ultrasonic beam which is to be scanned two-
dimensionally; a switching section which is connected to the
array transducer, the switching section defining a plurality of
sub arrays with respect to the array transducer in accordance
withabeam address and a depth of a focal point and defining,
with respect to each sub array, a plurality of groups each being
composed of one or a plurality of transducer elements in
accordance with a position of each sub array; a transmitter
section which is connected to the array transducer via the
switching section, for generating a group transmission signal
for each group; and a receiver section which is connected to
the array transducer via the switching section, for processing
a reception signal of each group which is output from the
switching section.

[0020] With the above structure, by setting the sub array
shapes for a plurality of sub arrays and the grouping pattern
with respect to each sub array, an excellent ultrasonic beam
can be formed, to thereby increase the quality of an ultrasonic
image. In particular, since the sub array shape can be changed
appropriately, side lobes can be reduced.

[0021] Preferably, at the period of scanning the ultrasonic
beam, the switching section dynamically changes the sub
array shape defined for each sub array and also dynamically
changes the grouping pattern defined for each sub array. Pref-
erably, the switching section changes the sub array shape
defined for each sub array in accordance with the beam scan-
ning direction on a horizontal plane which is orthogonal to the
vertical center axis of the array transducer.

[0022] Preferably, after a sub phase adjusting and summing
process is performed for each group, a main phase adjusting
and summing process is applied to a plurality of sub phase
adjusted and summed signals. Here, a plurality of main phase
adjusting and summing circuits may be disposed in parallel
for simultaneously forming a plurality of receiving beams by
means of a single receiving process. Further, in the probe
cable, a transmission signal may be transmitted in the form of
a voltage signal and a reception signal may be transmitted in
the form of a current signal. The transmission signal may be
a signal of approximately 100V, or may be a low voltage
signal of several to tens of V. In the latter case, each transducer
element is desirably formed in, for example, a laminate struc-
ture, to thereby lower electrical impedance of each transducer
element.

[0023] Preferably, at least the array transducer and the
switching section are provided within the probe head. Fur-
ther, a plurality of sub phase adjusting and summing circuits
may be provided within the probe head (in this case, the
number of signal lines can be further reduced), or a plurality
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of sub phase adjusting and summing circuits may be provided
within the probe connector or the apparatus body. The trans-
mitter section can be provided in the probe head, the cable
connector, or the apparatus body. Further, an intermediate
device may be provided between the probe head and the probe
connector, with the plurality of sub phase adjusting and sum-
ming circuits and the transmitter section being provided
within the intermediate device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] These and other objects of the invention will be
explained in the description below, in connection with the
accompanying drawings, in which:

[0025] FIG.1isablock diagram showing the overall struc-
ture of an ultrasound diagnosis apparatus according to an
embodiment of the present invention;

[0026] FIG. 2 is a block diagram showing a transceiver
section in an ultrasound diagnosis apparatus according to the
present invention;

[0027] FIG. 3 is a block diagram showing a specific
example structure of the transmission/reception module
shown in FIG. 1;

[0028] FIG. 4 is a view showing an example sub array
shape;
[0029] FIG.5isa view showing another example sub array
shape;
[0030] FIG. 6 is a view for explaining a plurality of sub

array shapes by means of comparison;

[0031] FIG.7is a view illustrating a variable range existing
for each sub array;

[0032] FIG.8isa view for explaining overlapping among a
plurality of variable regions;

[0033] FIG. 9 is a view for explaining a comparative
example;
[0034] FIG. 10 is a view showing various sub array shapes

according to another embodiment of the present invention;
[0035] FIG. 11 is a view for explaining an embodiment in
which the number of transducer elements varies from group
to group;

[0036] FIG. 12 is a view for explaining another embodi-
ment of the present invention, in which the number of trans-
ducer elements varies from group to group;

[0037] FIG. 13 is a view for explaining an example group-
ing pattern defined when the beam scanning angle is small at
close focus;

[0038] FIG. 14 is a view for explaining an example group-
ing pattern defined when the beam scanning angle is small at
far focus; and

[0039] FIG. 15 is a view for explaining an example group-
ing pattern defined when the beam scanning angle is large at
far focus.

DESCRIPTION OF PREFERRED
EMBODIMENTS

[0040] Preferred embodiments of the present invention will
be described with reference to the drawings.

