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ULTRASONIC DIAGNOSING APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic diag-
nosing apparatus capable of increasing the rate at which data
1s acquired using a flat transmission beam and a plurality of
reception beams.

BACKGROUND ART

[0002] Inaconventional ultrasonic diagnosing apparatus, it
has been known that the center ofa spatial energy profile of an
ultrasound beam is substantially flattened at the target posi-
tion (see Patent document 1, for example). Thus, as shown in
FIG. 38 for example, the final shape of waveform outputted
from all of the transducer elements 106 is a composite wave-
form 107, which is determined by combining at least two
predetermined component waveforms 201.

[0003] Preferably, the composite waveforms 107 of respec-
tive channels are not completely the same, and as shown in
FIG. 39, they are formed as distinct component waveforms
201 corresponding to a plurality of separate ultrasound beams
202a, 2025, 202¢ . . . that are outputted substantially to all of
predetermined regions over the same period. A fat TX beam
104 (hereinafter referred to as a trapezoidal transmission
beam) is formed by the superimposition of these component
waveforms 201.

[0004] Patent document 1: JP 2006-506158 A (paragraphs

0014, 0033, 0043, FIGS. 2, 3, 21)

DISCLOSURE OF INVENTION
Problem to be Solved by the Invention

[0005] Intheconventional ultrasonic diagnosing apparatus,
however, in order to form the trapezoidal transmission beam,
at least two different predetermined waveforms need to be
combined to obtain the final shape of waveforms outputted
from the transducer elements. Consequently, high-voltage
driving circuits for driving the transducer elements have to be
configured using linear amplifiers, which results in high cost
and also high power consumption in comparison to a case of
using pulse amplifiers.

[0006] With the foregoing in mind, it is an object of the
present invention to provide an ultrasonic diagnosing appa-
ratus that allows the formation of a trapezoidal transmission
beam for improving a data acquisition rate at low cost by
using a plurality of parallel reception beams.

Means for Solving Problem

[0007] The ultrasonic diagnosing apparatus of the present
invention includes: a transducer array composed of a plurality
of arrayed transducer elements for transmitting ultrasound; a
plurality of driving circuits each provided for transmission
channels for driving each of the transducer elements; a trans-
mission trigger generator for generating a trigger pulse for
controlling each of the driving circuits; a parallel reception
beam former for processing reception signals from the trans-
ducer elements; a signal processor for processing an output
signal of the parallel reception beam former; and a control
unit for controlling the transmission trigger generator, the
parallel reception beam former and the signal processor. The
transmission trigger generator controls a width of the trigger
pulse independently for each of the transmission channels to
cause the driving circuit to output a driving pulse approxi-
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mating a predetermined weighting value assigned to an out-
put amplitude of each of the transmission channels in a trans-
mission aperture of the transducer array.

Effects of the Invention

[0008] According to the configuration described above,
since it is possible to configure a circuit for forming a trap-
ezoidal transmission beam at low cost by using pulse ampli-
fiers, a data acquisition rate can be increased easily by using
a plurality of parallel reception beams.

BRIEF DESCRIPTION OF DRAWINGS

[0009] FIG. 1 is a block diagram of an ultrasonic diagnos-
ing apparatus according to Embodiment 1 of the present
invention.

[0010] FIG. 2 is a diagram showing driving pulse wave-
forms outputted from driving circuits included in the ultra-
sonic diagnosing apparatus.

[0011] FIG. 31s ablock diagram showing a configuration of
the driving circuits.

[0012] FIG. 4A is a diagram showing an example of trigger
pulses inputted to the driving circuit and a driving pulse
waveform outputted from the driving circuit.

[0013] FIG. 4B is a diagram showing another example of
trigger pulses inputted to the driving circuit and a driving
pulse waveform outputted from the driving circuit.

[0014] FIG. 4C is a diagram showing another example of
trigger pulses inputted to the driving circuit and a driving
pulse waveform outputted from the driving circuit.

[0015] FIG. 5 is a diagram showing an example of an
impulse response of a subsystem of the ultrasonic diagnosing
apparatus according to Embodiment 1.

[0016] FIG. 6A is a diagram showing an example of a
driving pulse waveform of the ultrasonic diagnosing appara-
tus.

[0017] FIG. 6B is a diagram showing an example of a
driving pulse waveform of the ultrasonic diagnosing appara-
tus.

[0018] FIG. 7 is a diagram showing an example of output
waveforms of a subsystem of the ultrasonic diagnosing sys-
tem.

[0019] FIG. 8A is a diagram showing an example of a
driving pulse waveform of the ultrasonic diagnosing appara-
tus.

[0020] FIG. 8B is a diagram showing an example of a
driving pulse waveform of the ultrasonic diagnosing appara-
tus.

[0021] FIG. 9 is a diagram showing an example of output
waveforms of a subsystem of the ultrasonic diagnosing sys-
tem.

[0022] FIG. 10 is a diagram showing an example of an
impulse response of a subsystem of the ultrasonic diagnosing
apparatus.

[0023] FIG. 11A is a diagram showing an example of a
driving pulse waveform of the ultrasonic diagnosing appara-
tus.

[0024] FIG. 11B is a diagram showing an example of a
driving pulse waveform of the ultrasonic diagnosing appara-
tus.

[0025] FIG. 12 is a diagram showing an example of output
waveforms of a subsystem of the ultrasonic diagnosing appa-
ratus.
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[0026] FIG. 13 is an example of weighting values of the
ultrasonic diagnosing apparatus.

[0027] FIG. 14A is a diagram showing an example of beam
shapes of the ultrasonic diagnosing apparatus.

[0028] FIG.14B is a diagram showing an example of beam
shapes of the ultrasonic diagnosing apparatus.

[0029] FIG.14C is a diagram showing an example of beam
shapes of the ultrasonic diagnosing apparatus.

[0030] FIG. 15 is a diagram showing an example of depth
direction dependency of relative sound pressure level of the
ultrasonic diagnosing apparatus.

