a9 United States

Hashimoto et al.

US 20030060709A1

a2 Patent Application Publication (0 Pub. No.: US 2003/0060709 A1l

(43) Pub. Date: Mar. 27, 2003

(54) ULTRASONIC DIAGNOSTIC APPARATUS

(76)

1)
(22)

(30)

Sep. 21, 2001 (JP) oooovceoercee.

Ultrasonic

Inventors: Hiroshi Hashimoto, Tokyo (JP);
Shinichi Amemiya, Tokyo (JP)

Correspondence Address:
Patrick W. Rasche
Armstrong Teasdale LL.P
Suite 2600

One Metropolitan Sq.

St. Louis, MO 63102 (US)

Appl. No.: 10/246,057

Filed: Sep. 18, 2002

Foreign Application Priority Data

2001-287989

Publication Classification

(51) TNt CL7 oo A61B 8/00
(52) US. CL oo 600/443
7) ABSTRACT

For the purpose of eliminating a problem that a good
harmonic image cannot be obtained due to the tail of a
fundamental component of previous received data intruding
into a fundamental component of current received data; in
the operation in a harmonic mode according to a phase
inversion technique, a first ultrasonic pulse is sequentially
transmitted to a plurality of foci on the same acoustic line,
and a second ultrasonic pulse of a phase opposite to that of
the first ultrasonic pulse is sequentially transmitted to the
plurality of foci on the same acoustic line.
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ULTRASONIC DIAGNOSTIC APPARATUS

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an ultrasonic imag-
ing method and ultrasonic diagnostic apparatus, and more
particularly to an ultrasonic imaging method and ultrasonic
diagnostic apparatus that eliminate a problem that a good
harmonic image cannot be obtained due to a fundamental
component of received data for a previous ultrasonic pulse
intruding into a fundamental component of received data for
a current ultrasonic pulse at a considerable intensity.

[0002] FIG. 14 is an explanatory diagram showing timing
of B-mode imaging in a conventional ultrasonic diagnostic
apparatus. In FIG. 14, a fundamental component is indi-
cated by a solid line and a harmonic component by a broken
line because the fundamental component is principal and the
harmonic component is subsidiary in the B mode.

[0003] When an ultrasonic pulse fs with a relatively shal-
low (e.g., 5 em) focus is transmitted at a time tl, the
fundamental component of received data (i.e., a component
of received data having the same frequency as the transmis-
sion frequency) indicated by the solid line in FIG. 14 has an
intensity decreasing over time with a maximum at the time
tl. The harmonic component (i.e., a component of received
data having a frequency twice as high as the transmission
frequency) of the received data indicated by the broken line
has an intensity rapidly decreasing over time with a maxi-
mum slightly after the time t1.

[0004] A time t2 is a time point when the intensity of the
fundamental component of the received data for the ultra-
sonic pulse fs transmitted at the time tl decreases to a
negligible level (e.g., the component becomes smaller than
a noise component or a detection sensitivity).

[0005] When an ultrasonic pulse fm with a relatively
intermediate (e.g., 10 cm) focus is transmitted at the time t2,
the fundamental component of received data indicated by
the solid line in FIG. 14 has an intensity decreasing over
time with a maximum at the time t2. The harmonic com-
ponent of the received data indicated by the broken line has
an intensity rapidly decreasing over time with a maximum
slightly after the time 2.

[0006] A time t3 is a time point when the intensity of the
fundamental component of the received data for the ultra-
sonic pulse fm transmitted at the time t2 decreases to a
negligible level.

[0007] When an ultrasonic pulse fd with a relatively deep
(e.g., 15 cm) focus is transmitted at the time t3, the funda-
mental component of received data indicated by the solid
line in FIG. 14 has an intensity decreasing over time with a
maximum at the time t3. The harmonic component of the
received data indicated by the broken line has an intensity
rapidly decreasing over time with a maximum slightly after
the time t3.

[0008] A time t4 is a time point when the intensity of the
fundamental component of the received data for the ultra-
sonic pulse fd transmitted at the time t3 decreases to a
negligible level.

[0009] When an ultrasonic pulse fs with a relatively shal-
low (e.g., 5 cm) focus is transmitted at the time t4, the
fundamental component of received data indicated by the
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solid line in FIG. 14 has an intensity decreasing over time
with a maximum at the time t4. The harmonic component of
the received data indicated by the broken line has an
intensity rapidly decreasing over time with a maximum
slightly after the time t4.

[0010] A similar operation is repeated thereafter.

[0011] The frame rate is 1/(ts+tm+td)+N, where the inter-
val between the times t1 and t2 is represented by <Ts, the
interval between the times t2 and t3 is represented by Tm, the
interval between the times t3 and t4 is represented by td, the
ultrasonic pulses fs, fm and fd gives one acoustic line, and
the number of acoustic lines in one frame is N. Moreover,
Ts<tm<td.

[0012] TIf the transmission intervals for the ultrasonic
pulses fs, fm and fd are uniformly set to Ts, the received data
for the ultrasonic pulse fm remains at a considerable inten-
sity when reception of received data for the ultrasonic pulse
fd is started, compromising imaging. Moreover, the received
data for the ultrasonic pulse fd remains at a considerable
intensity when reception of received data for the ultrasonic
pulse fs is started, compromising imaging.

[0013] If the intervals are uniformly set to Tm, the received
data for the ultrasonic pulse fd remains at a considerable
intensity when reception of received data for the ultrasonic
pulse fs is started, compromising imaging.

[0014] On the other hand, the intervals uniformly set to td
do no harm in imaging.

[0015] However, the frame rate is 1/(3-td)+N, which is
lower than that in FIG. 14.

[0016] In other words, the ultrasonic pulses fs, fm and fd
are transmitted at timing as shown in FIG. 14 so that a
higher frame rate can be achieved.

[0017] FIG. 15 is an explanatory diagram showing timing
of harmonic-mode imaging according to a filtering tech-
nique in the conventional ultrasonic diagnostic apparatus.

[0018] In FIG. 15, a harmonic component is indicated by
a solid line and a fundamental component by a broken line
because the harmonic component is principal and the fun-
damental component is subsidiary in the harmonic mode.
Moreover, the gain is increased to acquire large harmonic
components that are inherently small, and accordingly, the
fundamental components become larger.

[0019] The timing for transmitting the ultrasonic pulses in
FIG. 15 is exactly the same as that in the B mode shown in
FIG. 14.

[0020] FIG. 16 is an explanatory diagram showing timing
of harmonic-mode imaging according to a phase inversion
technique in the conventional ultrasonic diagnostic appara-
tus.

[0021] When a first ultrasonic pulse fs+ with a relatively
shallow focus is transmitted at a time tl, the fundamental
component of received data indicated by the broken line in
FIG. 16 has an intensity decreasing over time with a
maximum at the time t1. The harmonic component of the
received data indicated by the solid line has an intensity
rapidly decreasing over time with a maximum slightly after
the time t1.
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[0022] When a second ultrasonic pulse fs— with a rela-
tively shallow focus and of a phase opposite to that of the
first ultrasonic pulse fs+ is transmitted at a time t2 after a
time period is from the time t1 as in the B mode, the
fundamental component of received data indicated by the
broken line in FIG. 16 has an intensity decreasing over time
with a maximum at the time t2. The harmonic component of
the received data indicated by the solid line has an intensity
rapidly decreasing over time with a maximum slightly after
the time t2.

[0023] Adding the first and second received data, the
fundamental components are canceled out because their
phases are opposite, and the harmonic components are
doubled because they are in phase. That is, solely the
harmonic components can be obtained.

[0024] When a first ultrasonic pulse fm+ with a relatively
intermediate focus is transmitted at a time t3' after a time
period ts from the time t2 as in the B mode, the fundamental
component of received data indicated by the broken line in
FIG. 16 has an intensity decreasing over time with a
maximum at the time t3'. The harmonic component of the
received data indicated by the solid line has an intensity
rapidly decreasing over time with a maximum slightly after
the time t3'.

