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FIG. 11B
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ULTRASONIC DIAGNOSIS APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Application No. 2010-
143099, filed Jun. 23, 2010; the entire contents of which are
incorporated herein by reference

FIELD

[0002] Embodiments relate to an ultrasonic diagnosis
apparatus.

BACKGROUND

[0003] An ultrasonic diagnosis apparatus is used in the
medical field for diagnosing diseases in organisms (patients).
In particular, the ultrasonic diagnosis apparatus transmits
ultrasonic waves into a subject with an ultrasound probe
comprising ultrasound transducers. Following this, it receives
with the ultrasound probe reflected ultrasonic waves gener-
ated by the mismatch of acoustic impedance within the sub-
ject, and images the subject’s internal condition based on such
reflected waves.

[0004] For an ultrasonic diagnosis apparatus, a one-dimen-
sional array probe with a plurality of ultrasound transducers
that are arranged in an array is used.

[0005] However, good images over a wide range cannot be
obtained because although high resolution is obtained near a
focal point, sufficient resolution is not obtained in areas that
are away from the focal point.

[0006] Thus, a technology in which each ultrasound trans-
ducer has a different focal length, and the aperture diameter of
the ultrasound transducer at the time of reception is changed
depending on the focal length has been proposed.

[0007] However, this proposed technology uses ultrasound
transducer arrays that are linearly aligned, and has not been
considered for use in ultrasound probes with ultrasound trans-
ducer arrays that are two-dimensionally arranged.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a block diagram showing the schematic
configuration of the ultrasonic diagnosis apparatus according
to the first embodiment.

[0009] FIG. 2 shows a layout of the two-dimensional
matrix array in the first embodiment.

[0010] FIG. 3 is a diagram of aperture change showing
changes in the aperture of the two-dimensional matrix array
in the first embodiment.

[0011] FIG. 4 is a pattern diagram showing the addition of
transmission delay in the first embodiment.

[0012] FIG. 5 is a pattern diagram showing the addition of
reception delay in the first embodiment.

[0013] FIG. 6 is a pattern diagram showing the relationship
between the aperture of the main array and the focal point for
each sub array in the first embodiment.

[0014] FIG. 7 is a pattern diagram showing the relationship
between the aperture of conventional main array and the focal
point for each sub array.

[0015] FIGS. 8A, 8B, and 8C show the distribution of the
acoustic field formed when ultrasonic waves are received by
the ultrasonic diagnosis apparatus according to the embodi-
ment.
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[0016] FIGS. 9A, 9B, and 9C show the distribution of the
acoustic field formed when the ultrasonic waves are received
according to the conventional technology.

[0017] FIG. 10 is an illustrative diagram of operation to
illustrate the operation regarding the relationship between the
determination of the aperture diameter and the determination
of the focal point in the embodiment.

[0018] FIG. 11 is a pattern diagram to illustrate the rela-
tionship between the changes in the aperture diameter and the
focal point in the embodiment.

[0019] FIG. 12 is an illustrative diagram of operation to
illustrate the operation regarding the relationship between the
determination of the focal length and the determination of the
aperture diameter in the second embodiment.

DETAILED DESCRIPTION

[0020] The ultrasonic diagnosis apparatus according to the
embodiments transmits ultrasonic waves to a subject, gener-
ates an ultrasound image based on the signals received by the
subject, and comprises sub arrays, a main array, an aperture
diameter setting part, and a delay pattern setting part. The sub
arrays consist of a plurality of ultrasound transducers that are
two-dimensionally disposed, and have a fixed delay pattern
during a single receiving period. The main array consists of
sub arrays. The aperture diameter setting part sets the aperture
diameter of the main array. The delay pattern setting part
changes the delay pattern for each of the sub arrays depending
on the aperture diameter.

Example 1

[0021] A configuration of the ultrasonic diagnosis appara-
tus according to the first embodiment is described with ref-
erence to FIG. 1 and FIG. 2.

[0022] FIG. 1 is a block diagram showing the schematic
configuration of the ultrasonic diagnosis apparatus according
to an embodiment. As shown in FIG. 1, the ultrasonic diag-
nosis apparatus according to the present embodiment com-
prises an ultrasound probe 12, a transmission delay and add-
ing part 21, a transmission processor 22, a central processing
unit (CPU) 28, an aperture diameter determining part 43, a
reception delay and adding part (sub array delay and adding
part) 44, a focal length determining part 45, a reception pro-
cessor 46, a signal processor 47, a display controller 27, and
a monitor 14.