[0031] FIG. 16 is a diagram showing an example of beam
shapes of the ultrasonic diagnosing apparatus.

[0032] FIG. 17 is a diagram showing relative sensitivity of
transmission-reception directivity of two parallel reception in
a conventional ultrasonic diagnosing apparatus where
weighting values are uniform.

[0033] FIG. 18 is a diagram showing relative sensitivity of
transmission-reception directivity of two parallel reception in
the ultrasonic diagnosing apparatus according to Embodi-
ment 1 of the present invention.

[0034] FIG. 19 is a diagram showing an example in the
ultrasonic diagnosing apparatus where weighting values are
quantized.

[0035] FIG. 20 is a diagram showing a beam shape in the
ultrasonic diagnosing apparatus in a case of weighting values
in FIG. 19.

[0036] FIG. 21 is a diagram showing an example in the
ultrasonic diagnosing apparatus where weighting values are
quantized.

[0037] FIG. 22 is a diagram showing a beam shape in the
ultrasonic diagnosing apparatus in a case of weighting values
in FIG. 21.

[0038] FIG. 23 is a diagram showing an example in the
ultrasonic diagnosing apparatus where weighting values are
quantized.

[0039] FIG. 24 is a diagram showing a beam shape in the
ultrasonic diagnosing apparatus in a case of weighting values
in FIG. 23.

[0040] FIG. 25 is a diagram showing an example in the
ultrasonic diagnosing apparatus where weighting values are
quantized.

[0041] FIG. 26 is a diagram showing a beam shape in the
ultrasonic diagnosing apparatus in a case of weighting values
in FIG. 25.

[0042] FIG.27is ablock diagram of an ultrasonic diagnos-
ing apparatus according to Embodiment 2 of the present
invention.

[0043] FIG. 28A is a diagram showing an example of
weighting values in the ultrasonic diagnosing apparatus.
[0044] FIG. 28B is a diagram showing an example of
weighting values in the ultrasonic diagnosing apparatus.
[0045] FIG. 29 is a block diagram showing a diving circuit
of the ultrasonic diagnosing apparatus.

[0046] FIG. 30 is a diagram showing a trigger pulse input-
ted to a driving circuit of the ultrasonic diagnosing apparatus
and a diving pulse waveform outputted from the driving cir-
cuit.

[0047] FIG. 31 is a diagram showing driving pulse wave-
forms outputted from the driving circuits of the ultrasonic
diagnosing apparatus.

[0048] FIG. 32 is a diagram showing an example of an
impulse response of a subsystem of the ultrasonic diagnosing
apparatus.
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[0049] FIG. 33 is a block diagram showing a control unit of
the ultrasonic diagnosing apparatus.

[0050] FIG. 34 is a diagram showing an example of trans-
mission aperture weighting values of the ultrasonic diagnos-
ing apparatus.

[0051] FIG. 35 is a diagram showing an example of trans-
mission aperture weighting values of the ultrasonic diagnos-
ing apparatus.

[0052] FIG. 36 is a diagram showing an example of beam
shapes of the ultrasonic diagnosing apparatus.

[0053] FIG. 37 is a diagram showing an example of beam
shapes of the ultrasonic diagnosing apparatus.

[0054] FIG. 38 is a diagram showing waveforms emitted
from transducer elements of a conventional ultrasonic diag-
nosing apparatus.

[0055] FIG. 39 is a diagram showing beam shapes of the
conventional ultrasonic diagnosing apparatus.

DESCRIPTION OF REFERENCE NUMERALS

[0056] 1 transducer array

[0057] 2 transmission trigger signal generator

[0058] 3 parallel reception beam former

[0059] 4 signal processor

[0060] 5 display unit

[0061] 6 control unit

[0062] 21 to 26 delay pulse generator

[0063] 61 delay data generator

[0064] 62 delay data compensator

[0065] 63 adder

[0066] D1A to D6A, D1B to D6B driving circuit

[0067] T1-T6 transducer elements

[0068] TD1-TD6 transmission delay time

[0069] TG trigger signal group

[0070] TG1,TGla, TG1b, TG2a, TG2b, TG3a, TG3b trig-

ger pulse

[0071] W1a-W3a, W15-W3b driving pulse waveform
DESCRIPTION OF THE INVENTION

[0072] Based on the configuration as mentioned above, the

ultrasonic diagnosing apparatus of the present invention can
be modified as follows.

[0073] That is, in comparison to the trigger pulses inputted
to the driving circuits for the transmission channels corre-
sponding to a center portion and peripheral portions of the
transmission aperture of the transducer array, the trigger
pulses inputted to the driving circuits for the transmission
channels corresponding to intermediate areas between the
center portion and the peripheral portions preferably have a
narrower width. Due to this configuration, it is possible to
form a trapezoidal transmission beam with more precision.
[0074] Further, the weighting to the output amplitude of
each of the transmission channels may be controlled by con-
trolling independently for each of the transmission channels
the number of cycles of the trigger pulse inputted to the
driving circuit. Due to this configuration, itis possible to form
a trapezoidal transmission beam with more precision in a
system where the number of cycles of a trigger pulse is
relatively large as in the color Doppler mode.

[0075] Further, the weighting to the output amplitude of
each of the transmission channels may be controlled by con-
trolling independently for each of the transmission channels a
time phase of the trigger pulse inputted to the driving circuit
to be inverted.
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[0076] Further, the plurality of transducer elements of the
transducer array may be divided into three groups when being
driven, and with respect to a time phase of the trigger pulses
inputted to the driving circuits for a group at a center of the
transmission aperture, a time phase of the trigger pulses
inputted to the driving circuits for peripheral groups on both
sides of the center group may be inverted.

[0077] Further, the driving circuits may be ternary output
driving circuits, and the weighting value may be approxi-
mated by controlling independently for each of the transmis-
sion channels at least one of the width, the number of cycles
and the time phase of the trigger pulse.