[0041] Referring first to FIG. 1, a basic structure of an
ultrasound diagnosis apparatus according to a first embodi-
ment of the present invention will be described. The ultra-
sound diagnosis apparatus is composed of a probe (probe
unit) 240 and an apparatus body 242. The probe 240 includes
a probe head 244, a probe cable 246, and a cable connector
247. An intermediate device including a built-in electronic
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circuit 249 to be described below may be provided between
the probe head 244 and the cable connector 247; i.e., in the
middle of the probe cable 246. The apparatus body 242
includes a transmission/reception control section 248, a
receiver section 250, a signal processing module 252, an
image forming section 254, and a display 256. The cable
connector 247 is detachably connected to a connector (not
shown) of the apparatus body 242. In the present embodi-
ment, the cable connector 247 includes the built-in electronic
circuit 249, which performs a sub phase adjusting and sum-
ming process and a transmission signal generation process, as
will be further described below with reference to FIGS. 2 and
3. The probe head 244 transmits and receives ultrasound. A
receipt signal, which is obtained by transmission and receipt
of ultrasound, is then input to the image forming section 254
via the electronic circuit 249, the receiver section 250, and the
signal processing module 252. The image forming section
254 forms an ultrasonic image based on the signal received.
The ultrasonic image is displayed on the screen of the display
256. Two-dimensional tomography images, two-dimensional
bloodstream images, and three-dimensional images are
known as ultrasonic images. In the present embodiment, vol-
ume data obtained from a three-dimensional space within a
living body are subjected to a volume rendering process to
form a three-dimensional image. Many other methods for
forming a three-dimensional image are also known, and may
be applied when preferable.

[0042] FIG. 2 is a block diagram showing a structure of a
transmitter/receiver (transceiver) section in an ultrasound
diagnosis apparatus according to the embodiment. The ultra-
sound diagnosis apparatus as shown is composed of a probe
unit and an apparatus body 12. The probe unit is composed of
a probe head 10, a probe cable 14A, and a cable connector
14B.

[0043] In this embodiment, the cable connector 14B
includes a plurality of transmission/reception modules 24
(corresponding to the electronic circuit 249 described above),
which will be described below. However, the plurality of
transmission/reception modules 24 may be provided within
the probe head 10, the apparatus body 12, or the intermediate
device described above.

[0044] The probe head 10, which is used in contact with a
body surface, is, for example, a wave transmitter/receiver for
effecting transmission and reception of ultrasound. The probe
head 10 includes a 2D array transducer 16 which forms an
ultrasonic beam. The ultrasonic beam is two-dimensionally
scanned electronically, thereby forming a three-dimensional
echo data acquisition space (a three-dimensional space). An
example of the electronic scanning method of the ultrasonic
beam is electronic sector scanning. Alternatively, there may
be employed an electronic linear scanning method, an elec-
tronic convex scanning method, or the like.

[0045] In the present embodiment, the array transducer 16
is composed of a great number of (3000 or 4000, for example)
transducer elements 16a which are arranged two-dimension-
ally, as will be described below with reference to FIG. 4.
[0046] A switching circuit 20 is formed in the form of a
multiplexer or a switching matrix. In the present embodiment,
the switching circuit 20 has a function of defining a plurality
of sub arrays on the 2D array transducer 16 and a function of
setting a plurality of groups for each sub array. The switching
circuit 20 also has a function of changing a shape of each sub
array (a sub array shape pattern) and a function of changing a
shape of each group (a group shape pattern).
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[0047] Particularly, in the present embodiment, as will be
described in detail below with reference to FIGS. 13 to 15, the
shape of each sub array is selected in accordance with the
beam forming condition, and simultaneously the grouping
pattern is defined individually for each sub array, so as to
reduce side lobes and achieve an excellent beam profile.
Specifically, with regard to a plurality of transducer elements
forming one group, which are connected in parallel with each
other (i.e. which have the same delay time), the acoustic
distances between the respective transducer elements and the
focal point are made as equal as possible, so that a phase shift
among the plurality of transducer elements can be minimized.
Also, in order to achieve this more appropriately, the sub array
shape is varied. Although in the present embodiment, a uni-
form sub array shape is defined for a plurality of sub arrays, a
plurality of sub arrays may differ in sub array shape. Here, the
switching circuit 20 may be formed from a single circuit as
shown in FIG. 2, or from a plurality of circuits.

[0048] In FIG. 2, a plurality of sub arrays S which are
defined by the switching circuit 20 are conceptually shown. A
plurality of sub arrays S are closely coupled with each other
on the 2D array transducer 16, and in principle all the trans-
ducer elements 16a are used to form the plurality of sub arrays
S. In the present embodiment, the shape of each sub array can
be changed as described above, and the shape variable region
for each sub array is conceptually shown and indicated by R
in FIG. 2. Changing of the sub array shape will be described
in detail below. A plurality of groups are set for each sub array,
and the grouping pattern can be also changed freely. In the
present embodiment, the number of transducer elements
forming each group can be dynamically varied in accordance
with the transmission/reception conditions, as will be
detailed below.

[0049] Inoneexample, regardless of which sub array shape
is selected, each sub array is composed of 5x5=25 transducer
elements, which are grouped or divided into 5 groups each
including 5 transducer elements. As such, a channel reduction
ratio of ¥5 is achieved within the probe head 10.