[0025] When a second ultrasonic pulse fm— with a rela-
tively intermediate focus and of a phase opposite to that of
the first ultrasonic pulse fm+ is transmitted at a time t4' after
a time period tTm from the time t3' as in the B mode, the
fundamental component of received data indicated by the
broken line in FIG. 16 has an intensity decreasing over time
with a maximum at the time t4'. The harmonic component of
the received data indicated by the solid line has an intensity
rapidly decreasing over time with a maximum slightly after
the time t4'".

[0026] Adding the first and second received data, the
fundamental components are canceled out because their
phases are opposite, and the harmonic components are
doubled because they are in phase. That is, solely the
harmonic components can be obtained.

[0027] When a first ultrasonic pulse fd+ with a relatively
deep focus is transmitted at a time t5' after a time period Tm
from the time t4' as in the B mode, the fundamental
component of received data indicated by the broken line in
FIG. 16 has an intensity decreasing over time with a
maximum at the time t5'. The harmonic component of the
received data indicated by the solid line has an intensity
rapidly decreasing over time with a maximum slightly after
the time t5'".

[0028] When a second ultrasonic pulse fd- with a rela-
tively deep focus and of a phase opposite to that of the first
ultrasonic pulse fd+ is transmitted at a time t6' after a time
period id from the time t5' as in the B mode, the fundamental
component of received data indicated by the broken line in
FIG. 16 has an intensity decreasing over time with a
maximum at the time t6'. The harmonic component of the
received data indicated by the solid line has an intensity
rapidly decreasing over time with a maximum slightly after
the time t6'".

[0029] Adding the first and second received data, the
fundamental components are canceled out because their
phases are opposite, and the harmonic components are
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doubled because they are in phase. That is, solely the
harmonic components can be obtained.

[0030] Then, a first ultrasonic pulse fs+ with a relatively
shallow focus is transmitted at a time t7' after a time period
td from the time t6' as in the B mode.

[0031] A similar operation is repeated thereafter.

[0032] In the harmonic mode in the conventional ultra-
sonic diagnostic apparatus, transmission timing for the ultra-
sonic pulses is the same as that in the B mode.

[0033] However, the transmission timing for the ultrasonic
pulses in the B mode is such that a next ultrasonic pulse is
transmitted when the fundamental component of received
data for a previous ultrasonic pulse decreases to a negligible
level using a small gain. If the same timing is employed in
the harmonic mode in which the gain is increased, the next
ultrasonic pulse is transmitted when the fundamental com-
ponent of received data for the previous ultrasonic pulse has
not decreased to a negligible level.

[0034] Thus, the filtering technique has a problem that a
good harmonic image cannot be obtained because the sub-
sidiary fundamental component has a fundamental compo-
nent of received data for a previous ultrasonic pulse intrud-
ing at a considerable intensity.

[0035] In the phase inversion technique, although the
fundamental components are to be canceled out by addition,
the fundamental component of received data for the ultra-
sonic pulse fs— intrudes, for example, when the ultrasonic
pulse fm+ is transmitted; and the fundamental component of
received data for the ultrasonic pulse fm+ intrudes when the
ultrasonic pulse fm- is transmitted, as shown in FIG. 16.
Thus, the intruding fundamental components cannot be
canceled out because they are different, thereby also posing
a problem that a good harmonic image cannot be obtained.

SUMMARY OF THE INVENTION

[0036] It is therefore an object of the present invention to
provide an ultrasonic imaging method and ultrasonic diag-
nostic apparatus that eliminate a problem that a good har-
monic image cannot be obtained due to a fundamental
component of received data for a previous ultrasonic pulse
intruding into a fundamental component of received data for
a current ultrasonic pulse with a considerable intensity.

[0037] The present invention, in accordance with its first
aspect, provides an ultrasonic imaging method for transmit-
ting an ultrasonic pulse into a subject and receiving an
ultrasonic echo from the subject corresponding to said
ultrasonic pulse to generate received data, and acquiring
harmonic-mode data employing a harmonic component
from said received data, characterized in comprising: after
transmitting an ultrasonic pulse to a focus on a certain
acoustic line, transmitting a next ultrasonic pulse at a time
interval such that no effect is received from an ultrasonic
echo associated with said former ultrasonic pulse.

[0038] Inthe ultrasonic imaging method of the first aspect,
since a next ultrasonic pulse is transmitted at a sufficient
time interval after transmitting an ultrasonic pulse to a focus
on a certain acoustic line, a fundamental component of
received data for a previous ultrasonic pulse is prevented
from intruding into a fundamental component of received
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data for a current ultrasonic pulse at a considerable intensity.
Therefore, a good harmonic image can be obtained.

[0039] The present invention, in accordance with its sec-
ond aspect, provides an ultrasonic imaging method for
transmitting an ultrasonic pulse into a subject and receiving
an ultrasonic echo from the subject corresponding to said
ultrasonic pulse to generate received data, and acquiring
harmonic-mode data employing a harmonic component
from said received data, characterized in comprising: after
transmitting an ultrasonic pulse to a focus on a certain
acoustic line, transmitting a next ultrasonic pulse to a focus
on an acoustic line spaced apart to a degree such that an
ultrasonic pulse associated with said former ultrasonic pulse
is negligible.

[0040] In the ultrasonic imaging method of the second
aspect, since a next ultrasonic pulse is transmitted to a next
focus sufficiently spaced apart after transmitting an ultra-
sonic pulse to a focus on a certain acoustic line, a funda-
mental component of received data for a previous ultrasonic
pulse is prevented from intruding into a fundamental com-
ponent of received data for a current ultrasonic pulse at a
considerable intensity. Therefore, a good harmonic image
can be obtained.

[0041] The present invention, in accordance with its third
aspect, provides an ultrasonic imaging method for transmit-
ting a first ultrasonic pulse into a subject and receiving a first
ultrasonic echo from the subject corresponding to said first
ultrasonic pulse to generate first received data; next trans-
mitting a second ultrasonic pulse of a phase opposite to that
of said first ultrasonic pulse into the subject and receiving a
second ultrasonic echo from the subject corresponding to
said second ultrasonic pulse to generate second received
data; and acquiring harmonic-mode data based on a sum of
said first and second received data, characterized in com-
prising: after transmitting said first ultrasonic pulse, trans-
mitting said second ultrasonic pulse at a time interval such
that said second ultrasonic echo is not affected by said first
ultrasonic pulse.

[0042] In the ultrasonic imaging method of the third
aspect, since the second ultrasonic pulse is transmitted at a
sufficient time interval after transmitting the first ultrasonic
pulse, a fundamental component of received data for the first
ultrasonic pulse is prevented from intruding into a funda-
mental component of received data for the second ultrasonic
pulse at a considerable intensity. Therefore, a good harmonic
image can be obtained.

[0043] The present invention, in accordance with its fourth
aspect, provides an ultrasonic imaging method for transmit-
ting a first ultrasonic pulse into a subject and receiving a first
ultrasonic echo from the subject corresponding to said first
ultrasonic pulse to generate first received data; next trans-
mitting a second ultrasonic pulse of a phase opposite to that
of said first ultrasonic pulse into the subject and receiving a
second ultrasonic echo from the subject corresponding to
said second ultrasonic pulse to generate second received
data; and acquiring harmonic-mode data based on a sum of
said first and second received data, characterized in com-
prising: sequentially transmitting said first ultrasonic pulse
to a plurality of foci on the same acoustic line, and then
sequentially transmitting said second ultrasonic pulse to the
plurality of foci on the same acoustic line.

[0044] In the ultrasonic imaging method of the fourth
aspect, since the fundamental component of received data
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for an ultrasonic pulse transmitted before the first ultrasonic
pulse, which component is to intrude into a fundamental
component of received data for the first ultrasonic pulse, and
the fundamental component of received data for an ultra-
sonic pulse transmitted before the second ultrasonic pulse,
which component is to intrude into a fundamental compo-
nent of received data for the second ultrasonic pulse, become
identical, the intruding fundamental components are can-
celed out by addition. Therefore, a good harmonic image can
be obtained.