[0023] Theultrasound probe 12 is provided with ultrasound
transducers, a matching layer, and a backing material, etc.
[0024] For ultrasound probe 12, a plurality of ultrasound
transducers are provided on a known rear surface material,
and a known matching layer is provided on those ultrasound
transducers. That is, the rear surface material, the ultrasound
transducers, and the matching layer are laminated in that
order. In the ultrasound transducers, the surface on which the
matching layer is provided is the radiation surface for the
ultrasonic waves, and its opposite side (the surface on which
the rear surface material is provided) is the rear surface.
Common (GND) electrodes are connected to the radiation
surface of the ultrasound transducers, and signal electrodes
are connected to the rear surface.

[0025] For an ultrasound transducer, an acoustic/electri-
cally-reversible converting element, etc. such as piezocer-
amic element, etc. can be used.

[0026] For example, ceramic materials such as lead zircon-
ate [zirconium] titanate (Pb (Zr, Ti) O;), lithium niobate
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(LiNDbOs;), barium titanate (BaTiO;), or lead titanate (Pb-
Ti0,), etc. are preferably used.

[0027] The ultrasound transducers generate ultrasonic
waves based on drive signals from the transmission processor
22. The generated ultrasonic waves are reflected on the dis-
continuous surface of acoustic impedance within the subject.
Each ultrasound transducer receives these reflected waves
and generates signals, which are taken into the reception
processor 46 for each channel.

[0028] The matching layer is provided to improve the
acoustic matching between the acoustic impedance of the
ultrasound transducers and the acoustic impedance of the
subject. The matching layer can be a single layer, or two or
more layers can be provided.

[0029] The backing material prevents the propagation of
ultrasonic waves backwards from the ultrasound transducer.
[0030] Also, among ultrasonic oscillations that are oscil-
lated from the ultrasound transducers and the ultrasonic oscil-
lation at the time of reception, the rear surface material
absorbs and attenuates unnecessary ultrasonic oscillation
components for image extraction of the ultrasonic diagnosis
apparatus. In general, materials such as synthetic rubber,
epoxy resin or polyurethane rubber, etc. mixed with inorganic
particulate powders such as tungsten, ferrite, and zinc oxide,
etc. are used for the rear surface material.

[0031] In the first embodiment, a two-dimensional matrix
array with two-dimensionally arranged sub arrays is used.
FIG. 2 shows a layout of the two-dimensional matrix array in
the first embodiment. In FIG. 2, the two-dimensional matrix
array consists of a main array 1. In addition, a sub array 2
consists, for example, of ultrasound transducer groups a
circle A, a circle B, a circle C, and a circle D. The main arrayl
has the sub arrays 2, arranged in a two-dimensional matrix.
By using a sub array as a unit, signals are processed for each
sub array and therefore it is possible to reduce the throughput
assigned to the CPU, and also to reduce the amount of wiring,
etc.

[0032] FIG. 3 is a diagram of aperture change showing
changes in the aperture of the two-dimensional matrix array
in the first embodiment.

[0033] FIG. 3 illustrates the changes in the aperture diam-
eter from S1 of the minimum diameter to S2, and then to S3,
as the aperture diameter increases. In the main array 1 of FIG.
2, the size of the aperture diameter is adjusted by increasing or
decreasing the number of sub arrays 2 used. For example, in
order to enlarge the size of the aperture diameter, the number
of sub arrays used is increased. On the other hand, in order to
reduce the size of the aperture diameter, the number of sub
arrays used is decreased.

[0034] FIG. 4 is a pattern diagram showing the addition of
transmission delay in the first embodiment. In FIG. 4, a delay
is introduced by the transmission delay and adding part 21 at
the time of transmitting ultrasonic waves to perform a delayed
focus. That is, there is a path difference between the distance
from the ultrasound transducers in the sub array 41¢, which is
located closer to the center of the aperture, to the focal point
F and the distance from the ultrasound transducers in the sub
arrays 41a and 41e, which are located at the edges of the
aperture, to the focal point F. Consequently, in order for the
ultrasonic beams to be focused at the focal point F, the timing
of transmitting ultrasonic waves from the ultrasound trans-
ducers in the sub array 41c that is located closer to the center
should be delayed for the ultrasound transducers in the sub
arrays 41a and 41e that are located at the edges that are further
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away from the focal point. Also, for the sub arrays 415 and
41d that are located between the center of the aperture and the
edges of the aperture, the timing of transmission should be
delayed depending on the distance to the focal point F. Thor-
ough this processing, ultrasonic beams are in phase when
reaching the focal point F, so that they can form a focal point.