[0050] Theterminals in the switching circuit 20 are equal in
number to the transducer elements forming the 2D array
transducer 16 on the side of 2D array transducer 16, and the
series of terminals are equal in number to the sub arrays on the
side of apparatus body 12. In the example shown in FIG. 2,
each series of terminals provided on the side of the apparatus
body 12 is composed of 5 terminals (that is, the terminals are
equal in number to the groups set on a single sub array ). More
specifically, the switching circuit 20 selectively connects an
array of element signal lines with an array of group signal
lines. The array of group signal lines is composed of a plu-
rality of sets of group signal lines 22, and in the example
shown in FIG. 2, each set of group signal lines is composed of
5 group signal lines. The switching circuit 20 includes a
plurality of switches (not shown) respectively provided at
intersections between the array of element signal lines and the
array of group signal lines. With the ON/OFF operation of
each of these switches, one or a plurality of transducer ele-
ments to be connected with each group signal line are
selected. The switching circuit 20 is capable of varying the
number of transducer elements forming each group in accor-
dance with the beam scanning direction (namely, the beam
deflecting direction). The switching circuit 20 is also capable
of setting one or a plurality of ineffective transducer elements
(i.e., a transducer element which is not connected with any
group signal line and does not effect transmission and recep-
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tion of ultrasound) in accordance with the beam scanning
direction. Further, each sub array may be composed of, for
example, 4x4=16 transducer elements, which are grouped
into 4 groups. Still further, the sub array and the group may be
defined under other conditions.

[0051] As can be understood from the above description,
the switching circuit 20 outputs 5 group reception signals for
each sub array. A group reception signal is obtained, for
example, by summing 5 reception signals output from 5 trans-
ducer elements forming each group. In the example used to
illustrate this embodiment, the summing is achieved by a
simple summing method using connection. More specifically,
a plurality of reception signals are summed by interconnec-
tion of a plurality of signal lines. However, a weighted addi-
tion method or the like may be employed. The number of
reception signals to be summed depends on the number of
transducer elements forming a group. Meanwhile, as will be
described below, 5 transmission signals are generated for
each sub array within the cable connector 14B, and these 5
transmission signals are respectively supplied to 5 groups
forming the corresponding sub array. Specifically, one trans-
mission signal is distributed (supplied in parallel) to 5 trans-
ducer elements forming one group. Namely, within the
switching circuit 20, one transmission signal is divided into 5
signals. Here, the number of signals obtained by division
depends on the number of transducer elements forming one
group.

[0052] As described above, reference numeral 22 indicates
sets of signal lines provided for each sub array. Each set of
signal lines 22 is composed of 5 signal lines (5 group signal
lines). The above-described transmission signal and the
reception signal are transmitted to each signal line. Here, it
may be the case that the reception signal is transmitted in the
form of a current signal and the transmission signal is trans-
mitted in the form of a voltage signal. In this case, the trans-
mission signal may be, for example, of approximately 100V,
or a low voltage signal of approximately several V. The probe
cable 14A also includes, in addition to the plurality of sets of
signal lines 22, one or more control lines for transmitting a
control signal or the like. In FIG. 2, a power line or the like
inserted through the probe cable 14A is omitted.

[0053] The cable connector 14B has a box shape, for
example, and contains therein a plurality of transmission/
reception modules 24 as described above. Each transmission/
reception module 24 includes a transmitter section and a sub
phase adjusting and summing circuit (or a sub beam-former)
26. The transmitter section includes 5 transmitters, thereby
generating 5 transmitting signals for each sub array. Further,
the sub phase adjusting and summing circuit 26 performs a
sub phase adjusting and summing process with respect to 5
group reception signals which are input thereto. With this
process, a sub phase adjusted and summed signal 27 is gen-
erated for each sub array.

[0054] In the present embodiment, a main phase adjusting
and summing circuit (or a main beam-former) 30 and a trans-
mission/reception control section 32 are provided within the
apparatus body 12. The main phase adjusting and summing
circuit 30 receives a plurality of sub phase adjusted and
summed signals 27 and subjects these signals to a main phase
adjusting and summing process, thereby generating a main
phase adjusted and summed signal (a receiving beam signal)
31. A known technology for dynamic focus in receiving can
be applied to the phase adjusting and summing process. Each
of the sub phase adjusting and summing circuits 26 and the
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main phase adjusting and summing circuit 30 may be formed
as an analog phase adjusting and summing circuit or as a
digital phase adjusting and summing circuit.