[0045] The present invention, in accordance with its fifth
aspect, provides an ultrasonic imaging method for transmit-
ting a first ultrasonic pulse into a subject and receiving a first
ultrasonic echo from the subject corresponding to said first
ultrasonic pulse to generate first received data; next trans-
mitting a second ultrasonic pulse of a phase opposite to that
of said first ultrasonic pulse into the subject and receiving a
second ultrasonic echo from the subject corresponding to
said second ultrasonic pulse to generate second received
data; and acquiring harmonic-mode data based on a sum of
said first and second received data, characterized in com-
prising: between the transmission of said first ultrasonic
pulse and the transmission of said second ultrasonic pulse to
a certain focus, conducting transmission of said first or
second ultrasonic pulse to one or more foci on one or more
other acoustic lines.

[0046] In the ultrasonic imaging method of the fifth
aspect, since, after transmitting the first ultrasonic pulse, the
next ultrasonic pulse is transmitted to a next focus suffi-
ciently spaced apart, and then the second ultrasonic pulse is
transmitted, a fundamental component of received data for
a previous ultrasonic pulse is prevented from intruding into
fundamental components of received data for the first and
second ultrasonic pulses at a considerable intensity. There-
fore, the intruding fundamental component is prevented
from obstructing obtainment of a good harmonic image.

[0047] The present invention, in accordance with its sixth
aspect, provides the ultrasonic imaging method having the
aforesaid configuration, characterized in that the time
between transmission of an ultrasonic pulse and transmis-
sion of a next ultrasonic pulse is shortened as a correspond-
ing focus is shallower.

[0048] In the ultrasonic imaging method of the sixth
aspect, since the transmission interval for the ultrasonic
pulses is shortened when the focus is shallower and an
ultrasonic echo decays more rapidly, and the transmission
interval for the ultrasonic pulses is lengthened when the
focus is deeper and an ultrasonic echo decays more slowly,
the frame rate can be increased without any harm in imag-
ing.

[0049] The present invention, in accordance with its sev-
enth aspect, provides the ultrasonic imaging method having
the aforesaid configuration, characterized in that the trans-
mission interval for the ultrasonic pulses in a B mode is
shorter than the transmission interval for the ultrasonic
pulses in a harmonic mode for the same focus.

[0050] In the ultrasonic imaging method of the seventh
aspect, since the transmission interval for the ultrasonic
pulses is longer in the harmonic mode in which the gain is
larger, and the transmission interval for the ultrasonic pulses
is shorter in the B mode in which the gain is smaller, the
frame rate can be increased in the B mode without any harm
in imaging.
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[0051] The present invention, in accordance with its
eighth aspect, provides the ultrasonic imaging method hav-
ing the aforesaid configuration, characterized in that the
transmission interval for the ultrasonic pulses in a harmonic
mode is equal to the transmission interval for the ultrasonic
pulses in a B mode for the same focus.

[0052] In the ultrasonic imaging method of the eighth
aspect, since the transmission intervals for the ultrasonic
pulses in the harmonic mode and in the B-mode are equal,
the frame rate can be consistent.

[0053] The present invention, in accordance with its ninth
aspect, provides an ultrasonic diagnostic apparatus compris-
ing an ultrasonic probe; transmitting/receiving means for
driving said ultrasonic probe to transmit an ultrasonic pulse
into a subject and receive an ultrasonic echo from the subject
to output received data; harmonic-mode data generating
means for acquiring harmonic-mode data employing a har-
monic component from said received data; image producing
means for producing a harmonic-mode image based on said
harmonic-mode data; and display means for displaying said
harmonic-mode image, characterized in that said transmit-
ting/receiving means transmits, after transmitting an ultra-
sonic pulse to a focus on a certain acoustic line, a next
ultrasonic pulse at a time interval such that no effect is
received from an ultrasonic echo associated writh said former
ultrasonic pulse.

[0054] In the ultrasonic diagnostic apparatus of the ninth
aspect, the ultrasonic imaging method as described regard-
ing the first aspect can be suitably implemented.

[0055] The present invention, in accordance with its tenth
aspect, provides an ultrasonic diagnostic apparatus compris-
ing an ultrasonic probe; transmitting/receiving means for
driving said ultrasonic probe to transmit an ultrasonic pulse
into a subject and receive an ultrasonic echo from the subject
to output received data; harmonic-mode data generating
means for acquiring harmonic-mode data employing a har-
monic component from said received data; image producing
means for producing a harmonic-mode image based on said
harmonic-mode data; and display means for displaying said
harmonic-mode image, characterized in that said transmit-
ting/receiving means transmits, after transmitting an ultra-
sonic pulse to a focus on a certain acoustic line, a next
ultrasonic pulse to a focus on an acoustic line spaced apart
to a degree such that an ultrasonic pulse associated with said
former ultrasonic pulse is negligible.

[0056] In the ultrasonic diagnostic apparatus of the tenth
aspect, the ultrasonic imaging method as described regard-
ing the second aspect can be suitably implemented.

[0057] The present invention, in accordance with its elev-
enth aspect, provides an ultrasonic diagnostic apparatus
comprising an ultrasonic probe; transmitting/receiving
means for driving said ultrasonic probe to transmit an
ultrasonic pulse into a subject and receive an ultrasonic echo
from the subject to output received data; harmonic-mode
data generating means for acquiring harmonic-mode data
based on a sum of first received data corresponding to a first
ultrasonic pulse and second received data corresponding to
a second ultrasonic pulse of a phase opposite to said first
ultrasonic pulse; image producing means for producing a
harmonic-mode image based on said harmonic-mode data;
and display means for displaying said harmonic-mode
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image, characterized in that said transmitting/receiving
means transmits, after transmitting said first ultrasonic pulse,
said second ultrasonic pulse at a time interval such that said
second ultrasonic echo is not affected by said first ultrasonic
pulse.

[0058] In the ultrasonic diagnostic apparatus of the elev-
enth aspect, the ultrasonic imaging method as described
regarding the third aspect can be suitably implemented.

[0059] The present invention, in accordance with its
twelfth aspect, provides the ultrasonic diagnostic apparatus
having the aforesaid configuration, characterized in that said
transmitting/receiving means sequentially transmits said
first ultrasonic pulse to a plurality of foci on the same
acoustic line, and then sequentially transmits said second
ultrasonic pulse to the plurality of foci on the same acoustic
line.

[0060] Inthe ultrasonic diagnostic apparatus of the twelfth
aspect, the ultrasonic imaging method as described regard-
ing the fourth aspect can be suitably implemented.

[0061] The present invention, in accordance with its thir-
teenth aspect, provides the ultrasonic diagnostic apparatus
having the aforesaid configuration, characterized in that said
transmitting/receiving means conducts, between the trans-
mission of said first ultrasonic pulse and the transmission of
said second ultrasonic pulse to a certain focus, transmission
of said first or second ultrasonic pulse to one or more foci on
one or more other acoustic lines.

[0062] In the ultrasonic diagnostic apparatus of the thir-
teenth aspect, the ultrasonic imaging method as described
regarding the fifth aspect can be suitably implemented.

[0063] The present invention, in accordance with its four-
teenth aspect, provides the ultrasonic diagnostic apparatus
having the aforesaid configuration, characterized in that said
transmitting/receiving means shortens the time between
transmission of an ultrasonic pulse and transmission of a
next ultrasonic pulse as a corresponding focus is shallower.

[0064] In the ultrasonic diagnostic apparatus of the four-
teenth aspect, the ultrasonic imaging method as described
regarding the sixth aspect can be suitably implemented.

[0065] The present invention, in accordance with its fif-
teenth aspect, provides the ultrasonic diagnostic apparatus
having the aforesaid configuration, characterized in that said
transmitting/receiving means makes the transmission inter-
val of ultrasonic pulses in a B mode shorter than the
transmission interval of ultrasonic pulses in a harmonic
mode for the same focus.

[0066] In the ultrasonic diagnostic apparatus of the fif-
teenth aspect, the ultrasonic imaging method as described
regarding the seventh aspect can be suitably implemented.

[0067] The present invention, in accordance with its six-
teenth aspect, provides the ultrasonic diagnostic apparatus
having the aforesaid configuration, characterized in that said
transmitting/receiving means makes the transmission inter-
val of ultrasonic pulses in a harmonic mode equal to the
transmission interval of ultrasonic pulses in a B mode for the
same focus.