[0078] Further, with respect to a relative coordinate X mea-
sured from a center of the array of the transducer array as a
starting point, the predetermined weighting value w (X) is
assigned by the following formula.

w(X)=SIN C(2X)+C

[0079] where -1=X=1 and 0.02=C=0.08.

[0080] Further, the weighting value w(X) may be dis-
cretized by a quantization unit value q (where 1/8=q=1).
[0081] Due to this configuration, even when controlling of
a trigger pulse width becomes difficult in relatively high
transmission frequencies and the accuracy of transmission
weighting values drops, a trapezoidal transmission beam can
be formed.

[0082] Further, when the discretized weighting value
becomes 0 over a plurality of adjacent transmission channels,
for some of the adjacent transmission channels where the
weighting value becomes 0, the weighting value is preferably
changed by the quantization unit value as a minimum unit.
[0083] Further, intervals between discretizations of the pre-
determined weighting value preferably are set to be longer as
an ultrasound transmission frequency becomes higher.
[0084] Further, a timing of the driving pulse may be shifted
by an amount of time corresponding to a %2 cycle when a
polarity of the predetermined weighting value is positive and
with respect to a case where the polarity is negative.

[0085] In this case, the driving circuits may be binary out-
put driving circuits. Due to this configuration, a trapezoidal
transmission beam can be formed by a simple driving circuit.
[0086] Further, time amount data corresponding to a %2
cycle may be added to or subtracted from delay data for
specifying the timing of the driving pulse in accordance with
the polarity of the predetermined weighting value.

[0087] Further, an output of each of the transmission chan-
nels may be controlled in accordance with an absolute
weighting value corresponding to an absolute value of the
predetermined weighting value.

[0088] Further, an absolute value of the predetermined
weighting value may be quantized, and for some of the trans-
mission channels where the quantized absolute weighting
value becomes 0, the absolute weighting value may be
changed by a minimum quantization unit.

[0089] Hereinafter, embodiments of the ultrasonic diag-
nosing apparatus of the present invention will be described
with reference to the drawings.

Embodiment 1

[0090] FIG. 1 shows an ultrasonic diagnosing apparatus
according to Embodiment 1 of the present invention. In FIG.
1, a transducer array 1 includes a plurality of arrayed trans-
ducer elements T1 to T6. The shape of the array of the trans-
ducerarray 1 may be a linear array, a convex array or a matrix
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array where the elements are arranged in two or more dimen-
sions. The transducer elements T1 to T6 are driven respec-
tively by driving circuits D1A to D6A through (transmission)
channels ch. 1 to ch. 6 so as to emit ultrasound beams. The
driving circuits D1A to D6A are controlled by trigger pulses
supplied from a transmission trigger generator 2 through a
trigger signal line group TG.

[0091] A parallel reception beam former 3 receives recep-
tion signals from the transducer elements T1 to T6. An output
of the parallel reception beam former 3 is subjected to signal
processing by a signal processor 4 and an image correspond-
ing to an output signal of the signal processor 4 is displayed
on a display unit 5. A control unit 6 controls the transmission
trigger generator 2, the parallel reception beam former 3, the
signal processor 4 and the display unit 5.

[0092] The basic operation of the ultrasonic diagnosing
apparatus configured as above will be described with refer-
ence to FIGS. 1to 4C.

[0093] First, FIG. 2 shows waveforms of driving pulses
Wla to Wéa outputted from the driving circuits D1A to D6 A
in a state where the transducer elements T1 to T6 are removed.
TD1 to TD6 assigned to the driving pulses Wla to Wéa
denote transmission delay times of the driving pulses Wla to
Wéa. Transmission beams transmitted from the transducer
elements Ti to T6 can be converged by varying the transmis-
sion delay times TD1 to TD6 in a predetermined manner.

[0094] In comparison to the driving pulses W3a and W4a
from channels ch. 3 and ch. 4 at the center of the transducer
array 1, the driving pulses W2a and W5« from channels ch. 2
and ch. 5 located on the periphery (intermediate region) of
channels ch. 3 and ch. 4 have a narrower pulse width. The
driving pulses Wla and Wéa from channels ch. 1 and ch. 6
located on the further periphery of channels ch. 3 and ch. 4
have a broader pulse width in comparison to the driving
pulses W2a and W5a. Meanwhile, the phases of the driving
pulses Wla and Wé6a from channels ch.1 and ch. 6 are
inverted from those of the driving pulses W2a to W5a from
channels ch. 2 to ch. 5.

[0095] FIG. 3 shows one example of the configuration of
the driving circuits D1A to D6A. Since the driving circuits
D1A to D6A have the same configuration, only the configu-
ration of the driving circuit D1A is shown in detail. The
driving circuits D1A to D6A are configured to form the driv-
ing pulses Wla to Wéa as described above, on the basis of
trigger pulses supplied from the transmission trigger genera-
tor 2.

[0096] The driving circuit D1A includes level shifters Sa,
Sb, a PMOS transistor TRa, a NMOS transistor TRb and a
load L1. Two trigger signal lines of the trigger signal line
group TG from the transmission trigger generator 2 are con-
nected respectively to the level shifters Sa, Sb to supply the
driving circuit D1A with trigger pulses TGla and TG14. One
end of the level shifter Sa is connected to a positive power
supply +HV and one end of the level shifter Sb is connected
to a negative power supply —HV. A node between the level
shifters Sa, Sb is connected to GND (ground potential).

[0097] Outputs from the level shifters Sa, Sb are inputted to
the gates of the PMOS transistor TRa and the NMOS transis-
tor TRb, respectively. The level shifters Sa, Sb shift the levels
of the trigger pulses TGla, TG1b as outputs of the low-
voltage transmission trigger generator 2 so that the trigger
pulses TGla, TG1b become suitable for the high-voltage
PMOS transistor TRa and NMOS transistor TRb.
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[0098] Thesource ofthe PMOS transistor TRa is connected
to the positive power supply +HV and the source of the
NMOS transistor TRb is connected to the negative power
supply -HV. The drains of the PMOS transistor TRa and the
NMOS transistor TRb are connected to each other, and they
are connected to the transducer element T1 as well as one end
of the load 1. The other end of the Ioad L1 is connected to
GND.