[0055] The transmission/reception control section 32 per-
forms an operation control for each of the elements shown in
FIG. 2; in particular, setting of a phase adjusting and sum-
ming condition in a plurality of sub phase adjusting and
summing circuits 26 and setting of phase adjusting and sum-
ming conditions in the main sub phase adjusting and sum-
ming circuit 30. Further, the transmission/reception control
section 32 outputs a control signal to the switching circuit 20
provided within the probe head 10. With this control signal,
setting of a plurality of sub arrays and setting of a plurality of
groups is performed. The transmission/reception control sec-
tion 32 has an unillustrated switching circuit control table.
This table is used to determine the connection condition in the
switching circuit 20; i.e., the ON/OFF operation of switch
groups for connecting a plurality of transducer elements
forming the array transducer 16 and a plurality of group signal
lines, in accordance with the beam address and the depth of
the focal point. As such, with the beam address and the depth
of the focal point being specified, a set of grouping patterns
for the whole array transducer 16 (i.e., a plurality of sub array
patterns and the grouping pattern for each sub array) can be
determined by reference to the table. However, there may also
be employed a table for generating a connection pattern for
each sub array in accordance with the beam address, thedepth
of the focal point, and the sub array address, or another table.
[0056] FIG. 3 shows a specific example structure of the
transmission/reception module 24 shown in FIG. 2. As
described above, the transmission/reception module 24
includes a transmitter section 36, the sub phase adjusting and
summing circuit 26, and a plurality of two-way transmission
circuits (input-output circuits) 34. Here, each two-way trans-
mission circuit 34 functions as a pulser for transmitting and as
a head amp circuit for receiving. Each two-way transmission
circuit 34 outputs a transmission signal to a signal line at the
time of transmission and transmits a reception signal input
from a signal line to the phase adjusting and summing circuit
26 at the time of reception. The transmitter section 36 is
composed of 5 transmitters 38. Each transmitter 38 outputs a
transmission signal to which a predetermined delay time is
added.

[0057] The sub phase adjusting and summing circuit 26
described above may be formed as an analog phase adjusting
and summing circuit having a delay line, for example, or as a
digital phase adjusting and summing circuit functioning as a
digital beam former. Further, the sub phase adjusting and
summing circuit 26 may also be formed as a phase adjusting
and summing circuit using a CCD device.

[0058] A variety of embodiments can be employed for the
elements provided on the apparatus body side with respect to
the switching circuit 20, and the structure shown in FIG. 1 is
one of the examples.

[0059] The operation of the switching circuit 20 will be
described with reference to FIGS. 4 to 10.

[0060] FIG.4 conceptually shows a portion of the 2D array
transducer 16. Each cell corresponds to one transducer ele-
ment. A plurality of sub arrays having a rectangular sub array
shape are defined on the 2D array transducer 16. FIG. 4
particularly shows sub arrays S1 to S9, which are closely
coupled with each other with no intervals therebetween. In
FIG. 4, an example group setting method is shown, for refer-
ence, with regard to the sub array S5. In the example shown in
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FIG. 4, 5 groups are set in the X direction, and each group is
composed of 5 transducer elements arranged along the Y
direction. In FIG. 4, A, B, C, D, and E are identifiers of the
groups to which the respective transducer elements belong.
This similarly applies to each of the drawings which will be
described below. Assurning that the vertical center axis of the
array transducer corresponds to the Z direction, the X direc-
tion and the Y direction as shown are orthogonal to the Z
direction and correspond to two axes, respectively, which
define a horizontal plane.

[0061] The sub array shape shown in FIG. 4 is the most
common sub array shape, which is a square. The grouping
pattern of each group shown in F1G. 4, which is a linear shape
extending in the Y direction, is also common. This grouping
pattern (the arrangement of a plurality of groups within the
sub array) is adopted when an ultrasonic beam is scanned in
the X direction as shown in FIG. 4, for example.

[0062] FIG. 5 shows another example of the sub array
shape. Each sub array S1 to S9 is slanted stepwise in the
diagonal direction and has an overall parallelogram shape.
With regard to the sub array S5, for example, the grouping as
shown is achieved. Specifically, a group A is composed of 5
transducer elements which are linearly aligned diagonally.
Each of the other groups has the same structure; the position
of each transducer element in the X direction for each group
is shifted in parallel by one step in the X direction at each
stage in the Y direction. For other sub arrays, the same group-
ing pattern as that of the sub array S5 is used.

[0063] By adopting the sub array shape and the grouping
pattern as shown in FIG. 5, when an ultrasonic beam is
scanned in the direction which is slanted by 45 degrees with
respect to the both X and Y directions at a certain focal point
depth, the thickness of each group in that direction can be
reduced to only 1/,2 the thickness of the transducer element;
namely, it becomes possible to prevent a problem that the
apparent width of the transducer portion increases in the
beam scanning direction. This will be described in detail. In
the present embodiment, the same delay time is added on
group units. In other words, a plurality of transducer elements
forming each group are connected in parallel at the time of
transmission and reception, and they form a single transducer
portion as a whole. When the width of such a transducer
portion increases in the beam scanning direction, side lobes
might increase in size. On the other hand, when the sub array
shape and the grouping pattern are appropriately defined as
shown in FIG. 5, it is possible to prevent an apparent increase
in the width of the transducer portion. In other words, the
above-noted problems can be solved or mitigated.