[0068] In the ultrasonic diagnostic apparatus of the six-
teenth aspect, the ultrasonic imaging method as described
regarding the eighth aspect can be suitably implemented.
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[0069] According to the ultrasonic imaging method and
ultrasonic diagnostic apparatus of the present invention, the
intrusion of a fundamental component of received data for a
previous ultrasonic pulse into a fundamental component of
received data for a current ultrasonic pulse at a considerable
intensity is prevented from obstructing obtainment of a good
harmonic image, and hence, a good harmonic image can be
obtained.

[0070] Further objects and advantages of the present
invention will be apparent from the following description of
the preferred embodiments of the invention as illustrated in
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0071] FIG. 1 is a configuration diagram showing an
ultrasonic diagnostic apparatus in accordance with a first
embodiment.

[0072] FIG. 2 is a timing chart showing the operation in
a B mode in the ultrasonic diagnostic apparatus in accor-
dance with the first embodiment.

[0073] FIG. 3 is a timing chart showing the operation in
a harmonic mode in the ultrasonic diagnostic apparatus in
accordance with the first embodiment.

[0074] FIG. 4 is a configuration diagram showing an
ultrasonic diagnostic apparatus in accordance with a second
embodiment.

[0075] FIG. 5 is a diagram for explaining acoustic lines
constituting a frame and foci on the acoustic lines.

[0076] FIG. 6 is a timing chart showing the operation in
a harmonic mode in the ultrasonic diagnostic apparatus in
accordance with the second embodiment.

[0077] FIG. 7 is a configuration diagram showing an
ultrasonic diagnostic apparatus in accordance with a third
embodiment.

[0078] FIG. 8 is a timing chart showing the operation in
a harmonic mode in the ultrasonic diagnostic apparatus in
accordance with the third embodiment.

[0079] FIG. 9 is a configuration diagram showing an
ultrasonic diagnostic apparatus in accordance with a fourth
embodiment.

[0080] FIG. 10 is a timing chart showing the operation in
a harmonic mode in the ultrasonic diagnostic apparatus in
accordance with the fourth embodiment.

[0081] FIG. 11 is a configuration diagram showing an
ultrasonic diagnostic apparatus in accordance with a fifth
embodiment.

[0082] FIG. 12 is a diagram for explaining acoustic lines
constituting a frame and foci on the acoustic lines.

[0083] FIG. 13 is a timing chart showing the operation in
a harmonic mode in the ultrasonic diagnostic apparatus in
accordance with the fifth embodiment.

[0084] FIG. 14 is a timing chart showing the operation in
a B mode in a conventional ultrasonic diagnostic apparatus.

[0085] FIG. 15 is a timing chart showing the operation in
a harmonic mode according to a filtering technique in the
conventional ultrasonic diagnostic apparatus.
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[0086] FIG. 16 is a timing chart showing the operation in
a harmonic mode according to a phase inversion technique
in the conventional ultrasonic diagnostic apparatus.

DETAILED DESCRIPTION OF THE
INVENTION

[0087] The present invention will now be described in
more detail with reference to several embodiments shown in
the accompanying drawings.

[0088] First Embodiment

[0089] FIG. 1 is a configuration diagram showing an
ultrasonic diagnostic apparatus in accordance with a first
embodiment.

[0090] The ultrasonic diagnostic apparatus 10 comprises
an ultrasonic probe 1, a transmitting/receiving section 12 for
driving the ultrasonic probe 1 to transmit an ultrasonic pulse
into a subject and receive an ultrasonic echo from the subject
to output received data, a filtering section 13 for acquiring
harmonic-mode data employing a harmonic component
from the received data, a mode switching section 4 for
switching between a B mode and a harmonic mode, a
B-mode processing section 5 for generating image data from
the received data or harmonic-mode data, a DSC 6 for
generating image display data, and a CRT 7 for displaying
an image.

[0091] FIG.?2 is an explanatory diagram showing imaging
timing when a B mode is selected at the mode switching
section 4.

[0092] In FIG. 2, a fundamental component is indicated
by a solid line and a harmonic component by a broken line
because the fundamental component is principal and the
harmonic component is subsidiary in the B mode.

[0093] When an ultrasonic pulse fs with a relatively shal-
low (e.g., 5 ¢m) focus is transmitted at a time tl, the
fundamental component of received data (i.e., a component
of received data having the same frequency as the transmis-
sion frequency) indicated by the solid line in FIG. 2 has an
intensity decreasing over time with a maximum at the time
t1. The harmonic component (i.e., a component of received
data having a frequency twice as high as the transmission
frequency) of the received data indicated by the broken line
has an intensity rapidly decreasing over time with a maxi-
mum slightly after the time t1.

[0094] A time t2 is a time point when the intensity of the
fundamental component of the received data for the ultra-
sonic pulse fs transmitted at the time tl decreases to a
negligible level (e.g., the component becomes smaller than
a noise component or a detection sensitivity).

[0095] When an ultrasonic pulse fm with a relatively
intermediate (e.g., 10 em) focus is transmitted at the time t2,
the fundamental component of received data indicated by
the solid line in FIG. 2 has an intensity decreasing over time
with a maximum at the time t2. The harmonic component of
the received data indicated by the broken line has an
intensity rapidly decreasing over time with a maximum
slightly after the time t2.

[0096] A time t3 is a time point when the intensity of the
fundamental component of the received data for the ultra-
sonic pulse fm transmitted at the time t2 decreases to a
negligible level.
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[0097] When an ultrasonic pulse fd with a relatively deep
(e.g., 15 em) focus is transmitted at the time t3, the funda-
mental component of received data indicated by the solid
line in FIG. 2 has an intensity decreasing over time with a
maximum at the time t3. The harmonic component of the
received data indicated by the broken line has an intensity
rapidly decreasing over time with a maximum slightly after
the time (3.

[0098] A time t4 is a time point when the intensity of the
fundamental component of the received data for the ultra-
sonic pulse fd transmitted at the time t3 decreases to a
negligible level.

[0099] When an ultrasonic pulse fs with a relatively shal-
low (¢.g., 5 ¢cm) focus is transmitted at the time t4, the
fundamental component of received data indicated by the
solid line in FIG. 2 has an intensity decreasing over time
with a maximum at the time t4. The harmonic component of
the received data indicated by the broken line has an
intensity rapidly decreasing over time with a maximum
slightly after the time t4.

[0100] A similar operation is repeated thereafter.

[0101] The frame rate is 1/(ts+tm+td)+N, where the
interval between the times t1 and t2 is represented by s, the
interval between the times t2 and t3 is represented by tm, the
interval between the times t3 and t4 is represented by td, the
ultrasonic pulses fs, fm and fd gives one acoustic line, and
the number of acoustic lines in one frame is N. Moreover,
Ts<tm<td.

[0102] If the transmission intervals for the ultrasonic
pulses fs, fm and fd are uniformly set to Ts, the received data
for the ultrasonic pulse fm remains at a considerable inten-
sity when reception of received data for the ultrasonic pulse
fd is started, compromising imaging. Moreover, the received
data for the ultrasonic pulse fd remains at a considerable
intensity when reception of received data for the ultrasonic
pulse fs is started, compromising imaging.

[0103] If the intervals are uniformly set to Tm, the received
data for the ultrasonic pulse fd remains at a considerable
intensity when reception of received data for the ultrasonic
pulse fs is started, compromising imaging.

[0104] On the other hand, the intervals uniformly set to td
do no harm in imaging.

[0105] However, the frame rate is 1/(3-td)+N, which is
lower than that in FIG. 2.

[0106] In other words, the ultrasonic pulses fs, fm and fd
are transmitted at timing as shown in FIG. 2 so that a higher
frame rate can be achieved.

[0107] FIG.3 is an explanatory diagram showing imaging
timing when a harmonic mode is selected at the mode
switching section 4.

[0108] In FIG. 3, a harmonic component is indicated by a
solid line and a fundamental component by a broken line
because the harmonic component is principal and the fun-
damental component is subsidiary in the harmonic mode.
Moreover, the gain is increased to acquire large harmonic
components that are inherently small, and accordingly, the
fundamental components become larger.
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[0109] When an ultrasonic pulse fs with a relatively shal-
low focus is transmitted at a time tl, the fundamental
component of received data indicated by the broken line in
FIG. 3 has an intensity decreasing over time with a maxi-
mum at the time t1. The harmonic component of the received
data indicated by the solid line has an intensity rapidly
decreasing over time with a maximum slightly after the time
t1.

