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(57) ABSTRACT

Provided is a probe which transmits an ultrasonic wave to a
diagnostic site and receives a reception signal which is a
reflected wave. The probe includes: a plurality of transduc-
ers; a plurality of low-noise amplifying circuits respectively
corresponding to the plurality of transducers; and a single
differential converter which converts a control signal rising
with the elapse of time to a first bias signal rising with the
elapse of time and a second bias signal falling with the
elapse of time to control the plurality of low-noise ampli-
fying circuits, and the low-noise amplifving circuit includes:
an attenuator which attenuates an electric signal from the
transducer; a first amplifying circuit which sets the first bias
signal as a bias and amplifies an output signal of the
attenuator to be gradually increased with the elapse of time;
a second amplifying circuit which sets the second bias signal
as a bias and amplifies the output signal of the attenuator to
be gradually reduced with the elapse of time; and a subtrac-
tor which subtracts an output of the first amplifying circuit
and an output of the second amplifying circuit.
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ULTRASONIC DIAGNOSTIC APPARATUS
AND PROBE USED FOR THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to an ultrasonic diag-
nostic apparatus.

2. Description of Related Art

[0002] A two Dimensional (D) array probe for an ultra-
sonic diagnostic apparatus is constituted of a 2D array
transducer in which transducers are arranged two-dimen-
sionally and a 2D array Integrated Circuit (IC) for driving
the 2D array transducer. For the 2D array probe, the 2D array
1C which enables transmission and reception from about 200
signal terminals is essential to the transducer array of several
thousands to ten thousand elements. The 2D array IC
controls the drive time of each transducer and manipulates
a transmission and reception direction of an ultrasonic beam.
[0003] Anindividual transducer of the 2D array transducer
and a transceiver circuit (hereinafter referred to as an “ele-
ment channel circuit” or an ECh circuit) are connected one
to one. Also, a subchannel (hereinafter referred to as a
“subchannel” or an SCh) bundled with N number of ECh
circuits (N is a positive integer) is connected to a transmis-
sion/reception signal input/output cable one to one. The
meaning of “bundled” will be explained below.

[0004] In order to focus ultrasonic beams transmitted and
received from each transducer of the 2D array transducer to
an arbitrary in-vivo diagnostic site, when it is assumed that
an in-vivo speed of ultrasonic waves is uniform, the ECh
circuit must give a delay time proportional to a distance
between a focal point and an individual transducer of the 21D
array transducer. A larger delay time is given to a transducer
closer to the focal point and a smaller delay time is given to
a transducer far from the focal point.

[0005] During reception, all ECh circuit output signals
within one SCh are added. This is called a phasing addition.
This added signal is output from the cable to the ultrasonic
diagnostic apparatus. During transmission, the signal trans-
mitted from the ultrasonic diagnostic apparatus is branched
to all ECh circuits within one SCh and a delay time is given
to a signal at each ECh circuit, and then the signal is output
from each transducer. This is the meaning of “bundled”.
[0006] The resolution of an ultrasound tomogram gener-
ated by processing the signals received from the 2D array
probe depends on the size of one transducer and the size of,
for example, 200 to 300 um is required. The resolution of an
ultrasound tomogram also depends on the delay time reso-
lution that can be set by the delay circuit of the ECh circuit.
The viewing angle of the ultrasonic tomogram depends on
the maximum delay time that can be set by the delay circuit
of the ECh circuit.

[0007] The 2D array probe is a system which transmits
ultrasonic waves and receives reflected waves, and there-
fore, it is affected by strong sound pressure by reflection of
bone or the like when an image of the part close to a body
surface is acquired. When a reception system of the 2D array
1C, particularly an initial stage low-noise amplifying circuit
(LNA) is level-designed so as not to saturate even at the high
sound pressure, the gain is small and the noise characteris-
tics are deteriorated, and thus, the SNR of a deep image
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deteriorates. Therefore, in a normal ultrasonic diagnostic
apparatus which is not a 2D array probe, a system which
increases the gain in accordance with the elapse of time from
the start of reception is used and this is called time gain
control (TGC).