[0099] Next, with reference to FIGS. 4A to 4C, a descrip-
tion will be given on the driving pulses W1la to W3a from the
driving circuits D1A to D3A, which are based on trigger
pulses supplied respectively to the driving circuits D1A to
D3A.

[0100] FIG. 4A shows the relationship between the trigger
pulses TG1a, TG15, respectively supplied to the PMOS tran-
sistor TRa and the NMOS transistor TRb of the driving circuit
D1A for generating a gate waveform, and the driving pulse
Wla outputted from the driving circuit D1A.

[0101] In FIG. 4A, first, when the trigger pulse TG1b
changes from L to H, the NMOS transistor TRb is turned on
and the driving pulse W1a outputted from the driving circuit
D1A becomes —HV. Next, when the trigger pulse TG15
changes from H to L, the NMOS transistor TRb is turned off.
At the same time, since the trigger pulse TGla changes from
H to L, the PMOS transistor TRa is turned on and the driving
pulse Wla outputted from the driving circuit D1A becomes
+HV. Then, when the gate waveform TG1a changes from L to
H, the PMOS transistor TRa s turned off and the driving pulse
Wia from the driving circuit D1A becomes 0.

[0102] FIG. 4B shows the relationship between the trigger
pulses TG2a, TG2b supplied to the driving circuit D2A and
the driving pulse W2a outputted from the driving circuit
D2A. In FIG. 4B, first, when the trigger pulse TG2a changes
from H to L, the PMOS transistor TRa is turned on and the
driving pulse W2a outputted from the driving circuit D2A
becomes +HV.

[0103] Next, when the trigger pulse TG2a changes from L
to H, the PMOS transistor TRa is turned off and the driving
pulse W2a outputted from the driving circuit D2A becomes 0.
Subsequently, when the trigger pulse TG25 changes from L to
H, the NMOS transistor TRb is turned on and the driving
pulse W2a outputted from the driving circuit D2A becomes
-HV. Next, when the trigger pulse TG2b changes fromHto L,
the NMOS transistor TRb is turned off and the driving pulse
W2a outputted from the driving circuit D2A becomes O.

[0104] FIG. 4C shows the relationship between the trigger
pulses TG3a, TG3b supplied to the driving circuit D3A and
the driving pulse W3a outputted from the driving circuit
D3A. InFIG. 4C, first, when the trigger pulse TG3a changes
from H to L, the PMOS transistor TRa is turned on and the
driving pulse W3a outputted from the driving circuit D3A
becomes +HV.

[0105] Next, when the trigger pulse TG3a changes from L
to H, the PMOS transistor TRa is turned off. At the same time,
since the trigger pulse TG3b changes from L to

[0106] H, the NMOS transistor TRbD is turned on and the
driving pulse W3a outputted from the driving circuit D3A
becomes —HV. Next, when the trigger pulse TG3b changes
from H to L, the NMOS transistor TRb is turned off and the
driving pulse W3a outputted from the driving circuit D3A
becomes 0.
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[0107] With respect to the phases of the trigger pulses
TGla, TG1b of FIG. 4A, the phases of the trigger pulses
TG2a, TG2b of F1IG. 4B and the trigger pulses TG3a, TG3b
of FIG. 4C are inverted.

[0108] In this way, by independently controlling the width
and phase of each trigger pulse for each channel, the wave-
forms W1a to Wéa shown in FIG. 2 can be generated.
[0109] Next, hereinafter, changes in output when the
above-described driving pulses Wla to Wéa pass through
subsystems having bandpass properties, such as the trans-
ducer elements T1 to T6, will be described. Normally, sub-
systems such as the parallel reception beam former 3 and the
signal processor 4 also have bandpass properties.

[0110] FIG. 5 shows an example of an impulse response of
a subsystem having bandpass properties with a fractional
bandwidth of 0.6. Outputs from the subsystem having such an
impulse response are simulated by applying driving pulses of
various waveforms to the system.

[0111] First, the simulation results on an example of the
driving pulses shown in FIGS. 6A to 6B will be described.
The width of the driving pulse of FIG. 6B is %1 of the width
ofthe driving pulse of FIG. 6 A. FIG. 7 shows outputs from the
subsystem in this case. In FIG. 7, an output waveform E1A
indicated by a solid line corresponds to the driving pulse of
FIG. 6 A and an output waveform E1B indicated by a broken
line corresponds to the driving pulse of FIG. 6B. The ampli-
tude of the output waveform E1B is about %12 of the amplitude
of the output waveform E1A.

[0112] Next, the simulation results on an example of the
driving pulses shown in FIGS. 8§A to 8B will be described.
The width of the driving pulse of FIG. 8B is %5 of the width of
the driving pulse of FIG. 8A. FIG. 9 shows outputs from the
subsystem in this case. In FIG. 9, an output waveform E2A
indicated by a solid line corresponds to the driving pulse of
FIG. 8A and an output waveform E2B indicated by a broken
line corresponds to the driving pulse of FIG. 8B. The ampli-
tude of the output waveform E2B is about ¥z of the amplitude
of the output waveform E2A. In this way, by varying pulse
widths, the output amplitude of the subsystem can be con-
trolled.

[0113] Next, FIG. 10 shows an example of an impulse
response of a subsystem with a fractional bandwidth of 0.2. A
description will be given for a case where driving pulses
shown in FIGS. 11A and 11B are applied to the subsystem
with such an impulse response. The width of the driving pulse
of FIG. 11B is %1 of the width of the driving pulse of FIG.
11A. Further, the number of cycles of the driving pulse of
FIG. 11B is 2 and the number of cycles of the driving pulse of
FIG. 11A is 4.

[0114] FIG. 12 shows outputs from the subsystem in this
case. InFIG. 12, an output waveform E3 A indicated by a solid
line corresponds to the driving pulse of FIG. 11A and an
output waveform E3B indicated by a broken line corresponds
to the driving pulse of FIG. 11B. The amplitude of the output
waveform E3B is about Vs of the amplitude of the output
waveform E3A.