[0110] A time T2 is a time point when the intensity of the
fundamental component of the received data for the ultra-
sonic pulse fs transmitted at the time tl decreases to a
negligible level. Since the fundamental component is larger
than that in the B mode as described above, the time period
(ts+As) from the time tl to the time T2 is longer than the
time period Ts in the B mode.

[0111] When an ultrasonic pulse fm with a relatively
intermediate focus is transmitted at the time T2, the funda-
mental component of received data indicated by the broken
line in FIG. 3 has an intensity decreasing over time with a
maximum at the time T2. The harmonic component of the
received data indicated by the solid line has an intensity
rapidly decreasing over time with a maximum slightly after
the time T2.

[0112] A time T3 is a time point when the intensity of the
fundamental component of the received data for the ultra-
sonic pulse fm transmitted at the time T2 decreases to a
negligible level. Since the fundamental component is larger
than that in the B mode as described above, the time period
(tm+Am) from the time T2 to the time T3 is longer than the
time period Tm in the B mode.

[0113] When an ultrasonic pulse fd with a relatively deep
focus is transmitted at the time T3, the fundamental com-
ponent of received data indicated by the broken line in FIG.
3 has an intensity decreasing over time with a maximum at
the time T3. The harmonic component of the received data
indicated by the solid line has an intensity rapidly decreasing
over time with a maximum slightly after the time T3.

[0114] A time T4 is a time point when the intensity of the
fundamental component of the received data for the ultra-
sonic pulse fd transmitted at the time T3 decreases to a
negligible level. Since the fundamental component is larger
than that in the B mode as described above, the time period
(td+Ad) from the time T3 to the time T4 is longer than the
time period td in the B mode.

[0115] When an ultrasonic pulse fs with a relatively shal-
low focus is transmitted at the time T4, the fundamental
component of received data indicated by the broken line in
FIG. 3 has an intensity decreasing over time with a maxi-
mum at the time T4. The harmonic component of the
received data indicated by the solid line has an intensity
rapidly decreasing over time with a maximum slightly after
the time T4.

[0116] A similar operation is repeated thereafter.

[0117] The frame rate is 1/(ts+As+tm+Am+td+Ad)+N,
where the ultrasonic pulses fs, fm and fd gives one acoustic
line, and the number of acoustic lines in one frame is N.
Moreover, Ts+As<tm+Am<td+Ad.

[0118] If the transmission intervals for the ultrasonic
pulses fs, fm and fd are uniformly set to Ts+As, the received
data for the ultrasonic pulse fm remains at a considerable
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intensity when reception of received data for the ultrasonic
pulse fd is started, compromising imaging. Moreover, the
received data for the ultrasonic pulse fd remains at a
considerable intensity when reception of received data for
the ultrasonic pulse fs is started, compromising imaging.

[0119] If the intervals are uniformly set to Tm+Am, the
received data for the ultrasonic pulse fd remains at a
considerable intensity when reception of received data for
the ultrasonic pulse fs is started, compromising imaging.

[0120] On the other hand, the intervals uniformly set to
td+Ad do no harm in imaging.

[0121] However, the frame rate is 1/{3-(xd+Ad)}+N,
which is lower than that in FIG. 3.

[0122] In other words, by transmitting the ultrasonic
pulses fs, fm and fd at timing as shown in FIG. 3, a high
frame rate can be achieved. Moreover, since a current
ultrasonic pulse is transmitted after the fundamental com-
ponent of received data for a previous ultrasonic pulse has
decreased to a negligible intensity, harm due to intrusion is
prevented, thus providing a good harmonic image.

[0123] Second Embodiment

[0124] FIG. 4 is a configuration diagram showing an
ultrasonic diagnostic apparatus in accordance with a second
embodiment.

[0125] The ultrasonic diagnostic apparatus 20 comprises
an ultrasonic probe 1, a transmitting/receiving section 22 for
driving the ultrasonic probe 1 to transmit an ultrasonic pulse
into a subject and receive an ultrasonic echo from the subject
to output received data, a filtering section 13 for acquiring
harmonic-mode data employing a harmonic component
from the received data, a mode switching section 4 for
switching between a B mode and a harmonic mode, a
B-mode processing section 5 for generating image data from
the received data or harmonic-mode data, a DSC 6 for
generating image display data, and a CRT 7 for displaying
an image.

[0126] The imaging timing when the B mode is selected at
the mode switching section 4 is the same as that in FIG. 2
(first embodiment).

[0127] FIG. 5 is a conceptual diagram of acoustic lines
constituting one frame.

[0128] It is assumed that one acoustic line is acquired by
an ultrasonic pulse fs with a shallow focus, an ultrasonic
pulse fm with an intermediate focus, and an ultrasonic pulse
fd with a deep focus, and one frame is formed by acoustic
lines #0-#5 in different directions.

[0129] FIG. 6 is an explanatory diagram showing imaging
timing when a harmonic mode is selected at the mode
switching section 4.

[0130] When an ultrasonic pulse #0fs with a relatively
shallow focus on the acoustic line #0 is transmitted at a time
t1, the fundamental component of received data indicated by
the broken line in FIG. 6 has an intensity decreasing over
time with a maximum at the time tl. The harmonic com-
ponent of the received data indicated by the solid line has an
intensity rapidly decreasing over time with a maximum
slightly after the time t1.
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[0131] A time t2 is after a time period Ts from the time t1
as in the B mode.

[0132] When an ultrasonic pulse #3fs with a relatively
shallow focus on the acoustic line #3 is transmitted at the
time t2, the fundamental component of received data indi-
cated by the broken line in FIG. 6 has an intensity decreas-
ing over time with a maximum at the time t2. The harmonic
component of the received data indicated by the solid line
has an intensity rapidly decreasing over time with a maxi-
mum slightly after the time t2.

[0133] The time period ts from the time t1 to the time t2
is the same as that in the B mode in spite of the larger
fundamental component. However, since the acoustic lines
#0 and #3 are in different directions, even if the fundamental
component for the ultrasonic pulse #0fs intrudes into the
fundamental component for the ultrasonic pulse #3fs, it is at
a negligible degree.

[0134] Atime t3' is after a time period ts from the time t2.

[0135] When an ultrasonic pulse #0fm with a relatively
intermediate focus on the acoustic line #0 is transmitted at
the time t3', the fundamental component of received data
indicated by the broken line in FIG. 6 has an intensity
decreasing over time with a maximum at the time t3'. The
harmonic component of the received data indicated by the
solid line has an intensity rapidly decreasing over time with
a maximum slightly after the time t3'.

[0136] The time period Ts from the time t2 to the time t3'
is the same as that in the B mode in spite of the larger
fundamental component. However, since the acoustic lines
#0 and #3 are in different directions, even if the fundamental
component for the ultrasonic pulse #3fs intrudes into the
fundamental component for the ultrasonic pulse #0fm, it is
at a negligible degree.

[0137] A time t4' is after a time period Tm from the time
t3'.

[0138] When an ultrasonic pulse #3fm with a relatively
intermediate focus on the acoustic line #3 is transmitted at
the time t4', the fundamental component of received data
indicated by the broken line in FIG. 6 has an intensity
decreasing over time with a maximum at the time t4'. The
harmonic component of the received data indicated by the
solid line has an intensity rapidly decreasing over time with
a maximum slightly after the time t4'.

[0139] The time period Tm from the time t3' to the time t4'
is the same as that in the B mode in spite of the larger
fundamental component. However, since the acoustic lines
#0 and #3 are in different directions, even if the fundamental
component for the ultrasonic pulse #0fm intrudes into the
fundamental component for the ultrasonic pulse #3fm, it is
at a negligible degree.