[0008] As background arts for realizing a TGC circuit,
there are JP-A-2004-8684, JP-A-2013-188421, and U.S. Pat.
No. 8,226,563. JP-A-2004-8684 discloses a configuration
where an ultrasonic diagnostic apparatus is constituted by
including a ultrasonic wave probe, a transimission unit for
transmitting an ultrasonic wave to an object via the ultra-
sonic probe, a reception unit for processing a reception
signal received from the object via the ultrasonic probe, an
image forming unit for generating an image based on the
reception signal, and an image display unit for displaying an
image, in which the reception unit is constituted by includ-
ing intensity-dependent variable attenuation means in which
a gain changes in response to the signal strength of the
reception signal and time-dependent variable attenuation
means in which the gain changes in accordance with the
reception time of the reception signal.

[0009] In JP-A-2013-188421, the ultrasonic diagnostic
apparatus includes a transmission unit for transmitting a
ultrasonic signal to an object with a reception signal via an
ultrasonic probe and a reception unit for processing a
reception signal obtained by being reflected within the
object, in which the reception unit includes a transmission/
reception changeover switch portion for transmission/recep-
tion isolation that prevents the transmission signal from
entering the reception unit, an amplification portion for
amplifying the reception signal, and an attenuation portion
disposed between the transmission/reception changeover
switch portion and the amplification portion and attenuating
the reception signal.

[0010] Further, a configuration where the attenuation por-
tion attenuates a reflection signal from a short distance that
receives a signal of a large amplitude immediately after the
end of the transmission and changes the attenuation amount
from large to small as the reception time elapses so as not to
attenuate a signal from a long distance having a small signal
amplitude is disclosed.

[0011] U.S. Pat. No. 8,226,563 discloses a configuration
where a probe controller of an ultrasonic diagnostic appa-
ratus is provided with a control module group including
several devices, one clock source connected to each of the
control modules, and a clock enable control device con-
nected to each of the control modules, in which at least one
clock supply of the control module can be turned on and off,
and control of the control module and the clock source are
made independent.

[0012] In JP-A-2004-8684, a part of passive elements
(resistor elements) which determine a gain of an amplifying
circuit using an operational amplifier is changed to an FET
to make it variable attenuation means, but there is a problem
in that element variation is large. Also, it is not considered
that the area on a semiconductor and the power consumption
are extremely large to adopt the operational amplifier as the
LNA of the 2D array IC.

[0013] JP-A-2013-188421 has an attenuation means at a
front stage of the LNA, but generation of a control signal is
input from an external circuit. Since a diode is used, there is
a problem in that variation in attenuation degree of the
variable attenuator is large. In addition, since an attenuation
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means of an output section of the LNA is unknown, there is
a problem in that a variable gain range as a TGC is
insufficient.

[0014] U.S. Pat. No. 8,226,563 performs the TGC with the
LNA, but realizes a variable gain function by varying a bias
current or setting a current feedback type using a MOSFET
as a resistor. However, with the variation in the bias current,
a variable gain width is small and there is a problem in that
strain becomes large when the current value is small. Also,
in a case of the current feedback type using the MOSFET as
the resistor, as similar to the case of JP-A-2004-8684, there
is a problem in that the process dependence of the gain is
large.

[0015] The TGC circuit to be mounted in the 2D array
probe requires LNAs each having one independent variable
gain function for each transducer array of several thousands
to ten thousand elements. However, in the configurations
described in JP-A-2004-8684, JP-A-2013-188421, and U.S.
Pat. No. 8,226,563, it is not possible to minimize the gain
variation of each LNA while giving the necessary variable
gain function (30 dB or more) to several thousands to ten
thousand LNAs. Therefore, it is not possible to realize a
configuration for supplying a gain control signal to a large
number of LNA groups arranged in a 2D array form (matrix
form) and performing TGC control without increasing the
area of each LNA.

SUMMARY OF THE INVENTION

[0016] An object of the invention is to provide an ultra-
sonic diagnostic apparatus which solves the problems
described above and realizes a TGC circuit suitable for being
mounted in a 2D array probe, and a probe used for the
ultrasonic diagnostic apparatus.

[0017] In view of the related art and the problems
described above, to give one example, the invention pro-
vides a probe which transmits an ultrasonic wave to a
diagnostic site and receives a reception signal which is a
reflected wave, where the probe includes: a plurality of
transducers; a plurality of low-noise amplifying circuits
respectively corresponding to the plurality of transducers;
and a single differential converter which converts a control
signal rising with the elapse of time to a first bias signal
rising with the elapse of time and a second bias signal falling
with the elapse of time to control the plurality of low-noise
amplifying circuits, and the low-noise amplifying circuit
includes: an attenuator which attenuates an electric signal
from the transducer; a first amplifying circuit which sets the
first bias signal as a bias and amplifies an output signal of the
attenuator to be gradually increased with the elapse of time;
a second amplifying circuit which sets the second bias signal
as a bias and amplifies the output signal of the attenuator to
be gradually reduced with the elapse of time; and a subtrac-
tor which subtracts an output of the first amplifying circuit
and an output of the second amplifying circuit.