[0115] When the signal processor 4 has a narrow fractional
bandwidth such as in the color Doppler mode, it is possible to
change the output amplitude of the subsystem more finely by
varying the number of cycles of the trigger pulses as in the
above case.

[0116] Next, by taking the transducer array 1 as an
example, a description will be given on the output amplitude
of each of the transducer elements T1, T2, . . . and the hori-
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zontal distribution of relative sound pressure level of a trans-
mission beam on the focal plane of the beam (hereinafter
referred to as a beam shape). A predetermined weighting
value is set on the output amplitude of each channel in a
transmission aperture of the transducer array 1. It has been
well known that the beam shape is expressed by Fourier
transform of a distribution of weighting values assigned to the
output amplitudes of respective channels in the transmission
aperture (hereinafter referred to as “transmission aperture
weighting values™) or conversely the transmission aperture
weighting values can be expressed by inverse Fourier trans-
form of the beam shape. For this reason, to obtain a rectan-
gular beam shape, each transmission aperture weighting
value wo(X) is set as shown by Formula (1) and an output of
a transducer element is made proportional to this weighting
value wo(X).

wo(X)=sin(2nX)/2aX M

[0117] where X denotes a relative coordinate of the trans-
ducer element measured from the center of the transducer
array 1.

[0118] However, Formula (1) is not zero in the infinite
range of X. Therefore, in order to deal with the fact that the
size of the transducer array 1 is limited, it is necessary to limit
the value range of X. On the other hand, limiting the value of
X makes the beam shape unrectangular. Thus, in the present
embodiment, each transmission aperture weighting value
w(X) is set as shown by the following formula.

w(X)=SIN C(2X)+C @
[0119] where SIN C(2X)=sin(2nX)/21X

[0120] X=x/a

[0121] x denotes a positional coordinate of each transducer

element of the transducer array and 2a denotes the maximum
width of the transducer array. Thus,

-1=X=1 )
[0122] and the constant C is set as

0.02=C=0.08 4.
[0123] FIG. 13 shows an example of transmission aperture

weighting values assigned to a transmission aperture with 96
channels where -1=X=1. A broken line J0 indicates a case of
Formula (1), in other words, a case where C=0 in Formula (2)
and a solid line JA indicates a case where C=0.05 in Formula
(2). FIG. 14A shows beam shapes on the transmission focal
plane of the transducer array, and each beam shape corre-
sponds to each set of the transmission aperture weighting
values shown in FIG. 13. A broken line K0 corresponds to the
broken line J0 in FIG. 13 and a solid line KA corresponds to
the solidline JAin FIG. 13. As is clear from F1G. 14A, abeam
shape closer to a trapezoid is obtained in the case indicted by
the solid line KA where C=0.05, which beam shape is suited
for parallel reception.

[0124] A solid line KB in F1G. 14B indicates a beam shape
in a case where C=0.02 and a solid line KC in FIG. 14C
indicates a beam shape in a case where C=0.08. In compari-
son to a reduction in relative sound pressure level at the center
of the beam (indicated by the broken line K0) that occurs in
the case of Formula (1), in other words, when C=0 in Formula
(2), the amount of reduction in relative sound pressure level
G1 in FIG. 14B is smaller and also the amount of increase in
the level G2 in FIG. 14C is much smaller, meaning that a
desirable beam shape is obtained.
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[0125] FIGS.15t0 18 show effects of transmission aperture
weighting. The drawings show results on a comparison
between a case without weighting where the amplitude of
each channel is uniform and a case with weighting in Formula
).

[0126] FIG. 15 is a diagram showing the depth dependence
of the relative sound pressure level at the center of a trans-
mission beam. A solid line M0 indicates the case without
weighting where the amplitude of each channel is uniform
and a broken line MA indicates the case with weighting in
Formula (2). In comparison to the relative sound pressure
level in the case without weighting indicated by the solid line
MO, the relative sound pressure level in the case with weight-
ing indicted by the broken line MA has less depth dependence
and the sound pressure does not increase rapidly at the focal
point. As aresult, a desirable state of the beam shape with less
variation over a wide depth range is obtained. FIG. 16 shows
beam shapes on the transmission focal plane. In comparison
to the case without weighting indicated by a solid line N0, the
beam is thicker and has a trapezoidal shape in the case with
weighting indicated by a broken line NA.

[0127] FIG. 17 shows the relative sensitivity of transmis-
sion-reception directivity of two parallel reception in the case
without weighting. The intervals between transmission-re-
ception directionality B1L (the left side of the drawing) and
B1R (the right side of the drawing) corresponding to a first
transmission beam and transmission-reception directionality
B2L corresponding to a second transmission beam are not
even. This results in such problems as the development of a
lattice pattern on a tomogram to be obtained.

[0128] FIG. 18 shows the transmission-reception direction-
ality of two parallel reception in the case with weighting in
Formula (2). The intervals between transmission-reception
directionality B3L (the left side of the drawing) and B3R (the
right side of the drawing) corresponding to a third transmis-
sion beam and transmission-receptiondirectionality B4L cor-
responding to a fourth transmission beam are even. As a
result, the development of a lattice pattern on a tomogram to
be obtained is reduced significantly. It is desirable, in per-
forming parallel reception, to carry out such weighting to
achieve a wide and trapezoidal beam shape that varies less
throughout a wide depth range.

[0129] Next, the influences of quantizing weighting values
by a quantization unit value q will be described with reference
to FIGS. 19 to 22. A quantized weighting value is set on the
basis of Formula (5).

wq(x)=round(w(x)/xq (5)

[0130] where the function round 0 means that variables in
the parentheses are rounded off.

[0131] With regard to an aperture with 96 channels, a solid
line QO in FIG. 19 indicates weighting values when each
weighting value of Formula (2) is not quantized and a broken
line QA indicates weighting values when the quantization
unit value q=Y%.