[0140] A time t5'is after a time period Tm from the time
4

[0141] When an ultrasonic pulse #0fd with a relatively
deep focus on the acoustic line #0 is transmitted at the time
t5', the fundamental component of received data indicated
by the broken line in FIG. 6 has an intensity decreasing over
time with a maximum at the time t5'. The harmonic com-
ponent of the received data indicated by the solid line has an
intensity rapidly decreasing over time with a maximum
slightly after the time tS§'.
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[0142] The time period tm from the time t4' to the time t5'
is the same as that in the B mode in spite of the larger
fundamental component. However, since the acoustic lines
#0 and #3 are in different directions, even if the fundamental
component for the ultrasonic pulse #3fm intrudes into the
fundamental component for the ultrasonic pulse #0£d, it is at
a negligible degree.

[0143] A time t6'is after a time period id from the time t5'.

[0144] When an ultrasonic pulse #3fd with a relatively
deep focus on the acoustic line #3 is transmitted at the time
t6', the fundamental component of received data indicated
by the broken line in FIG. 6 has an intensity decreasing over
time with a maximum at the time t6'. The harmonic com-
ponent of the received data indicated by the solid line has an
intensity rapidly decreasing over time with a maximum
slightly after the time t6'.

[0145] The time period td from the time t5' to the time t6'
is the same as that in the B mode in spite of the larger
fundamental component. However, since the acoustic lines
#0 and #3 are in different directions, even if the fundamental
component for the ultrasonic pulse #0fd intrudes into the
fundamental component for the ultrasonic pulse #31d, it is at
a negligible degree.

[0146] Atime t7'is after a time period ©d from the time t6'.

[0147] When an ultrasonic pulse #lfs with a relatively
shallow focus on the acoustic line #1 is transmitted at the
time t7', the fundamental component of received data indi-
cated by the broken line in FIG. 6 has an intensity decreas-
ing over time with a maximum at the time t7'. The harmonic
component of the received data indicated by the solid line
has an intensity rapidly decreasing over time with a maxi-
mum slightly after the time t7'.

[0148] The time period td from the time t6' to the time t7'
is the same as that in the B mode in spite of the larger
fundamental component. However, since the acoustic lines
#1 and #3 are in different directions, even if the fundamental
component for the ultrasonic pulse #3fd intrudes into the
fundamental component for the ultrasonic pulse #1fs, it is at
a negligible degree.

[0149] A similar operation is repeated thereafter.

[0150] The frame rate is 1/(ts+tm+td)+N, i.e., a frame
rate as high as that in the B-mode can be achieved. More-
over, since a current ultrasonic pulse is transmitted to a focus
on an acoustic line in a different direction such that the
fundamental component of received data for a previous
ultrasonic pulse can be neglected, harm due to intrusion is
prevented, thus providing a good harmonic image.

[0151] Third Embodiment

[0152] FIG. 7 is a configuration diagram showing an
ultrasonic diagnostic apparatus in accordance with a third
embodiment.

[0153] The ultrasonic diagnostic apparatus 30 comprises
an ultrasonic probe 1, a transmitting/receiving section 32 for
driving the ultrasonic probe 1 to transmit an ultrasonic pulse
into a subject and receive an ultrasonic echo from the subject
to output received data, a memory 8 for storing first received
data corresponding to a first ultrasonic pulse, an adder 9 for
acquiring harmonic-mode data by adding second received
data corresponding to a second ultrasonic pulse of a phase
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opposite to the first ultrasonic pulse and the first received
data stored in the memory 8, a mode switching section 4 for
switching between a B mode and a harmonic mode, a
B-mode processing section 5 for generating image data from
the received data or harmonic-mode data, a DSC 6 for
generating image display data, and a CRT 7 for displaying
an image.

[0154] The imaging timing when the B mode is selected at
the mode switching section 4 is the same as that in FIG. 2
(first embodiment).

[0155] FIG. 8 is an explanatory diagram showing imaging
timing when a harmonic mode is selected at the mode
switching section 4.

[0156] When a first ultrasonic pulse fs+ with a relatively
shallow focus is transmitted at a time tl, the fundamental
component of first received data indicated by the broken line
in FIG. 8 has an intensity decreasing over time with a
maximum at the time t1. The harmonic component of the
first received data indicated by the solid line has an intensity
rapidly decreasing over time with a maximum slightly after
the time t1.

[0157] A time t2" is a time point when the intensity of the
fundamental component of the first received data for the first
ultrasonic pulse fs+ transmitted at the time t1 decreases to a
negligible level. Since the fundamental component is larger
than that in the B mode as described above, the time period
(ts+9s) from the time t1 to the time t2" is longer the time
period Ts in the B mode.

[0158] When a second ultrasonic pulse fs— with a rela-
tively shallow focus and of a phase opposite to that of the
first ultrasonic pulse fs+ is transmitted at the time t2", the
fundamental component of second received data indicated
by the broken line in FIG. 8 has an intensity decreasing over
time with a maximum at the time t2". The harmonic com-
ponent of the second received data indicated by the solid line
has an intensity rapidly decreasing over time with a maxi-
mum slightly after the time t2".

[0159] A time t3" is a time point when the intensity of the
fundamental component of the second received data for the
second ultrasonic pulse fs— transmitted at the time t2"
decreases to a negligible level. Since the fundamental com-
ponent is larger than that in the B mode as described above,
the time period (Ts+ds) from the time 2" to the time t3" is
longer the time period Ts in the B mode.

[0160] When a first ultrasonic pulse fm+ with a relatively
intermediate focus is transmitted at the time t3", the funda-
mental component of first received data indicated by the
broken line in FIG. 8 has an intensity decreasing over time
with a maximum at the time t3". The harmonic component
of the first received data indicated by the solid line has an
intensity rapidly decreasing over time with a maximum
slightly after the time t3".

[0161] A time t4" is a time point when the intensity of the
fundamental component of the first received data for the first
ultrasonic pulse fm+ transmitted at the time t3" decreases to
a negligible level. Since the fundamental component is
larger than that in the B mode as described above, the time
period (tTm+3m) from the time t3" to the time t4" is longer
the time period Tm in the B mode.
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[0162] When a second ultrasonic pulse fm— with a rela-
tively intermediate focus and of a phase opposite to that of
the first ultrasonic pulse fm+ is transmitted at the time t4",
the fundamental component of second received data indi-
cated by the broken line in FIG. 8 has an intensity decreas-
ing over time with a maximum at the time t4". The harmonic
component of the second received data indicated by the solid
line has an intensity rapidly decreasing over time with a
maximum slightly after the time t4".

[0163] A time t5" is a time point when the intensity of the
fundamental component of the second received data for the
second ultrasonic pulse fm- transmitted at the time t4"
decreases to a negligible level. Since the fundamental com-
ponent is larger than that in the B mode as described above,
the time period (tTm+dm) from the time t4" to the time t5"
is longer the time period Tm in the B mode.

[0164] When a first ultrasonic pulse fd+ with a relatively
deep focus is transmitted at the time t5", the fundamental
component of first received data indicated by the broken line
in FIG. 8 has an intensity decreasing over time with a
maximum at the time t5". The harmonic component of the
first received data indicated by the solid line has an intensity
rapidly decreasing over time with a maximum slightly after
the time t5".

[0165] A time t6" is a time point when the intensity of the
fundamental component of the first received data for the first
ultrasonic pulse fd+ transmitted at the time t5" decreases to
a negligible level. Since the fundamental component is
larger than that in the B mode as described above, the time
period (td+dd) from the time t5" to the time t6" is longer the
time period td in the B mode.

[0166] When a second ultrasonic pulse fd- with a rela-
tively deep focus and of a phase opposite to that of the first
ultrasonic pulse fd+ is transmitted at the time t6", the
fundamental component of second received data indicated
by the broken line in FIG. 8 has an intensity decreasing over
time with a maximum at the time t6". The harmonic com-
ponent of the second received data indicated by the solid line
has an intensity rapidly decreasing over time with a maxi-
mum slightly after the time t6".

[0167] A similar operation is repeated thereafter.

[0168] Adding the first and second received data at the
adder 9, the fundamental components are canceled out
because their phases are opposite, and the harmonic com-
ponents are doubled because they are in phase. That is,
solely the harmonic components can be obtained.

[0169] In the phase inversion technique shown in FIG. 8,
since the fundamental component of received data for a
previous ultrasonic pulse is decreased to a negligible inten-
sity when transmitting a certain ultrasonic pulse, the previ-
ous fundamental component is prevented from intruding,
thus providing a good harmonic image.