[0018] According to the invention, it is possible to provide
an ultrasonic diagnostic apparatus realizing a TGC circuit
suitable for being mounted in a 2D array probe, and a probe
used for the ultrasonic diagnostic apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 11is a block configuration diagram of an LNA
and the periphery thereof in Example 1;
[0020] FIGS. 2A to 2D are timing charts of FIG. 1;
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[0021] FIG. 3 is a first circuit example of the block
configuration diagram of FIG. 1,

[0022] FIG. 4 is a second circuit example of the block
diagram of FIG. 1;

[0023] FIG. 5 is a third circuit example of the block
configuration diagram of FIG. 1,

[0024] FIG. 6 is a fourth circuit example of the block
configuration diagram of FIG. 1,

[0025] FIG. 7 is a block configuration diagram of an LNA
and the periphery thereof in Example 2;

[0026] FIGS. 8A to 8C are timing charts of FIG. 7,
[0027] FIG. 9 is a first block configuration diagram when
a large number of LNAs are mounted on a 2D array IC
according to Example 3;

[0028] FIG. 10 is a second block configuration diagram
when a large number of LNAs are mounted on the 2D array
IC according to Example 3;

[0029] FIG. 11 is a block configuration diagram when a
plurality of 2D array ICs are mounted in a 2D array probe
according to Example 3;

[0030] FIG. 12 is a configuration diagram for explaining
time variation from a TGC start time to an end time in
Example 3; and

[0031] FIG. 13 is a configuration diagram of an ultrasonic
diagnostic apparatus according to Example 4.

DESCRIPTION OF EMBODIMENTS

[0032] Hereinafter, examples of the invention will be
described with reference to the drawings.

Example 1

[0033] FIG. 1is a block configuration diagram of an LNA
and the periphery thereof in the example, which constitutes
a TGC circuit. In FIG. 1, reference numeral 100 indicates an
LNA, reference numeral 10 indicates a transducer, and
reference numeral 60 indicates a single differential con-
verter, Further, the LNA 100 is constituted of a variable
attenuator 20, amplifying circuits 30 and 40, bias current
generators 31 and 41, and a subtractor 50, in which reference
numerals 32 and 42 indicate bias currents, reference numeral
43 indicates an attenuator control signal, reference numeral
45 indicates an attenuator off command signal, reference
numeral 70 indicates an output of the LNA, reference
numeral 80 indicates a TGC control signal, and reference
numeral 81 indicates a gain control signal. In addition,
FIGS. 2A 10 2D illustrate timing charts of the TGC control
signal 80, the bias currents 32 and 42, and the LNA gain in
FIG. 1.

[0034] Hereinafter, an operation of the LNA 100 will be
described with reference to FIGS. 1 and 2A to 2D. In FIG.
1, a signal converted from an ultrasonic wave to an electric
signal by the transducer 10 is input to the variable attenuator
20 via a transmission/reception changeover switch (not
illustrated) for protecting the LNA 100 from a large ampli-
tude signal from a transmission circuit (not illustrated). The
variable attenuator 20 attenuates the electric signal accord-
ing to the level of the attenuator control signal 43. The
attenuated electrical signal is input to the amplifying circuits
30 and 40.

[0035] The amplifying circuit 30 is supplied with the bias
current 32 from the bias current generator 31 and the
amplifying circuit 40 is supplied with the bias current 42
from the bias current generator 41. The bias current genera-
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tor 41 can also turn off the attenuation function of the
variable attenuator 20 by the attenuator off command signal
45. That is, a signal not attenuated by the attenuator off
command signal 45 can be supplied to the amplifying
circuits 30 and 40. When the TGC function is used, the
variable attenuator 20 is always in an On state (by the means
described below, when the TGC is terminated, the variable
attenuator 20 is turned off without using the attenuator off
command signal 45). The output signals of the amplifying
circuits 30 and 40 are subtracted by the subtractor 50 and
output from the output 70.