[0132] FIG. 20 shows beam shapes corresponding to FIG.
19. A solid line F0 indicates the case without quantization
indicated by the solid line Q0 in FIG. 19 and a broken line FA
indicates the case with quantization indicated by the broken
line QA in F1G. 19. There is nearly no difference between the
case without quantization indicated by the solid line FO and
the case with quantization indicated by the broken line FA.
[0133] To achieve the transmission aperture weighting val-
ues shown in F1G. 19, the following may be performed. First,
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the trigger pulses are set such that their width is wide at the
center of the aperture of the transducer array, becomes narrow
towards the peripheral portions of the aperture and becomes
wide again in the further peripheral portions where weighting
values become negative. Further, transducers of the trans-
ducer array to be driven are divided into three groups. The
phases of trigger pulses inputted to the driving circuits for
driving the transducers in the group at the center of the trans-
mission aperture are set as a state A and the phases of trigger
pulses inputted to the driving circuits for driving transducers
in the peripheral groups adjacent to the group at the center and
where the weighting values are negative are set as a state B,
and the phases of'the trigger pulses in the state A whereby the
phases of the trigger pulses in the state B are inverted from
each other.

[0134] A broken line QB in FIG. 21 indicates weighting
values in a case where g=0.5 in Formula (5). Weighting values
of a plurality of channels in which they are negative are
rounded off to 0. A broken line FB in FIG. 22 indicates a
transmission beam shape obtained by using the quantized
weighting values indicated by the broken line QB in F1G. 21,
where a trapezoidal transmission beam shape is not obtained.
[0135] A broken line QC in FIG. 23 indicates weighting
values in a case where q=0.5 in Formula (5) and further the
weighting values at channels 9, 13, 17, 81, 85 and 89 are
changed to -0.5 on the basis of a minimum quantization
value. A broken line FC in FIG. 24 indicates a transmission
beam shape obtained by using the weighting values indicated
by the broken line QC in FIG. 23, where a trapezoidal trans-
mission beam shape is obtained.

[0136] Inthis way, when the transmission weighting values
of the transducer array are discretized and the discrete weight
values become 0 over a plurality of adjacent channels, for
some of the adjacent channels where the weighting values
become 0, the weighting values are changed by the minimum
quantization value. As a result, a trapezoidal beam shape can
be obtained. The weighting values indicated by the broken
line QC in FIG. 23 are +1, +0.5, 0 and -0.5 (phase inversion)
and they can be approximated by using the driving pulse
waveforms shown in FIGS. 8A and 8B.

[0137] The broken line QD in FIG. 25 indicates weighting
values in a case where q=1 in Formula (5) and the weighting
values at channels 12, 16, 81 and 85 are set 1o —1. A broken
line FD in FIG. 26 indicates a transmission beam shape
obtained by using the weighting values indicated by the bro-
ken line QD in FIG. 25, where a trapezoidal beam shape is
obtained. The weighting values indicated by the broken line
QD in FIG. 25 can be achieved by a ternary driving circuit
whose output has states of 1, 0 and -1 (phase inversion).
[0138] As described above, in the case where the absolute
maximum value of the weighting values is about 1 as in
Formula (2), by setting the quantization unit value q of the
weighting values to satisfy 4=q=1 and changing the
weighting values by the quantization minimum value for
some of the adjacent channels where the weight values quan-
tized by the quantization unit value q become 0, a trapezoidal
beam shape can be obtained. Further, at high frequencies, it is
difficult to obtain a driving pulse with a narrow pulse width
and it also is difficult to reduce the quantization unit value q.
Thus, it is preferable to increase intervals between discreti-
zations of transmission weighting values as the transmission
frequency becomes higher.

[0139] As described above, according to the ultrasonic
diagnosing apparatus of the present embodiment, it is pos-

Oct. 28, 2010

sible to form a trapezoidal transmission beam by indepen-
dently controlling, for each transmission channel, the width
of each trigger pulse inputted to each driving circuit for the
transducer array so as to approximate transmission weighting
values of the transducer array. As a result, a rate at which data
is acquired can be increased easily by using a plurality of
reception beams.

Embodiment 2

[0140] FIG. 27 shows an ultrasonic diagnosing apparatus
according to Embodiment 2 of the present invention. Basi-
cally, the ultrasonic diagnosing apparatus according to the
present embodiment has a configuration similar to that of the
ultrasonic diagnosing apparatus according to Embodiment 1
shown in FIG. 1. Thus, components similar to those of the
apparatus of F1G. 1 are denoted by the same reference numer-
als and the descriptions thereof will not be repeated.

[0141] The ultrasonic diagnosing apparatus according to
the present embodiment is different from the ultrasonic diag-
nosing apparatus according to Embodiment 1 in that outputs
from driving circuits D1B to D6B are binary of zero to posi-
tive. For this reason, among the trigger signal line group TG
through which trigger pulses are supplied from the transmis-
sion trigger generator 2, only one trigger signal line is con-
nected to each of the driving circuits D1B to D6B.

[0142] The operation of the ultrasonic diagnosing appara-
tus configured as above will be described with reference to
FIGS. 27 to 29. First, FIG. 28A shows true weighting values
assigned to outputs from the transducer elements T1 to T6.
While the true weighting values corresponding to the trans-
ducer elements T2 to T5 are positive, the true weighting
values corresponding to the transducer elements T1 and T6
are negative. The “true weighting value” refers to a predeter-
mined weighting value calculated from Formula (2), for
example.

[0143] Outputs from the driving circuits D1B to D6B are
binary of zero to positive so that they cannot be switched to
negative. Thus, in this state, outputs corresponding to the true
weighting values cannot be obtained from the transducer
elements T1 and T6. To solve this problem, as shown in FIG.
28B, first, the output level of each of the driving circuits D1B
to D6B is made proportional to an absolute weighting value
corresponding to the absolute value of each true weighting
value. In the example shown in FIG. 28B, since the absolute
weighting values are positive, it is possible to handle this
problem with the binary output driving circuits D1B to D6B.
FIG. 29 shows an example of the binary output driving cir-
cuits D1B and B2B.