[0064] FIG. 6 shows various types of sub array shapes and
grouping patterns. The sub array shape shown in FIG. 6(«) is
the same as that shown in FIG. 4 and is used when scanning an
ultrasonic beam in the X direction. The sub array shape shown
in FIG. 6(b) is the same as that shown in FIG. 6(a) with
respect to the outer shape, but has a different grouping pattern
within the sub array. More specifically, in FIG. 6(5), 5 groups
arearranged in theY direction, and each group is composed of
5 transducer elements arranged in the X direction. This pat-
tern is adopted when scanning an ultrasonic beam in the Y
direction.

[0065] FIG. 6(c) shows a sub array shape which is the same
as that shown in FIG. 5. The sub array shape pattern shown in
FIG. 6(d) is obtained by shifting the sub array shape shown in
FIG. 6(b) stepwise in the X direction by one step at each stage
in the Y direction. The sub array shape shown in F1G. 6(d), as



US 2008/0146930 A1

well as that shown in FIG. 6(¢), is preferable when scanning
an ultrasonic beam upward and to the right (downward and to
the left) with respect to the sheet plane.

[0066] The sub array shape shown in FIG. 6(e) has a shape
obtained by deforming the sub array shape pattern shown in
FIG. 6(c) in the opposite diagonal direction. This sub array
shapeis preferable when scanning an ultrasonic beam upward
and to the left (downward and to the right) with respect to the
sheet plane.

[0067] Thesub array shape pattern shown in FIG. 6(f) has a
shape obtained by deforming the sub array shape pattern
shown in FIG. 6(d) in the opposite diagonal direction. This
sub array shape, similar to that shown in FIG. 6(e), is prefer-
able when scanning an ultrasonic beam upward and to the left
(downward and to the right) with respect to the sheet plane.
[0068] Obviously, these sub array shapes or the like shown
in FIG. 6 are merely illustrative, and a variety of other sub
array shapes can be adopted. Specifically, the sub array shape
(and the grouping pattern) is desirably set in accordance with
the beam forming condition, particularly the beam scanning
direction and the focus depth, so as to prevent side lobes as
much as possible; namely, so as to obtain a better beam
profile. Here, in order to simplify the structure of the switch-
ing circuit 20 and also facilitate control thereof, the number of
selectable sub array shapes may be limited to approximately
4, for example. In this case, the sub array shapes shown in
FIGS. 6(a), (b), (¢) (or (d)), and (e) (or (f)) can be adopted.
[0069] InFIG.7, avariableregion R regarding one specific
sub array is indicated with a bold line. This variable region is
defined by the largest outer edge of a region which the certain
sub array can have when the sub array shape changes. There-
fore, the variable region R corresponds to a region obtained
by superposing the shapes shown in FIGS. 6(a) to (f). In FIG.
7, reference numeral 100 indicates the most basic sub array
shape, which is a square. Further, the grouping pattern shown
in FIG. 6(c) is used, for reference, in the example of FIG. 7.
[0070] As can be understood from the shape of the variable
region R shown in FIG. 7, a plurality of adjacent variable
regions R partially overlap each other. At each transmission
and reception process, however, adjacent sub arrays are
closely coupled with each other and do not overlap each other.
Overlapping of the variable regions will be described with
reference to FIG. 8.

[0071] Referring to FIG. 8, R1 to R4 show 4 variable
regions concerning 4 sub arrays, respectively, arranged adja-
cently in the upper-lower and right-left directions. Here, the
variable region R1 is indicated by a solid line, the variable
region R2 is indicated by an alternate long-and-short dashed
line, the variable region R3 is indicated by an alternate long-
and-two short dashed line, and the variable range R4 is indi-
cated by a broken line.

[0072] The transducer elements a to 1 located in the portion
where these variable regions partially overlap each other will
be explained. The transducer elements a, b, and ¢ belong to
the variable regions R1, R2, and R3; the transducer elements
d, e, and f'belong to the variable regions R1, R2, and R4; the
transducer elements g, h, and i belong to the variable regions
R2,R3, and R4; and the transducer elements j, k, and 1 belong
to the variable regions R1, R3, and R4.

[0073] Focusing on the variable region R1, the transducer
elements a to f and j to 1 are included within the variable
region R1 (whereas the transducer elements g to i1 are not
included), and the variable region R1 also includes a plurality
of transducer elements peculiar to the variable region R1.
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These peculiar transducer elements include 13 transducer
elements, which are disposed close to each other in a diamond
shape about the center of the variable region R1.