[0036] As illustrated in FIG. 2A, the TGC control signal
80 is a ramp-up signal which gradually rises from a time at
which the TGC is desired to be started. As illustrated in FIG.
1, the TGC control signal 80 becomes a differential signal by
the single differential converter 60 and is input to the bias
current generators 31 and 41. The bias current generators 31
and 41 which have received the differential signal generate
the bias currents 32 and 42 as illustrated in FIG. 2B. The bias
current 42 is designed to be always smaller than the bias
current 32 from a time at which the TGC is desired to be
started (time when the TGC control signal 80 starts ramping
up) to an end time. This is to prevent the polarity of the
signal from being reversed when the subtractor 50 subtracts
the output signals of the amplifying circuits 30 and 40.

[0037] The gain control signal 81 in FIG. 1 realizes the
variable gain function of the LNA 100 by varying a current
value at the start of the TGC of the bias current 42. As
illustrated in F1G. 2C, the gain of the LNA 100 is determined
by a difference between the bias currents 32 and 42, and thus
the gain variation is carried out by changing the magnitude
of the bias current 42 (the bias current 42 is varied as
illustrated by arrows in FIGS. 2B and 2C) according to a
variable gain range to be set. The variable gain function can
be realized without adding parts to the LNA 100 main body
to be arranged in a matrix form of the 2D array IC.

[0038] On the contrary, the gain of the amplifying circuit
30 is lower because the bias current 32 at the start of the
TGC is smaller than that at the end of the TGC. The electric
signal level from the transducer 10 is high at the start of
TGC, and thus the gain of the LNA 100 is set low to prevent
circuit saturation. Also, since the electric signal level is high
at the start of the TGC, the SNR is high, and thus it is set to
prevent saturation rather than to make low noise of the
amplifying circuit 30. Further, even when a desired attenu-
ation degree of the variable attenuator 20 is set to a low
value, a desired gain variable width can be realized, so that
the circuit area of the variable attenuator can also be
reduced. As a matter of course, as illustrated in FIG. 2D,
even with a bias method where the bias current 32 is fixed
and does not change, the variable gain function of the LNA
100 can be realized, but the power consumption increases. In
the example, the power consumption of the LNA 100 at the
start and the end of the TGC can be made substantially
constant.

[0039] Basically, the amplifying circuits 30 and 40 are
manufactured by providing the same circuits on the same
chip by semiconductor technology. However, as described
below, in a case of being mounted on a 2D array probe in
combination with a chip obtained from another lot having
different process variation, the gain also has a process
variation dependency. In the process in which the gain of the
amplifying circuit 30 is lower by 3 dB, the gain of the
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amplifying circuit 40 is also lower by approximately 3 dB.
That is, the relationship of output signal amplitude of LNA
100 is satisfied as follows:

[0040] Output signal amplitude of LNA 100=(gain of the
amplifying circuit 30+process error of gain of the amplify-
ing circuit 30)xinput signal amplitude—(gain of the ampli-
fying circuit 40+process error of gain of the amplifying
circuit 40)xinput signal amplitude=(gain of the amplifying
circuit 30-gain of the amplifying circuit 40)xinput signal
amplitude.

[0041] Therefore, the level of the output signal obtained
by subtracting those output signals with the subtractor 50
has a small process variation dependency.

[0042] FIG. 3 is a first circuit example of the block
configuration diagram of FIG. 1. In FIG. 3, the same
reference numerals as in FIG. 1 are assigned to components
performing the same operations as those in FIG. 1 and the
descriptions thereof will be omitted. In FIG. 3, VDD indi-
cates a power supply voltage, M number indicates a MOS-
FET, R number indicates a resistor, C number indicates a
capacitor, SW number indicates a switch, IR number indi-
cates a current source, and BIAS1 and BIAS2 indicate bias
voltage supply circuits.

[0043] In FIG. 3, the variable attenuator 20 is constituted
only of R201, but realizes a variable attenuation degree
function by series connection with M412 described below.
[0044] The amplifying circuit 30 is a differential ampli-
fying circuit constituted of M301 and M302 and is supplied
with the bias current 32 from the bias current generator 31
formed of M311. 311 is a tail current source of the ampli-
fying circuit 30. The amplifying circuit 40 is a differential
amplifying circuit constituted of M401 and M402 and is
supplied with the bias current 42 from the bias current
generator 41 formed of M411. M411 is a tail current source
of the amplifying circuit 40.

[0045] The gate bias voltages of M301 and M302, M401
and M402 are supplied by the BIAS1 via R3 and R4. In the
gates of M301 and M401, the signal obtained by attenuating
a signal from the transducer 10 by the variable attenuator 20
is input via C1. The gates of M302 and M402 are grounded
alternately to the ground by C2.