[0144] In FIG. 29, one trigger signal line of the trigger
signal line group from the transmission trigger generator 2 is
connected to the gates of the level shifter Sa and the NMOS
transistor TRb to supply a trigger pulse TG1. An output of the
level shifter Sa is supplied to the gate of the PMOS transistor
TRa. The level shifter Sa shifts the level of output from the
low-voltage transmission trigger generator 2 so that the out-
put becomes suited for the high-voltage PMOS transistor
TRa.

[0145] Thesource of the PMOS transistor TRa is connected
to apositive power supply +HV1 and the source of the NMOS
transistor TRb is connected to GND. The drains of the PMOS
transistor TRa and the NMOS transistor TRb are connected to
each other and are connected to the transducer T1. The driv-
ing circuit D2B is connected to a positive power supply +HV2
different from the positive power supply +HV1. In this way,
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the driving circuits D1B to D6B are connected respectively to
the positive power supplies +HV1 to +HV6. The voltage
value of each of the positive power supplies +HV1 to +HV6 is
proportional to each absolute weighting value.

[0146] FIG. 30 shows the relationship between the wave-
form of the trigger pulse TG1 supplied to the gates of the level
shifter Sa and the NMOS transistor TRb and a driving pulse
W15 outputted from the driving circuit D1B.

[0147] InFIG. 30, when the trigger pulse TG1 is in H, the
PMOS transistor TRa is off, the NMOS transistor TRb is on
and the output of the driving circuit D1B is 0. Next, when the
trigger pulse TG1 becomes L, the PMOS transistor TRa is
turned on, the NMOS transistor TRb is turned off and the
output of the driving circuit D1B becomes substantially
+HV1. Further, when the trigger pulse TG1 returns to H, the
PMOS transistor TRa is turned off and the NMOS transistor
TRb is turned on and the output of the driving circuit D1B
becomes 0.

[0148] The operations of the driving circuits D2B to D6B
are also similar. In this way, the driving circuits D1B to D6B
can generate binary driving pulses whose output levels cor-
respond to the positive power supplies HV1 to HV6. The
driving pulses may be binary outputs of 0 to negative. Each
output level of the driving circuits D1B to D6B can also be
controlled by controlling the pulse width of each trigger pulse
to control the pulse width of each output of the driving circuits
D1B to D6B.

[0149] FIG. 31 shows relationships among delay times of
the driving pulses W1b to W6b outputted from the driving
circuits D1B to D6B. As shown in FIG. 31, among delay times
TD1 to TD6 of the driving pulses W15 to W6b, with respect
to channels ch. 1 and ch. 6 where the true weighting values are
negative, the delay times TD1 and TD#6 are shifted by time
Tch. Here, the time Tch corresponds to a half cycle of the
transmission frequerncy of the transducer array 1. Ultrasound
emitted from the transducer array 1 is a relatively-narrow-
band pulse. Thus, as shown in FIG. 32, with a pulse h (t-Tch)
obtained by delaying a pulse h (1) by the time Tch, it is
possible to approximate a pulse inverted from the polarity of
the pulse h(t).

[0150] FIG. 33 shows an example of a circuit for changing
transmission delay data. Among the components of this cir-
cuit, delay pulse generators 21 to 26 are included in the
transmission trigger generator 2 and a delay data generator
61, a delay data compensator 62 and an adder 63 are included
in the control circuit 6.

[0151] Thedelay data generator 61 generates delay data for
converging transmission beams. The delay data compensator
62 generates a polarity sign of true delay data and the time
Tch. When the sign of the delay data generated by the delay
data compensator 62 is positive, the adder 63 does not change
the corresponding delay data. On the other hand, when the
sign of the delay data generated by the delay data compensa-
tor 62 is negative, the adder 63 changes the corresponding
delay data by adding the time Tch to the delay data.

[0152] Theadjusted delay data outputted from the adder 63
is supplied to the delay pulse generators 21 to 26. On the basis
of the adjusted delay data, the delay pulse generators 21 to 26
generate trigger pulses and supply them to the driving circuits
D1B to D6B.

[0153] FIGS. 34 to 37 are diagrams showing the absolute
weighting values and effects of shifting of driving pulse tim-
ings. FIG. 34 shows an example of transmission weighting
values assigned to a transmission aperture with 96 channels.
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In FIG. 34, a solid line QO indicates true weighting values
composed of positive and negative values. A broken line QE
indicates values obtained by quantizing the absolute value of
each true weighting value by a quantization unit 1. The
weighting value of the channel at the center of the transmis-
sion aperture is 1.

[0154] A broken line QF in FIG. 35 indicates a case where,
among the channels where the quantized absolute weighting
values in FIG. 34 become 0, the weighting values at channels
12, 16, 81 and 85 are changed to the minimum quantization
unit 1. In the case of FIG. 35, all of the power supplies for the
driving circuits can be of the same value. Furthermore, delay
time in each of channels 12, 16, 81 and 85 is shifted by Tch.
[0155] A broken line FF in FIG. 36 indicates the shape of a
cross-sectional intensity distribution on the focal plane of a
transmission beam obtained in the case indicated by the bro-
ken line QF in FIG. 35, where a trapezoidal transmission
beam is obtained. Further, a half width bwl of the beam is
wider than a half width bw2 of a transmission beam in the
case without weighting indicated by a solid line N0, meaning
that the beam is suited for parallel reception.