[0035] The transmission processor 22 has a signal genera-
tor, a transmission mixer, and a frequency modulation/de-
modulation unit. It generates drive pulse signals at the timing
of transmission to which a delay was introduced, and trans-
mits them to the ultrasound transducers.

[0036] FIG. 5is a pattern diagram showing the addition of
reception delay in the first embodiment. The additive process-
ing is performed by the reception delay and adding part (sub
array delay and adding part) 44 by adding delay time to the
signals received by the ultrasound transducers in the sub
arrays included in the aperture diameter. For reception, a
delay needs to be added at the opposite timing of the timing of
transmission shown in FIG. 4. That is, with regard to the
ultrasonic beams returning from the focal point F, the timing
of receiving the ultrasonic waves in the sub array 41c that is
located closer to the center should be faster for the ultrasound
transducers in the sub arrays 41a, 41e that are located at the
edges that are further away from the focal point F. Also, for
the sub arrays 4156 and 41d, which are located between the
edges and the center, an adjustment can be made by making
the timing of reception faster depending on the distance
between each ultrasound transducer and the focal point.

[0037] The aperture diameter determining part 43 is
included in the main delay and adding part (not shown) in the
central processing unit (CPU) 28. The aperture diameter
determining part 43 determines the size of the aperture diam-
eter of the main array. To determine the size of the aperture
diameter, a matrix switch can be used. The matrix switch is a
switch that allows multi-input and multi-output. The matrix
switch changes the size of the aperture diameter of the main
array by increasing or decreasing the number of sub arrays
that are connected to the transmission processor 22. For
example, the matrix switch adjusts the size of the aperture
diameter of the main array by selecting a group of ultrasound
transducers consisting of m (=n), among several ultrasound
transducers el, €2, through en in the main array, as a constitu-
ent unit of a sub array, and increasing or decreasing the
number of sub arrays connected to the transmission processor
22. For example, in FIG. 3, the aperture diameter is S1 when
the number of sub arrays is minimal, and the number of sub
arrays can be increased to have the maximum aperture diam-
eter S3, via the aperture diameter S2.

[0038] FIG. 6 s a pattern diagram showing the relationship
between the aperture of the main array and the focal point for
each sub array in the first embodiment. In FIG. 6, the aperture
diameter determining part 43 changes the aperture diameter
over the course of the transmission period, after the transmis-
sion of ultrasonic waves is started. The aperture diameter
determining part 43 determines the aperture diameter based
on the data that has been previously entered.

[0039] In the present embodiment, the focal length deter-
mining part 45 changes the position of the focal point for the
sub arrays, depending on the size of the aperture diameter
selected by the aperture diameter determining part 43. By
using this processing, signals are processed as if they are
received for each sub array with different focal length. The
focal length determining part 45 determines the focal length
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for the sub arrays so that the focal length becomes longer as
the aperture diameter becomes larger.

[0040] Also, it is possible to determine the focal length of
the sub arrays at the second aperture diameter, which has the
second shortest focal length, to be the length equal to the focal
length for the sub arrays at the first aperture diameter, which

has the shortest focal length, multiplied by \/2.

[0041] The description is made in detail with reference to
FIG. 3 and FIG. 6. For instance, the minimum aperture diam-
eter S1 in FIG. 3 corresponds to sub arrays 7d and 74" in FIG.
6. As shown in FIG. 6, the focal length determining part 45
determines the position of the focal point at Sd for the sub
arrays 7d and 7d' that were determined by the aperture diam-
eter determining part 43. Similarly, the maximum aperture
diameter S3 in FIG. 3 corresponds to sub arrays 7a and 7a' in
FIG. 6. As shown in FIG. 6, the focal length determining part
45 determines the position of the focal point at 5a for the sub
arrays 7a and 7a' that were determined by the aperture diam-
eter determining part 43. Similarly, as shown in FIG. 6, the
focal point is determined at 5¢ for sub arrays 7c and 7¢' whose
aperture diameters are between the minimum and maximum
diameters, and the focal point is determined at 56 for sub
arrays 7b and 75",

[0042] The transmission delay and adding part 21 performs
delay additive processing depending on said focal length. The
reception delay and adding part 44 performs delay additive
processing at the opposite timing of the delay timing per-
formed by the transmission delay and adding part 21.