[0046] The output current signals of the amplifying cir-
cuits 30 and 40 are subtracted by the subtractor 50 and
output from the output 70.

[0047] The subtractor 50 does not realize the subtraction
function by cross-coupling connection (connection where
the polarity is inverted and current is added) of the output
current signals of the amplifying circuits 30 and 40 and
realizes the subtraction function by cross-coupling the cas-
coded MOSFET group output currents through M501 to
M504 to which the gate bias voltage is supplied from
BIAS2. Since the amplifying circuit 40 is turned off at the
end of the TGC, by cascading, positive feedback is pre-
vented from being applied to the amplifying circuit 30 via
the unintended parasitic capacitor.

[0048] Since the output current signals of the amplifying
circuits 30 and 40 are cross-coupled, the amplitude of the
large signal output due to the large signal input is also
inverted in polarity and is added, whereby saturation of the
circuits can be prevented.

[0049] The TGC control signal 80 becomes a differential
signal current by a single differential converter constituted
of M601 to M604, R601, and IR601 to IR604 and is supplied
to M605 and M606. M606 and M311, M605 and M411 are
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respectively current mirror circuits. Therefore, in the bias
current which becomes the differential signal current in the
single differential converter 60, a current proportional to the
current of M606 in the bias current generator 31 is converted
into the bias current 32 by M311 and a current proportional
to the current of M605 in the bias current generator 41 is
converted into the bias current 42 by M411. Therefore, also
in the circuit example of FIG. 3, the bias current generators
31 and 41 generate the bias currents 32 and 42 as illustrated
in FIG. 2B.

[0050] The gate voltages of M411 and M412 are both
supplied from M605. Therefore, the gate voltage is con-
verted, by M412, into the attenuator control signal 43 which
decreases with the elapse of time similar to that of the bias
current 42 and the variable attenuator 20 realizes a variable
function of decreasing the attenuation degree with the elapse
of time by the series connection of R201 and M412. That s,
it is possible to control the attenuation degree of the attenu-
ator by voltage-dividing the signal by the output impedance
of the transducer 10 and an on-resistor of transmission/
reception changeover switch (not illustrated), and R201 and
M412.

[0051] Also, since the gate voltages of M411 and M412
are both supplied from M605, when the gate voltage of
M411 becomes the ground level and the bias current 42
becomes zero, and further the amplifying circuit 40 1s turned
off, simultaneously the gate voltage of the M412 also
becomes the ground level. As a result, at the end of the TGC
when the variable attenuator 20 of which the attenuation
degree is determined by the series resistors of R201 and
M412 is turned off, the LNA 100 operates as a high-gain and
low-noise amplifying circuit which operates as an amplify-
ing circuit 30 alone.

[0052] FIG. 4 is a second circuit example of the block
diagram of FIG. 1. In FIG. 4, the same reference numerals
as those in FIGS. 1 and 3 are assigned to components
performing the same operations as those in FIGS. 1 and 3
and the descriptions thereof will be omitted. In FIG. 4, the
difference from FIG. 3 is that the capacitor C3 is connected
between the drains of M401 and M402. In other words, the
capacitor C3 is connected between the sources of M503 and
M504 which are gate grounding transistors of the cascode-
connected amplifying circuit. As a result, the signal band on
the high-frequency side of the amplifying circuit 40
becomes narrower than that of the amplifying circuit 30.
This means that the gain on the high-frequency side is lower
in the amplifying circuit 40 than in the amplifying circuit 30.
Therefore, it means that the gain of the high-frequency band
observed at the output of the LNA 100 is obtained by ‘gain
of the amplifying circuit 30-gain of amplifying circuit 40°,
thereby becoming large. That is, it is possible to realize the
wider band of the LNA 100.

[0053] FIG. 5 is a third circuit example of the block
configuration diagram of FIG. 1. In FIG. 5, the same
reference numerals as in FIGS. 1, 3, and 4 are assigned to
components performing the same operations as those in
FIGS. 1, 3, and 4 and the descriptions thereof will be
omitted. In FIG. 5, a difference from FIGS. 3 and 4 is that
the variable gain function of the LNA 100 is realized by the
gain control signal 81.

[0054] In FIG. 5, the TGC control signal 80 becomes a
differential signal current by a single differential converter
constituted of M601 to M604, R601, and IR601 to IR604
and is supplied to M607 and M608.
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[0055] M607 and M609, M608 and M610 are respectively
current mitror circuits. The ratio of the drain currents of
M608 and M609 is constant. However, as illustrated in an
auxiliary figure at the bottom of FIG. 5, in M609, the ratio
of drain current flowing in M607 to drain current flowing in
M609 can be varied by the gain control signal 81 while
switching MOSFET arrays having different sizes with
switches.