[0074] FIG. 9 shows a comparative example. In this
example, the sub array has a fixed square shape. The grouping
pattern as shown in FIG. 9, for example, is set when scanning
an ultrasonic beam in the diagonal direction. Here, this group-
ing pattern is also fixed. In this case, a plurality of transducer
elements belonging to the group C exist along the beam
scanning direction (that is, the thickness of the transducer
portion C is increased in that direction), which results in
deformation of ultrasonic beam profile, leading to easy gen-
eration of side lobes. According to the present embodiment,
on the other hand, with the dynamical setting of the sub array
shape and the grouping pattern, a problem which is caused in
the case as shown in FIG. 9 can be solved or mitigated, as will
be described below.

[0075] FIG. 10 shows another example concerning the sub
array shape, in which one sub array is composed of 4x4=16
transducer elements. As shown in FIG. 10, 16 transducer
elements forming each sub array are grouped into 4 groups. In
FIG. 10, each group is hatched in a different manner for the
purpose of identification. The numerical values shown in
FIG. 10 indicate the angles representing the scanning direc-
tion of an ultrasonic beam (corresponding to the beam rota-
tion angle about the vertical axis). It should be noted that each
grouping pattern shown in FIG. 10 is illustrative, and a variety
of grouping patterns can actually be defined selectively for
each sub array shape in accordance with the transmission and
reception conditions.

[0076] By adaptively changing each sub array shape (and
the grouping pattern simultaneously) in accordance with the
scanning direction of an ultrasonic beam as shown in F1G. 10,
a preferable beam profile can be obtained in any beam direc-
tion. A plurality of sub arrays can be closely coupled with
each other regardless of which sub array shape shown in FIG.
10 is adopted. When the scanning direction is 45 degrees, for
example, a plurality of sub arrays are closely coupled to each
other without any intervals therebetween, as shown in FIG. 5.
With regard to other scanning angles, a plurality of sub arrays
are similarly coupled closely with each other.

[0077] Atanend portion of a 2D array transducer, however,
one or a plurality of transducer elements which substantially
do not function may exist. Further, although in the above
embodiment no interval is formed between a plurality of sub
arrays, it is possible to provide between adjacent sub arrays
one or a plurality of transducer elements which substantially
do not function sub array.

[0078] The variable setting method of the sub array shape
as described above is also applicable to a 1.5D array trans-
ducer in which a plurality of transducer elements are arranged
two-dimensionally, in addition to a 2D array transducer.
[0079] Additional variations for changing the sub array
shape and the grouping pattern will be described with refer-
enceto FIGS.11and 12. In FIG. 11, the sub array is composed
of 4x4 transducer elements.

[0080] FIG. 11(A) shows a sub array shape when the beam
scanning direction is 45 degrees. Each group is composed of
4 transducer elements arranged orthogonally with respect to
the beam scanning direction (indicated by a bold arrow), and
each group has the same shape. FIG. 11(B) shows a sub array
shape when the beam scanning direction is smaller than 45
degrees. While the sub array shown in FIG. 11(B) has the
same sub array shape (outer shape) as the sub array shown in
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FIG. 11(A), the number of transducer elements forming a
group differs among a plurality of groups, and the groups A,
B, and C have non-linear shapes in FIG. 11(B). FIG. 11(C)
shows a sub array shape when the beam scanning direction is
greater than 45 degrees. Although the sub array shown in FIG.
11(C) has the same sub array shape as the sub array shown in
FIG. 11(A), the number of transducer elements forming a
group differs among a plurality of groups, and the groups B,
C, and D have non-linear shapes in FIG. 11(C). FIG. 11(D)
shows another sub array shape when the beam scanning direc-
tion is smaller than 45 degrees. The sub array shown in FIG.
11(D) has a sub array shape which is different from that
shown in FIG. 11(A). In FIG. 11(D), the group shape is
identical for a plurality of groups. FIG. 11(E) shows a sub
array shape when the beam scanning direction has a consid-
erably small angle. Although the shape of the sub array shown
in FIG. 11(E) is the same as that of the sub array shown in
FIG. 11(D), the number of transducer elements forming a
group is not identical among a plurality of groups. Regardless
of which sub array shape is adopted, a plurality of sub arrays
can be closely coupled with each other.

[0081] As described above, by changing both the sub array
shape and the grouping pattern in accordance with the beam
scanning direction, a preferable ultrasonic beam can be
formed. In particular, by varying the number of transducer
elements forming each group in accordance with the beam
scanning direction, side lobes can be reduced more effec-
tively.

[0082] Although in the above embodiment, all of a plurality
of transducer elements forming each sub array function as
effective transducer elements (transducer elements effecting
transmission and reception of ultrasound), one or a plurality
of ineffective transducer elements (transducer elements not
effecting transmission and reception of ultrasound) may be
provided within each sub array when the beam scanning
direction corresponds to a predetermined angle. A further
embodiment, configured in this manner, will be described
below with reference to FIG. 12.