[0043] The reception processor 46 has an apodization unit
(not shown), a frequency modulation/demodulation unit (not
shown), areception buffer unit (not shown), a reception mixer
(not shown), DBPF (not shown), a discrete Fourier transform
unit (not shown), and a beam memory (not shown). Itreceives
signals at the timing of reception to which a delay was intro-
duced and amplifies them. The amplified signals are output to
the signal processor 47.

[0044] The signal processor 47 has an A/D conversion cir-
cuit, a B-mode processing circuit, and a Doppler processing
circuit, etc.

[0045] The A/D conversion circuit performs A/D conver-
sion on the signals received by the reception processor 46.
[0046] The B-mode processing circuit receives signals
from the reception processor 46, performs logarithmic ampli-
fication and envelope detection processing, etc. to generate
data in which its signal intensity is expressed as the degree of
luminance. This data is transmitted to the display controller
27, and displayed on a monitor 14 as the B-mode image in
which the intensity of the reflected waves is expressed as
luminance.

[0047] The Doppler processing circuit performs frequency
analysis on the signals received from the reception processor
46 for the velocity information, and extracts blood flow, tis-
sue, and contrast echo components by Doppler effect, to
obtain the blood flow information for various aspects such as
average velocity, variance, and power, etc.

[0048] Especially, the Doppler processing circuit sequen-
tially reads multi-phase demodulation data from the reception
processor 46 and calculates the spectrum that is obtained at
each range, and calculates data of CW spectrum image based
on these information.

[0049] The display controller 27 generates ultrasonic
images using the data received from the signal processor 47.
In addition, it combines the generated images with character
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information and scales, etc. of various parameters, and out-
puts to the monitor 14 as video signals.

[0050] The central processing unit (CPU) 28 functions as
aninformation processing device and controls the behavior of
each of the said components. That is, it controls the behaviors
of the main body of the ultrasonic diagnosis apparatus. The
central processing unit 28 reads a dedicated program to
implement a real time display function for three-dimensional
images, which will be described later, from the storage and
the control program, to perform a specific scan sequence, and
loads them in its own memory to perform calculation and
control, etc. for each type of processing.

[0051] A storage stores the following: a specific scan
sequence to collect a plurality of volume data for the different
image angle settings; a dedicated program to achieve real
time display function for three-dimensional images; a control
program to generate images and perform display processing;
diagnostic information (patient ID, physician’s findings,
etc.); a diagnostic program; conditions for transmission and
reception; a body mark generation program, and other data
groups.

[0052] FIG. 7 s apattern diagram showing the relationship
between the aperture of conventional main array and the focal
point for each sub array. As shown in the FIG. 7, convention-
ally, regardless of the size of the aperture diameter, the same
position of the ideal focal point 5a is used for all of the sub
arrays 7a, 7a', 7b, 7b', Tc¢, 1c', 7d, and 7d" to perform delay
additive processing, so that the focal length will be the same.
In FIG. 7, at the actual focal point 6a, which is closer in
distance than the ideal focal point 5, delay errors occur in each
sub array.

[0053] FIGS. 8A, 8B, and 8C show the distribution of the
acoustic field formed when ultrasonic waves are received by
the ultrasonic diagnosis apparatus according to the embodi-
ment. FIG. 8A shows the distribution of the acoustic field at
the focal length of 15 mm. FIG. 8B shows the distribution of
the acoustic field at the focal length of 60 mm. FIG. 8C shows
the distribution of the acoustic field at the focal length of 120
mm

[0054] FIGS. 9A, 9B, and 9C show the distribution of the
acoustic field formed when the ultrasonic waves are received
according to the conventional technology. FIG. 9A shows the
distribution of the acoustic field at the focal length of 15 mm.
FIG. 9B shows the distribution of the acoustic field at the
focal length of 60 mm. FIG. 9C shows the distribution of the
acoustic field at the focal length of 120 mm.

[0055] When comparing both figures, in the case of a focal
length of 15 mm, the grating lobe intensity is lower in the
embodiment than the intensity of the grating lobe formed by
the conventional technology.

[0056] Also, with regard to the difference in the grating
lobe intensity for the position with different focal length (each
depth), the difference is smaller in the embodiment than in the
conventional technology.

[0057] FIGS. 9A, 9B, and 9C shows the acoustic field
formed when the ultrasonic waves are received according to
the conventional technology.