[0056] The gain control signal 81 realizes the variable gain
function of the LNA 100 by varving the current value at the
start of the TGC of the bias current 42. Since the gain of the
LNA 100 is determined by the difference between the bias
currents 32 and 42, the gain is varied by changing the
magnitude of the bias current 42 according to the variable
gain range to be set. As a result, the variable gain function
can be realized without adding parts to the LNA 100 main
body to be arranged in a matrix form of the 2D array IC.
[0057] The drain current of M610 is supplied to M606 by
a current mirror circuit constituted of M612 and M614 and
the drain current of M609 is supplied to M605 by a current
mirror circuit constituted of M611 and M613.

[0058] As described above, according to the example, it is
possible to realize LNAs each having the variable gain
function with one independent small-variation for each
transducer array of several thousands to ten thousand ele-
ments and to perform TGC control while reducing the circuit
size in a state where a large number of LNAs are arranged
in a 2D array form. As a result, it is possible to provide an
ultrasonic diagnostic apparatus including a 2D array probe
improved in SNR of near and deep diagnostic images.
[0059] FIG. 6 is a fourth circuit example of the block
configuration diagram of FIG. 1. In FIG. 6, the same
reference numerals as in FIGS. 1, 3, 4, and 5 are assigned to
components performing the same operations as those in
FIGS. 1, 3, 4, and 5 and the descriptions thereof will be
omitted. In FIG. 6, a difference from FIGS. 3, 4, and 5 is that
M615 and M616 are connected. M615 and M616 realize a
low current source of a transconductance. As a result, a
minute current flows in the drain of M615 to be added to the
drain current of M609, whereby the amplifying circuit 40 is
not completely turned off at the end of the TGC. In other
words, some bias current 42 can flow slightly to the ampli-
fying circuit 40 even after the end of the TGC. Therefore, the
in-phase components of the noises of the bias current 32 and
the bias current 42 are canceled, and thus the LNA 100 can
further reduce the noise. Further, reduction of the magnitude
of the transconductance can be realized by connecting the
MOSFET whose gate is connected to M615 to a plurality of
MOSFETs in series, instead of connecting to one M616.

Example 2

[0060] FIG. 7 is a block configuration diagram of an LNA
and the periphery thereof in the example, which constitutes
a TGC circuit. In FIG. 7, the same reference numerals are
assigned to the same functional parts as those in FIG. 1 and
the descriptions thereof will be omitted. In FIG. 7, a differ-
ence from FIG. 1 is that a generation circuit for the TGC
control signal 80 is added.

[0061] In FIG. 7, a charge/discharge current generator 90
and a capacitor CCHG are connected and the TGC control
signal 80 is generated from the connection point.

[0062] In the charge/discharge current generator 90, Ichg
is the current source and Vref is the power supply. In
addition, a mode in which a constant current is supplied to
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the capacitor CCHG by a MODECTL signal and a mode in
which the TGC control signal 80 is set to a high level (power
supply potential) or a low level (ground potential) are
provided. In addition, in the mode in which the constant
current is supplied to the capacitor CCHG, the timing at
which the constant current is supplied to the capacitor
CCHG is determined by a timing signal 91. Also, the current
source Ichg can vary the constant current value.

[0063] FIGS. 8A to 8C illustrate timing charts of the
timing signal 91, the TGC control signal 80, the bias currents
32 and 42, and the LNA gain in FIG. 7. FIG. 8A illustrates
a mode in which a constant current is supplied to the
capacitor CCHG by the MODECTL signal and FIG. 8B
illustrates a mode in which the TGC control signal 80 is set
to a high level, and further FIG. 8C illustrates a mode in
which the TGC control signal 80 is set to a low level.
[0064] First, in the mode in which the constant current is
supplied to the capacitor CCHG as illustrated in FIG. 8A, the
current source Ichg is connected by raising the timing signal
91 from the TGC start time, and then, a ramp-up waveform
as illustrated in FIG. 8A can be generated as the TGC control
signal 80 by supplying the constant current to the capacitor
CCHG from the TGC start time. The ramp-up waveform of
the TGC control signal 80 is saturated with the power supply
voltage for operating the charge/discharge current generator
90, which is the TGC end time and provides the maximum
gain to the LNA 100. When the reception is completed and
the succeeding TGC operation is performed, the charge of
the CCHG is discharged.