[0170] Fourth Embodiment

[0171] FIG. 9 is a configuration diagram showing an
ultrasonic diagnostic apparatus in accordance with a fourth
embodiment.

[0172] The ultrasonic diagnostic apparatus 40 comprises
an ultrasonic probe 1, a transmitting/receiving section 42 for
driving the ultrasonic probe 1 to transmit an ultrasonic pulse
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into a subject and receive an ultrasonic echo from the subject
to output received data, a memory 8s for storing first
received data corresponding to a first ultrasonic pulse with
a relatively shallow focus, a memory 8m for storing first
received data corresponding to a first ultrasonic pulse with
a relatively intermediate focus, a memory 84 for storing first
received data corresponding to a first ultrasonic pulse with
a relatively deep focus, a selector 43 for selecting from
among the memories 8s, 8m and 84, an adder 9 for acquiring
harmonic-mode data by adding second received data corre-
sponding to a second ultrasonic pulse of a phase opposite to
that of the first ultrasonic pulse and the first received data
selected by the selector 43, a mode switching section 4 for
switching between a B mode and a harmonic mode, a
B-mode processing section 5 for generating image data from
the received data or harmonic-mode data, a DSC 6 for
generating image display data, and a CRT 7 for displaying
an image.

[0173] The imaging timing when the B mode is selected at
the mode switching section 4 is the same as that in FIG. 2
(first embodiment).

[0174] FIG. 10 is an explanatory diagram showing imag-
ing timing when a harmonic mode is selected at the mode
switching section 4.

[0175] When a first ultrasonic pulse fs+ with a relatively
shallow focus is transmitted at a time tl, the fundamental
component of first received data indicated by the broken line
in FIG. 10 has an intensity decreasing over time with a
maximum at the time t1. The harmonic component of the
first received data indicated by the solid line has an intensity
rapidly decreasing over time with a maximum slightly after
the time t1.

[0176] A time t2 is after a time period Ts from the time t1
as in the B mode.

[0177] When a first ultrasonic pulse fm+ with a relatively
intermediate focus is transmitted at the time t2, the funda-
mental component of first received data indicated by the
broken line in FIG. 10 has an intensity decreasing over time
with a maximum at the time t2. The harmonic component of
the first received data indicated by the solid line has an
intensity rapidly decreasing over time with a maximum
slightly after the time t2.

[0178] A time t3 is after a time period Tm from the time t2
as in the B mode.

[0179] When a first ultrasonic pulse fd+ with a relatively
deep focus is transmitted at the time t3, the fundamental
component of first received data indicated by the broken line
in FIG. 10 has an intensity decreasing over time with a
maximum at the time t3. The harmonic component of the
first received data indicated by the solid line has an intensity
rapidly decreasing over time with a maximum slightly after
the time t3.

[0180] A time t4 is after a time period Td from the time t3
as in the B mode.

[0181] When a second ultrasonic pulse fs— with a rela-
tively shallow focus and of a phase opposite to that of the
first ultrasonic pulse fs+ is transmitted at the time t4, the
fundamental component of second received data indicated
by the broken line in FIG. 10 has an intensity decreasing
over time with a maximum at the time t4. The harmonic
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component of the second received data indicated by the solid
line has an intensity rapidly decreasing over time with a
maximum slightly after the time t4.

[0182] A time t5 is after a time period Ts from the time t4
as in the B mode.

[0183] When a second ultrasonic pulse fm- with a rela-
tively intermediate focus and of a phase opposite to that of
the first ultrasonic pulse fm+ is transmitted at the time t5, the
fundamental component of second received data indicated
by the broken line in FIG. 10 has an intensity decreasing
over time with a maximum at the time t5. The harmonic
component of the second received data indicated by the solid
line has an intensity rapidly decreasing over time with a
maximum slightly after the time t5.

[0184] A time t6 is after a time period Tm from the time t5
as in the B mode.

[0185] When a second ultrasonic pulse fd— with a rela-
tively deep focus and of a phase opposite to that of the first
ultrasonic pulse fd+ is transmitted at the time t6, the fun-
damental component of second received data indicated by
the broken line in FIG. 10 has an intensity decreasing over
time with a maximum at the time t6. The harmonic com-
ponent of the second received data indicated by the solid line
has an intensity rapidly decreasing over time with a maxi-
mum slightly after the time t6.

[0186] A time t7 is after a time period Td from the time t6
as in the B mode.

[0187] When a first ultrasonic pulse fs+ with a relatively
shallow focus on a next acoustic line is transmitted at the
time t7, the fundamental component of first received data
indicated by the broken line in FIG. 10 has an intensity
decreasing over time with a maximum at the time t7. The
harmonic component of the first received data indicated by
the solid line has an intensity rapidly decreasing over time
with a maximum slightly after the time t7.

[0188] A similar operation is repeated thereafter.

[0189] Adding the first and second received data at the
adder 9, the fundamental components are canceled out
because their phases are opposite, and the harmonic com-
ponents are doubled because they are in phase. That is,
solely the harmonic components can be obtained.

[0190] In the phase inversion technique shown in FIG. 10,
the fundamental component of received data for the ultra-
sonic pulse fs+ intrudes when transmitting the first ultra-
sonic pulse fm+ at the time t2, for example, and the
fundamental component of received data for the ultrasonic
pulse fs— intrudes when transmitting the second ultrasonic
pulse fm— at the time t5. Thus, since the intruding funda-
mental components are the same and of opposite phases,
they are canceled out, thereby providing a good harmonic
image.

[0191] Fifth Embodiment

[0192] FIG. 11 is a configuration diagram showing an
ultrasonic diagnostic apparatus in accordance with a fifth
embodiment.

[0193] The ultrasonic diagnostic apparatus 50 comprises
an ultrasonic probe 1, a transmitting/receiving section 52 for
driving the ultrasonic probe 1 to transmit an ultrasonic pulse

Mar. 27, 2003

into a subject and receive an ultrasonic echo from the subject
to output received data, a memory 8a for storing first
received data corresponding to a first ultrasonic pulse for a
certain acoustic line, a memory 8b for storing first received
data corresponding to a first ultrasonic pulse for another
acoustic line, a selector 53 for selecting from among the
memories 8a and 8b, an adder for acquiring harmonic-mode
data by adding second received data corresponding to a
second ultrasonic pulse of a phase opposite to that of the first
ultrasonic pulse, and a first received data selected by the
selector 53, a mode switching section 4 for switching
between a B mode and a harmonic mode, a B-mode pro-
cessing section 5 for generating image data from the
received data or harmonic-mode data, a DSC 6 for gener-
ating image display data, and a CRT 7 for displaying an
image.

[0194] The imaging timing when the B mode is selected at
the mode switching section 4 is the same as that in FIG. 2
(first embodiment).

[0195] FIG. 12 is a conceptual diagram of acoustic lines
constituting one frame.

[0196] 1t is assumed that one acoustic line is acquired by
an ultrasonic pulse fs with a shallow focus, an ultrasonic
pulse fm with an intermediate focus, and an ultrasonic pulse
fd with a deep focus, and one frame is formed by acoustic
lines #0-#5 in different directions.

[0197] FIG. 13 is an explanatory diagram showing imag-
ing timing when a harmonic mode is selected at the mode
switching section 4.

[0198] When a first ultrasonic pulse #0fs+ with a relatively
shallow focus on the acoustic line #0 is transmitted at a time
t1, the fundamental component of received data indicated by
the broken line in FIG. 13 has an intensity decreasing over
time with a maximum at the time t1. The harmonic com-
ponent of the received data indicated by the solid line has an
intensity rapidly decreasing over time with a maximum
slightly after the time t1.

[0199] A time t2 is after a time period ts from the time t1
as in the B mode.

[0200] When a first ultrasonic pulse #3fs+ with a relatively
shallow focus on the acoustic line #3 is transmitted at the
time t2, the fundamental component of received data indi-
cated by the broken line in FIG. 13 has an intensity
decreasing over time with a maximum at the time t2. The
harmonic component of the received data indicated by the
solid line has an intensity rapidly decreasing over time with
a maximum slightly after the time t2.