[0058] When comparing the cases of the focal length of 15
mm between FIG. 9A and FIG. 8A, the grating lobe is formed
and the image quality is reduced due to the reduction in the
acoustic S/N ratio. Also, in the case of the focal length of 120
mm, when comparing FIG. 9C and FIG. 8C, the image quality
and sensitivity are reduced.
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[0059] FIG. 10 is an illustrative diagram of operation to
illustrate the operation regarding the relationship between the
determination of the aperture diameter and the determination
of the focal point in the embodiment.

[0060] FIG. 11 is a pattern diagram to illustrate the rela-
tionship between the changes in the aperture diameter and the
focal point in the embodiment.

[0061] In FIG. 11, the aperture diameter of sub array A is
the minimum aperture, and that minimum aperture diameter
is S1 and its focal point is F1; as the aperture diameter of the
sub array becomes larger as shown in S2 and S3, accordingly
its focal point will become F2 and F3.

[0062] Returning to FIG. 10, the aperture diameter deter-
mining part 43 determines the size of the aperture diameter of
the sub array A to be S1.

[0063] The focal length determining part 45 determines the
focal point F1. The reception delay and adding part 44 per-
forms delay additive processing, which corresponds to the
determined focal point F1, on the received signals, and trans-
mits to the reception processor 46. The signal processor 47
performs signal processing on the received signals to which
delay additive processing has been performed. The aperture
diameter determining part 43 determines the size of the aper-
ture diameter of sub array B to be S2. The focal length
determining part 45 determines the focal point F2. The recep-
tion delay and adding part 44 performs delay additive pro-
cessing, which corresponds to the determined focal point F2,
on the received signals, and transmits to the reception proces-
sor 46. The signal processor 47 performs signal processing on
the received signals to which delay additive processing has
been performed. The aperture diameter determining part 43
determines the size ofthe aperture diameter of the sub array C
to be S3.

[0064] The focal length determining part 45 determines the
focal point F3. The reception delay and adding part 44 per-
forms delay additive processing, which corresponds to the
determined focal point F3, on the received signals, and trans-
mits to the reception processor 46. The signal processor 47
performs signal processing on the received signals to which
delay additive processing has been performed. The aperture
diameter determining part 43 determines the size of the aper-
ture diameter of sub array N to be SN. The focal length
determining part 45 determines the focal point FN. The recep-
tion delay and adding part 44 performs delay additive pro-
cessing, which corresponds to the determined focal point FN,
on the received signals, and transmits to the reception proces-
sor 46. The signal processor 47 performs signal processing on
the received signals to which delay additive processing has
been performed. According to the present embodiment, in the
images of the portion with shorter focal length, the generation
of grating lobe is prevented and the image quality is not
reduced due do the reduction in the acoustic S/N ratio. In
addition, in the images of the portion with longer focal length,
the difference in the image quality in the depth direction
becomes smaller, and uniform image quality can be obtained
throughout the imaging field.

Example 2

[0065] Next, the second embodiment ofthe ultrasonic diag-
nosis apparatus will be described with reference to the fig-
ures. The present embodiment is different from the first
embodiment in that the focal length is determined at first, and
then the aperture diameter is determined in response to that
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length. Each component in the present embodiment is the
same as that of the first embodiment.

[0066] FIG. 12 is an illustrative diagram of operation to
illustrate the operation regarding the relationship between the
determination of the focal length and the determination of the
aperture diameter in the embodiment.

[0067] The focal length determining part 45 determines the
focal point F1 of the sub array A so that the focal length shown
in FIG. 11 is the minimal. The aperture diameter determining
part 43 determines the aperture diameter S1. The reception
delay and adding part 44 performs delay additive processing,
which corresponds to the determined aperture diameter S1,
on the received signals, and transmits to the reception proces-
sor 46. The signal processor 47 performs signal processing on
the received signals to which delay additive processing has
been performed. The focal length determining part 45 deter-
mines the focal point F2 for the sub array B. The aperture
diameter determining part 43 determines the aperture diam-
eter S2. The reception delay and adding part 44 performs
delay additive processing, which corresponds to the deter-
mined aperture diameter S2, on the received signals, and
transmits to the reception processor 46. The signal processor
47 performs signal processing on the received signals to
which delay additive processing has been performed. The
focal length determining part 45 determines the focal point F3
for sub array B. The aperture diameter determining part 43
determines the aperture diameter S3. The reception delay and
adding part 44 performs delay additive processing, which
corresponds to the determined aperture diameter S3, on the
received signals, and transmits to the reception processor 46.
[0068] The signal processor 47 performs signal processing
on the received signals to which delay additive processing has
been performed.