[0156] FIG. 37 shows acomparison between a transmission
beam shape obtained by using the absolute weighting values
indicated by the broken line QE in FIG. 34 and a transmission
beam shape obtained by using the absolute weighting values
indicated by the broken line QF in FIG. 35. The transmission
beam shape corresponding to the absolute weighting values
indicated by the broken line QFE is indicated by a broken line
FE and the transmission beam shape corresponding to the
absolute weighting values indicated by the broken line QF is
indicted by a solid line FE As can be seen, the case indicated
by the broken line QF in FIG. 35 where the weighting values
are changed by the minimum quantization unit and delay time
is shifted by Tch results in a transmission beam closer to a
trapezoidal transmission beam suited for parallel reception.
[0157] Although the quantization unit in the above descrip-
tion has been 1, the shape of a trapezoidal transmission beam
is improved by selecting a smaller value as the quantization
unit. As examples of true weighting values, with which the
intensity distribution of an ultrasound beam generated by the
transducer array has a small fluctuation in the depth direction,
and the cross-sectional intensity distribution of the ultrasound
beam is formed to be trapezoidal so as to be suitable for
parallel reception, there have been known a SIN C function
when the transmission aperture formed by the transducer
array is rectangular and a Bessel function when the aperture is
circular.

[0158] As described above, according to the ultrasonic
diagnosing apparatus according to the present embodiment,
for true weighting values composed of positive and negative
values, the output amplitudes of the driving circuits are con-
trolled using the absolute weighting values and, on the basis
ofthe polarity sign of each true weighting value, delay time of
each driving circuit is shifted by the time Tch corresponding
to a half cycle of the transmission frequency. As a result, it is
possible to form a trapezoidal transmission beam and a rate at
which data is acquired can be increased easily by using a
plurality of reception beams.

INDUSTRIAL APPLICABILITY

[0159]  According to the ultrasonic diagnosing apparatus of
the present invention, a circuit that forms a trapezoidal trans-
mission beam can be configured at low cost by using pulse
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amplifiers, so that it is useful as an apparatus using a plurality
of parallel reception beams to improve a data acquisition rate.

1. An ultrasonic diagnosing apparatus comprising;

atransducer array composed of a plurality of arrayed trans-
ducer elements for transmitting ultrasound,;

a plurality of driving circuits each provided for transmis-
sion channels for driving each of the transducer ele-
ments;

a transmission trigger generator for generating a trigger
pulse for controlling each of the driving circuits;

a parallel reception beam former for processing reception
signals from the transducer elements;

a signal processor for processing an output signal of the
parallel reception beam former; and

a control unit for controlling the transmission trigger gen-
erator, the parallel reception beam former and the signal
processor,

wherein the transmission trigger generator controls awidth
of the trigger pulse independently for each of the trans-
mission channels to cause the driving circuit to output a
driving pulse approximating a predetermined weighting
value assigned to an output amplitude of each of the
transmission channels in a transmission aperture of the
transducer array.

2. The ultrasonic diagnosing apparatus according to claim

1, wherein in comparison to the trigger pulses inputted to the
driving circuits for the transmission channels corresponding
to a center portion and peripheral portions of the transmission
aperture of the transducer array, the trigger pulses inputted to
the driving circuits for the transmission channels correspond-
ing to intermediate areas between the center portion and the
peripheral portions have a narrower width.

3. The ultrasonic diagnosing apparatus according to claim

1, wherein the weighting to the output amplitude of each of
the transmission channels is controlled by controlling inde-
pendently for each of the transmission channels the number
of cycles of the trigger pulse inputted to the driving circuit.

4. The ultrasonic diagnosing apparatus according to claim

1, wherein the weighting to the output amplitude of each of
the transmission channels is controlled by controlling inde-
pendently for each of the transmission channels a time phase
of the trigger pulse inputted to the driving circuit to be
inverted.

5. The ultrasonic diagnosing apparatus according to claim

4, wherein the plurality of transducer elements of the trans-
ducer array are divided into three groups when being driven,
and with respect to a time phase of the trigger pulses inputted
to the driving circuits for a group at a center of the transmis-
sion aperture, a time phase of the trigger pulses inputted to the
driving circuits for peripheral groups on both sides of the
center group is inverted.
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6. The ultrasonic diagnosing apparatus according to claim
1, wherein the driving circuits are ternary output driving
circuits, and the weighting value is approximated by control-
ling independently for each of the transmission channels at
least one of the width, the number of cycles and the time phase
of the trigger pulse.

7. The ultrasonic diagnosing apparatus according to claim
1, wherein with respect to a relative coordinate X measured
from a center of the array of the transducer array as a starting
point, the predetermined weighting value w(X) is assigned by
the following formula:

w(X)=SIN C(2X)+C

where —-1=X=1 and 0.02=C=0.08.

8. The ultrasonic diagnosing apparatus according to claim
7, wherein the weighting value w(X) is discretized by a quan-
tization unit value q (where %4=q=1).

9. The ultrasonic diagnosing apparatus according to claim
8, wherein when the discretized weighting value becomes 0
over a plurality of adjacent transmission channels, for some
of the adjacent transmission channels where the weighting
value becomes 0, the weighting value is changed by the
quantization unit value as a minimum unit.

10. The ultrasonic diagnosing apparatus according to claim
8, wherein intervals between discritizations of the predeter-
mined weighting value are set to be longer as an ultrasound
transmission frequency becomes higher.

11. The ultrasonic diagnosing apparatus according to claim
1, wherein a timing of the driving pulse is shifted by an
amount of time corresponding to a %2 cycle when a polarity of
the predetermined weighting value is positive with respect to
a case where the polarity is negative.

12. The ultrasonic diagnosing apparatus according to claim
11, wherein the driving circuits are binary output driving
circuits.

13. The ultrasonic diagnosing apparatus according to claim
11, wherein time amount data corresponding to a /% cycle is
added to or subtracted from delay data for specifying the
timing of the driving pulse in accordance with the polarity of
the predetermined weighting value.

14. The ultrasonic diagnosing apparatus according to claim
11, wherein an output of each of the transmission channels is
controlled in accordance with an absolute weighting value
corresponding to an absolute value of the predetermined
weighting value.

15. The ultrasonic diagnosing apparatus according to claim
11, wherein an absolute value of the predetermined weighting
value is quantized, and for some of the transmission channels
where the quantized absolute weighting value becomes 0, the
absolute weighting value is changed by a minimum quanti-
zation unit.
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