[0065] In a case of a diagnosis mode that does not use the
TGC such as pulse Doppler, the current output of the
charge/discharge current generator 90 is turned off and the
mode is switched to a mode for outputting a high level
(power supply potential) or a low level (ground potential) as
the TGC control signal 80. In a case of the high level, as
illustrated in FIG. 8B, the LNA 100 has the maximum gain
and operates as a fixed gain amplifier. On the contrary, in a
case of the low level, as illustrated in FIG. 8C, since the
amplifying circuit 40 is turned on, the LNA 100 has a low
gain and operates as a fixed gain amplifier. However, even
at the low level, the gain can be varied by changing the
magnitude of the bias current 42 by the gain control signal
81.

Example 3

[0066] FIG. 9 is a first block configuration diagram when
a large number of LNAs described in Examples 1 and 2 are
mounted on the 2D array IC in the example. In FIG. 9, the
same reference numerals are assigned to the same functional
parts as those in FIG. 1 and FIG. 7 and the descriptions
thereof will be omitted. In FIG. 9, IC indicates a 2D array
IC, PROBE indicates a 2D array probe, TD1 to TD8 indicate
transducers, SW1 to SW8 indicate transmission/reception
changeover switches, Al to A8 indicate LNAs, D1 to D8
indicate delay circuits, ADD1 to ADD2 indicate adder
circuits, and CBUF1 and CBUF2 indicate buffer circuits,
and further a cable and a main unit are provided.

[0067] In FIG. 9, in the 2D array probe PROBE, trans-
ducers are arranged in a matrix form as illustrated by the
transducers TD1 to TD8 on the left side. In FIG. 9, there are
eight transducers in total, four in a long axis direction and
two in a short axis direction. One independent transmission/
reception circuit mounted on the 2D array IC corresponds to
each of the transducers TD1 to TDS.
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[0068] In FIG. 9, a transmission circuit (not illustrated),
the transmission/reception changeover switch SW, the LNA,
and the delay circuit D correspond to the independent
transmission/reception circuit.

[0069] The signal converted from the ultrasonic wave to
the electric signal by the transducer TD1 is input to the
LNA-A1 via the transmission/reception changeover switch
SW1 (Since the switch is in reception, the switch is turned
on and connected with low impedance) for protecting the
LNA from a large amplitude signal from the transmission
circuit (not illustrated). With this signal LNA-A1, the SNR
1s amplified without deterioration as much as possible while
avoiding the saturation by the TGC means described in
Examples 1 and 2, and the amplified SNR is input to the
delay circuit D1. The amplified SNR passes through the
delay circuit D1, is delayed for a desired time, and then is
input to the adder circuit ADDI.

[0070] Similarly, the signals converted from the ultrasonic
waves to the electric signals by the transducers TD2 to TD4
pass through the LNA-As and the delay circuits D and are
input to the adder circuit ADDI1. The adder circuit ADD1
adds those signals, and the signals are power-amplified by
the buffer circuit CBUF1, drive the cable, and are sent to the
main unit.

[0071] During transmission, the adder circuit ADD1 (not
illustrates) branches the same transmission signal to the
delay circuits D1 to D4. The branched signals are delayed by
a desired time in the delay circuits D1 to D4 and drive
transducers respectively connected thereto via transmission
circuits (not illustrated). During transmission, the transmis-
sion/reception changeover switch for protecting the LNA-A
from the large amplitude signal from the transmission circuit
is turned off and connected to the LNA-A with high imped-
ance. There is no switch in particular between a transmission
circuit constituted using a high breakdown voltage transistor
and a transducer. Electric signals by the transducers TDS5 to
TD8 are also processed in a similar way.

[0072] The delay time set for the delay circuits D1 to D8
is set such that a distance, for example, from a target focal
point to the center of the transducer group is calculated and
the transmission/reception circuit arranged at the shortest
distance transmits and receives at the latest time, That is, a
pseudo lens operation is performed using the 2D array IC.
[0073] The attenuator off command signal 45 turns off the
variable attenuator attenuation function of the LNA-A, but
the attenuator off command signal 45 is shared by the
transmission/reception circuits of eight paths.

[0074] As illustrated in FIG. 8A, the TGC control signal
80 a signal that gradually rises from the time when the TGC
is to be started. The TGC control signal 80 becomes a
differential signal by the single differential converter and is
input to the bias current generator of the LNA-A, but the
differential signal is shared by the transmission/reception
circuits of eight paths.