[0201] The time period Ts from the time t1 to the time t2
is the same as that in the B mode in spite of the larger
fundamental component. However, since the acoustic lines
#0 and #3 are in different directions, even if the fundamental
component for the ultrasonic pulse #0fs+ intrudes into the
fundamental component for the ultrasonic pulse #3fs+, it is
at a negligible degree.

[0202] A time t3'is after a time period s from the time t2.

[0203] When a second ultrasonic pulse #0fs— with a
relatively shallow focus on the acoustic line #0 and of a
phase opposite to that of the first ultrasonic pulse #0fs+ is
transmitted at the time t3', the fundamental component of
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received data indicated by the broken line in FIG. 13 has an
intensity decreasing over time with a maximum at the time
t3'. The harmonic component of the received data indicated
by the solid line has an intensity rapidly decreasing over
time with a maximum slightly after the time t3'.

[0204] The time period ts from the time (2 to the time t3'
is the same as that in the B mode in spite of the larger
fundamental component. However, since the acoustic lines
#0 and #3 are in different directions, even if the fundamental
component for the ultrasonic pulse #3fs+ intrudes into the
fundamental component for the ultrasonic pulse #0fs—, it is
at a negligible degree.

[0205] A time T4' is after a time period s from the time
t3'.

[0206] When a second ultrasonic pulse #3fs— with a
relatively shallow focus on the acoustic line #3 and of a
phase opposite to that of the first ultrasonic pulse #3fs+ is
transmitted at the time T4', the fundamental component of
received data indicated by the broken line in FIG. 13 has an
intensity decreasing over time with a maximum at the time
T4'. The harmonic component of the received data indicated
by the solid line has an intensity rapidly decreasing over
time with a maximum slightly after the time T4

[0207] The time period ts from the time t3' to the time T4’
is the same as that in the B mode in spite of the larger
fundamental component. However, since the acoustic lines
#0 and #3 are in different directions, even if the fundamental
component for the ultrasonic pulse #0fs— intrudes into the
fundamental component for the ultrasonic pulse #3fs—, it is
at a negligible degree.

[0208] A time T5'is after a time period ts from the time
T4'.

[0209] When a first ultrasonic pulse #0fm+ with a rela-
tively intermediate focus on the acoustic line #0 is trans-
mitted at the time T5', the fundamental component of
received data indicated by the broken line in FIG. 13 has an
intensity decreasing over time with a maximum at the time
T5'. The harmonic component of the received data indicated
by the solid line has an intensity rapidly decreasing over
time with a maximum slightly after the time T5'.

[0210] The time period ts from the time T4' to the time T5'
is the same as that in the B mode in spite of the larger
fundamental component. However, since the acoustic lines
#0 and #3 are in different directions, even if the fundamental
component for the ultrasonic pulse #3fs— intrudes into the
fundamental component for the ultrasonic pulse #0fm+, it is
at a negligible degree.

[0211] A time T6'is after a time period Tm from the time
TS'.

[0212] When a first ultrasonic pulse #3fm+ with a rela-
tively intermediate focus on the acoustic line #3 is trans-
mitted at the time T6', the fundamental component of
received data indicated by the broken line in FIG. 13 has an
intensity decreasing over time with a maximum at the time
T6'. The harmonic component of the received data indicated
by the solid line has an intensity rapidly decreasing over
time with a maximum slightly after the time T6'.

[0213] The time period Tm from the time T5' to the time
T6' is the same as that in the B mode in spite of the larger
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fundamental component. However, since the acoustic lines
#0 and #3 are in different directions, even if the fundamental
component for the ultrasonic pulse #0fm+ intrudes into the
fundamental component for the ultrasonic pulse #3fm+, it is
at a negligible degree.

[0214] A similar operation is repeated thereafter.

[0215] Adding the first and second received data at the
adder 9, the fundamental components are canceled out
because their phases are opposite, and the harmonic com-
ponents are doubled because they are in phase. That is,
solely the harmonic components can be obtained.

[0216] Inthe phase inversion technique shown in FIG. 13,
since a current ultrasonic pulse is transmitted to a focus on
an acoustic line in a different direction such that the funda-
mental component of received data for a previous ultrasonic
pulse can be neglected, harm due to intrusion is prevented,
thus providing a good harmonic image.

[0217] Many widely different embodiments of the inven-
tion may be constructed without departing from the spirit
and the scope of the present invention. It should be under-
stood that the present invention is not limited to the specific
embodiments described in the specification, except as
defined in the appended claims.

1. An ultrasonic diagnostic apparatus comprising:
an ultrasonic probe;

a transmitting/receiving device for driving said ultrasonic
probe to transmit an ultrasonic pulse into a subject and
receive an ultrasonic echo from the subject to output
received data;

a harmonic-mode data generating device for acquiring
harmonic-mode data employing a harmonic component
from said received data;

an image producing device for producing a harmonic-
mode image based on said harmonic-mode data; and

a display device for displaying said harmonic-mode
image, wherein said transmitting/receiving device
transmits, after transmitting an ultrasonic pulse to a
focus on a certain acoustic line, a next ultrasonic pulse
at a time interval such that no effect is received from an
ultrasonic echo associated with said former ultrasonic
pulse.

2. An ultrasonic diagnostic apparatus comprising:

an ultrasonic probe;

a transmitting/receiving device for driving said ultrasonic
probe to transmit an ultrasonic pulse into a subject and
receive an ultrasonic echo from the subject to output
received data;

a harmonic-mode data generating device for acquiring
harmonic-mode data employing a harmonic component
from said received data;

an image producing device for producing a harmonic-
mode image based on said harmonic-mode data; and

a display device for displaying said harmonic-mode
image, wherein said transmitting/receiving device
transmits, after transmitting an ultrasonic pulse to a
focus on a certain acoustic line, a next ultrasonic pulse
to a focus on an acoustic line spaced apart to a degree
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such that an ultrasonic pulse associated with said
former ultrasonic pulse is negligible.
3. An ultrasonic diagnostic apparatus comprising:

an ultrasonic probe;

a transmitting/receiving device for driving said ultrasonic
probe to transmit an ultrasonic pulse into a subject and
receive an ultrasonic echo from the subject to output
received data;

a harmonic-mode data generating device for acquiring
harmonic-mode data based on a sum of first received
data corresponding to a first ultrasonic pulse and sec-
ond received data corresponding to a second ultrasonic
pulse of a phase opposite to said first ultrasonic pulse;

an image producing device for producing a harmonic-
mode image based on said harmonic-mode data; and

a display device for displaying said harmonic-mode
image,

wherein said transmitting/receiving device transmits,
after transmitting said first ultrasonic pulse, said second
ultrasonic pulse at a time interval such that said second
ultrasonic echo is not affected by said first ultrasonic
pulse.
4. The ultrasonic diagnostic apparatus of any one of
claims 1 through 3, wherein said transmitting/receiving
device sequentially transmits said first ultrasonic pulse to a

12
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plurality of foci on the same acoustic line, and then sequen-
tially transmits said second ultrasonic pulse to the plurality
of foci on the same acoustic line.

§. The ultrasonic diagnostic apparatus of any one of
claims 1 through 3, wherein said transmitting/receiving
device conducts, between the transmission of said first
ultrasonic pulse and the transmission of said second ultra-
sonic pulse to a certain focus, transmission of said first or
second ultrasonic pulse to one or more foci on one or more
other acoustic lines.

6. The ultrasonic diagnostic apparatus of any one of
claims 1 through 3, wherein said transmitting/receiving
device shortens the time between transmission of an ultra-
sonic pulse and transmission of a next ultrasonic pulse as a
corresponding focus is shallower.

7. The ultrasonic diagnostic apparatus of any one of
claims 1 through 3, wherein said transmitting/receiving
device makes the transmission interval of ultrasonic pulses
in a B mode shorter than the transmission interval of
ultrasonic pulses in a harmonic mode for the same focus.

8. The ultrasonic diagnostic apparatus of any one of
claims 1 through 3, wherein said transmitting/receiving
device makes the transmission interval of ultrasonic pulses
in a harmonic mode equal to the transmission interval of
ultrasonic pulses in a B mode for the same focus.
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