[0083] InFIG. 12, the sub array is composed of 5x5 trans-
ducer elements. FIG. 12 (A) shows a sub array shape (which
is the same as the shape shown in FIGS. 5, 6(), and 7) when
the beam scanning direction is 45 degrees. Each group is
composed of a series of transducer elements arranged
orthogonally with respect to the beam scanning direction, and
each series of transducer elements includes 5 transducer ele-
ments. FIG. 12(B) shows a sub array shape when the beam
scanning direction is 30 degrees. FIG. 12(C) shows a sub
array shape when the beam scanning direction is 60 degrees.
Although the sub arrays shown in FIGS. 12 (B) and (C) have
the same shape as that shown in FIG. 12(A), the sub arrays
shown in FIGS. 12 (B) and (C) include a plurality of non-
linear groups. FIG. 12(D) shows a sub array shape when the
beam scanning direction is 25 degrees. In FIG. 12(D), a
plurality of groups are identical in the number of transducer
elements forming the group and the group shape. Meanwhile,
FIG. 12(E) shows a sub array shape when the beam scanning
direction is 15 degrees. Although the sub array shown in FIG.
12(E) has the same shape as the sub array shown in FIG.
12(D), these sub arrays have different grouping patterns. FIG.
12(F) shows a sub array shape when the beam scanning
direction is 20 degrees. Although the sub array shown in FIG.
12(F) has the same shape as the sub array shown in FIG.
12(D), one ineffective transducer element 102 is included
within the sub array shown in FIG. 12(F). FIG. 12(G) shows
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a sub array shape when the beam scanning direction is 10
degrees. Although the sub array shown in FIG. 12(G) has the
same shape as the sub array shown in FIG. 12(E), 4 ineffective
transducer elements 102 are included within the sub array
shown in FIG. 12(G). In this manner, the position and the
number of ineffective transducer elements are variably set in
accordance with the beam scanning direction.

[0084] Regardless of which sub array shape of those shown
in FIGS. 11 and 12 is adopted, a plurality of sub arrays can be
closely coupled with each other.

[0085] Referring now to FIGS. 13 to 15, control in particu-
lar consideration of the depth of the focal point will be
described in detail.

[0086] In this embodiment, the sub array shape is changed
in accordance with the beam address (particularly the beam
scanning direction) and simultaneously the grouping pattern
is individually defined for each sub array in accordance with
the beam address, the focal point depth, and the sub array
position. More specifically, the sub array shape and the group-
ing pattern are optimized such that the acoustic distances
between respective transducer elements forming each group
and the focal point can be made as equal as possible.

[0087] FIG. 13(A) shows a plane (XZ plane) which is ver-
tical to the array transducer plane and FIG. 13(B) shows a
horizontal plane (XY plane) which is parallel with the array
transducer plane. This similarly applies to the cases shown in
FIGS. 14 and 15. The X and Y directions correspond to the
arrangement direction of the transducer elements, and the Z
direction, which is a vertical direction, is orthogonal to the X
andY directions. Reference numeral 302 indicates a vertical
axis parallel to the 7 axis, which passes through the focal
point F1. Reference numeral 304 indicates a transmission
beam represented with the center 308 of the array transducer
300 being the origin (a starting point). The transmission beam
304 is directed to the focal point F1. Further, reference
numeral 306 indicates an equidistant plane (a wave surface
which is a sphere). Ideally, a plurality of transducer elements
forming each group are arranged on the equidistant plane. In
FIG. 13(B), each cell of the array transducer 300 represents a
sub array 300A which is composed of 4x4 transducer ele-
ments (see reference numerals 310 to 320, which will be
described below).

[0088] When the angle defined between the beam direction
and the horizontal axis (the X axis in this example) is small
and the focal point F1 is defined at a position of relatively
small depth as in the example shown in FIG. 13, for example,
different grouping patterns 310 to 320 are defined for each
sub array on the array transducer 300 in accordance with the
position of each sub array, as shown in FIG. 13(B). Specifi-
cally, although the sub arrays are of identical shape, a more
suitable grouping pattern is defined for each sub array in view
of the phase alignment on the unit of each group. In other
words, the form of each group and the number of elements
forming each group are optimized. When, from the state
shown in FIG. 13 described above, the angle defined between
the beam scanning direction and the horizontal axis some-
what increases and the depth of the focal point F2 increases as
in the case of FIG. 14, grouping patterns 324 to 336 are set for
the respective sub arrays as shown in FIG. 14(B). In this case,
however, the rectangular shape of each sub array remains
unchanged. Further, when, from the state shown in FIG. 14
described above, the angle in the scanning direction increases
such that the angle of beam scanning direction is approxi-
mately 45 degrees with respect to two orthogonal horizontal
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axes while the depth of the focus point F3 substantially
remains as shown in FIG. 15, the shape of each sub array
changes from a rectangular shape to a parallelogram shape,
and simultaneously, grouping patterns 342 to 354 are set for
the respective sub arrays in accordance with the position of
each sub array. The change of the sub array shape is pet-
formed in accordance with the conditions shown in FIG. 10 or
a simplified version thereof. For example, in the simplified
version, only the sub array shapes corresponding to the beam
scanning directions of 0 degrees, 45 degrees, 90 degrees, 135
degrees, 180 degrees, 225 degrees, 270 degrees, and 315
degrees shown in FIG. 10 may be used.