[0069] The focal length determining part 45 determines the
focal point F3 for sub array N. The aperture diameter deter-
mining part 43 determines the aperture diameter SN. The
reception delay and adding part 44 performs delay additive
processing, which corresponds to the determined aperture
diameter SN, on the received signals, and transmits to the
reception processor 46. The signal processor 47 performs
signal processing on the received signals to which delay addi-
tive processing has been performed. According to the present
embodiment, in the images of the portion with shorter focal
length, the generation of grating lobe is prevented and the
image quality is not reduced due do the reduction in the
acoustic S/N ratio. In addition, in the images of the portion
with longer focal length, the difference in the image quality in
the depth direction becomes smaller, and uniform image
quality can be obtained throughout the imaging field.

[0070] The above embodiment described the focal length
determining part 45 that determines the focal length so that
the focal length becomes longer depending on the aperture
diameter of the main array.

[0071] However, a component to change the delay pattern
for each sub array depending on the aperture diameter of the
main array (delay pattern setting part) may be provided.
[0072] Asanexample of the delay pattern setting part, it has
the first memory to store in advance the sub array used
depending on the aperture diameter of the main array, and the
second memory to store in advance the delay pattern for each
sub array. As the aperture diameter of the main array changes,
the sub arrays for the aperture diameter are read from the first
memory, and furthermore, the delay pattern for each sub array
is read from the second memory. Accordingly, it allows
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changing the delay pattern for each sub array depending on
the aperture diameter of the main array.

[0073] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of embodi-
ments described herein may be made without departing from
the spirit of the inventions. The accompanying claims and
their equivalents are intended to cover such forms or modifi-
cations as would fall within the scope and spirit of the inven-
tions.

What is claimed is :

1. An ultrasonic diagnosis apparatus that transmits ultra-
sonic waves to a subject, and generates an ultrasound image
based on the signals received from the subject comprising:

sub arrays having a plurality of ultrasound transducers that

are two-dimensionally disposed, and having a fixed
delay pattern during a single receiving period,

a main array having the sub arrays,

an aperture diameter setting part configured to set the aper-

ture diameter of the main array, and

a delay pattern setting part configured to change the delay

pattern for each of the sub arrays depending on the
aperture diameter.

2. The ultrasonic diagnosis apparatus according to claim 1,
wherein said delay pattern setting part is configured to change
the delay pattern to extend the focal length for said sub arrays
in response to the size of the aperture diameter of said main
array.

3. The ultrasonic diagnosis apparatus according to claim 1,
wherein said delay pattern setting part is configured to change
said delay pattern, so that the focal length of sub arrays for the
second aperture diameter will be a length equal to the focal
length of sub arrays for the first aperture diameter multiplied
by V2.

4. The ultrasonic diagnosis apparatus according to claim 1,
wherein said aperture diameter determining part is configured
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to change the aperture diameter of said main array over the
course of the transmission period, after the transmission of
ultrasonic waves is started.

5. An ultrasonic diagnosis apparatus that transmits ultra-
sonic waves to a subject and generates an ultrasound image
based on the signals received from the subject comprising:

sub arrays having a plurality of ultrasound transducers that

are two-dimensionally arranged,

a main array having said plurality of sub arrays,

a focal length determining part configured to determine the

focal length for each of said sub arrays,

an aperture diameter determining part configured to select

the aperture diameter for said main array in response to
said focal length,

atransmission delay and adding part configured to perform

additive processing by adding delay time to the trans-
mission signals of ultrasonic waves, and

a reception delay and adding part configured to perform

additive processing by adding delay time to the signals
received by the sub arrays included in the aperture diam-
eter.

6. The ultrasonic diagnosis apparatus according to claim 5,
wherein said focal length determining part is configured to
determine the focal length for the sub arrays so as to lengthen
it in response to the size of the aperture diameter of said main
array.

7. The ultrasonic diagnosis apparatus according to claim 5,
wherein said focal length determining part is configured to
determine the focal length for the sub arrays at the second
aperture diameter to be the length equal to the focal length for
the sub arrays at the first aperture diameter multiplied by V2.

8. The ultrasonic diagnosis apparatus according to claim 5,
wherein said aperture diameter determining part is configured
to change the aperture diameter of said main array over the
course of the transmission period, after the transmission of
ultrasonic waves is started.

Ed sk sk Ed Ed
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