[0089] As described above, the sub array shape is dynami-
cally variable in accordance with the beam scanning direc-
tion. Then, based on the sub array shape which is defined, the
grouping pattern is also variably and dynamically defined for
each sub array in accordance with the beam scanning direc-
tion. In this case, it is desirable to previously compute a set of
the best grouping patterns for the whole array transducer with
regard to each pair of the beam address and the focal depth
and to store, in the table, the switching patterns which can
achieve the best grouping patterns. In other words, it is desir-
able to achieve a structure which allows the optimum switch-
ing pattern to be obtained instantaneously from the beam
address and the depth of the focal point by referring to the
table. As a result of such switching, a plurality of sub arrays
are formed on the array transducer and simultaneously the
grouping pattern is defined for each sub array. Here, the beam
scanning route within the three-dimensional space can be
defined as desired. In general, the beam is scanned in a first
direction to form a scanning plane, and then the scanning
plane is scanned in a second direction.

[0090] With the above structure, the optimum grouping
pattern is defined for each sub array with reference to the
positional relationship between the focal point and a plurality
of transducer elements forming a group. Consequently, the
channel reduction can be achieved and simultaneously a pref-
erable beam profile can be obtained, which further achieves
an advantage of enhancing the quality of an ultrasonic image.
In other words, desirable image quality can be obtained while
the device structure can be simplified.

[0091] Although the preferred embodiments of the present
invention have been described using specific terms, such
description is for illustrative purposes only, and it is to be
understood that modifications and variations may be made
without departing from the spirit or scope of the appended
claims.

What is claimed is:

1. An ultrasound diagnosis apparatus, comprising:

an array transducer composed of a plurality of transducer
elements for forming an ultrasonic beam which is to be
scanned two-dimensionally;

a switching section which is connected to the array trans-
ducer, the switching section defining a plurality of sub
arrays with respect to the array transducer and defining a
plurality of groups, each being composed of one or a
plurality of transducer elements, with respect to each sub
array,

a transmitter section which is connected to the array trans-
ducer via the switching section, for generating a group
transmission signal for each group; and
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a receiver section which is connected to the array trans-
ducer via the switching section, for processing a recep-
tion signal of each group which is output from the
switching section,

wherein the switching section defines a grouping pattern
individually for each sub array on the basis of at least on
a depth of focal point.

2. An ultrasound diagnosis apparatus according to claim 1,

wherein

the switching section dynamically changes the grouping
pattern defined for each sub array in the course of scan-
ning the ultrasonic beam.

3. Anultrasound diagnosis apparatus according to claim 1,

wherein

the switching section further defines the grouping pattern
individually for each sub array in accordance with the
positionof each sub array on the basis ofa beam address.

4. An ultrasound diagnosis apparatus according to claim 1,

wherein

the switching section has a function of distributing and
outputting the group transmission signal to a plurality of
transducer elements forming the corresponding group
and a function of summing a plurality of reception sig-
nals from a plurality of transducer elements forming
each group and generating a group reception signal for
each group.

5. An ultrasound diagnosis apparatus comprising:

an array transducer composed of a plurality of transducer
elements for forming an ultrasonic beam which is to be
scanned two-dimensionally;

a switching section which is connected to the array trans-
ducer, the switching section defining a plurality of sub
arrays with respect to the array transducer in accordance
with a beam address and a depth of focus point and
defining, with respect to each sub array, a plurality of
groups each being composed of one or a plurality of
transducer elements in accordance with a position of
each sub array;

a transmitter section which is connected to the array trans-
ducer via the switching section, for generating a group
transmission signal for each group; and

a receiver section which is connected to the array trans-
ducer via the switching section, for processing a recep-
tion signal of each group which is output from the
switching section.

6. An ultrasound diagnosis apparatus according to claim 5,

wherein

at the period of scanning the ultrasonic beam, the switching
section dynamically changes the sub array shape defined
for each sub array and also dynamically changes a
grouping pattern defined for each sub array.

7. An ultrasound diagnosis apparatus according to claim 6,

wherein

the switching section changes the sub array shape defined
for each sub array in accordance with the beam scanning
direction on a horizontal plane which is orthogonal to a
vertical center axis of the array transducer.
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