[0075] As explained in FIGS. 3, 4, 5, and 6, M606 and
M311, M605 and M411 are respectively current mirror
circuits. Therefore, in FIG. 9, eight LNA-As are arranged
and the gates of M311 and M411 of each are short-circuited
at the same time. Therefore, the same current can flow
through the amplifying circuits 30 and 40 of the LNA-A1 to
LNA-A8. That is, it is possible to perform TGC control of
eight LNAs with two wires.

[0076] The gain control signal 81 realizes the variable gain
function of the LNA-A by changing the current value at the
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TGC start time of the amplifying circuit 40 of the LNA-A1
to LNA-AS. Since the variable gain function can be realized
without adding parts to LINA-A1 to LNA-A8, a silicon area
of each LNA can be reduced.

[0077] FIG. 10 is a second block con diagram when a large
number of LNAs described in Examples 1 and 2 are
mounted on the 2D array IC in the example, similar to the
case of FIG. 9. In FIG. 10, the same reference numerals are
assigned to the same functional parts as those in FIG. 9 and
the descriptions thereof will be omitted.

[0078] In FIG. 10, IBUF is a buffer circuit. Further, the
TGC control signal 80 becomes a differential signal by the
single differential converter 60 and is input to the bias
current generator of the LNA-A. However, the differential
signal is once converted from the differential voltage to the
differential current by the buffer circuit IBUF and output
again as the differential voltage. The input voltage to the bias
current generator of the LNA-A does not change before and
after the input of the buffer circuit IBUF and has a role of
reducing the influence of long-distance wiring.

[0079] InFIG. 10, the wiring to be laid out in the long axis
direction of the transducer array on the left side is shared by
the transmission/reception circuits of four paths. In FIG. 10,
there are eight transducers. However, for example, in a case
of performing TGC control of 2048 LNAs in total, 64 LNAs
in the long axis direction and 32 LNAs in the short axis
direction, by arranging 32 IBUFs referring to FIG. 10, it is
possible to perform TGC control of 2048 LNAs by one TGC
control signal 80 by merely sharing only 64 differential
voltages in the long axis direction.

[0080] FIG. 11 is a block configuration diagram when a
plurality of 2D array ICs are mounted in the 2D array probe.
In FIG. 11, IC1 to ICN indicate 2D array ICs (M=N),
PROBE indicates a 2D array probe, CCHG1 to CCHGL
indicate capacitors (K<L), and TDG1 to TDGN indicate
transducer groups (MsN).

[0081] Each of the transducer groups TDG1 to TDGN
(Mx<N) is constituted of P transducers and is mounted in a
matrix form in the 2D array probe PROBE. For example, the
case of N=6 is illustrated on the right side in FIG. 11. The
2D arrays IC1 to ICN are respectively connected to the
transducer groups TDG1 to TDGN having the same number.
Since the 2D arrays IC1 to ICN each has unique process
variations, as illustrated in FIG. 7, the values of the constant
currents flowing from the charge/discharge current generator
90 from the TGC start time are different. In addition, the
capacitor CCHG also has variations as individual parts.
Therefore, assuming that the capacitor CCHG connected
respectively is charged from each 2D array IC as illustrated
in FIGS. 9 and 10, if a clock (not illustrated) supplied to the
2D array IC is common, the TGC start time can be synchro-
nized in N chips, but the TGC end time will vary.

[0082] Therefore, in FIG. 11, K CCHGs are shared by the
IC1 to ICM and the TGC control signal 80 is shared. By
outputting the same charging current from M ICs and also
short-circuiting CCHG1 to CCHGK for sharing, variations
in the charging currents and variations in the CCHGs are
averaged, and thus variations in the TGC end times can be
reduced in IC1 to ICM. ICM+1 to ICN and the CCHGK+1
to CCHGL are also similar.

[0083] When all 2D array ICs share CCHGs, it is possible
to reduce the variation in TGC end times within the 2D array
probe. However, for example, when adopting the 2D array
IC arrangement as illustrated in the right side of FIG. 11,
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connecting a dotted line results in a wiring loop, which is
susceptible to electromagnetic noise. Therefore, the dotted
line is not connected, CGHGs are divided into two vertically
and the variation of the TGC end time is reduced only in
three 2D array ICs in the upper and lower sides. Although
the TGC end times slightly differ between the upper and
lower sides, the variation of the TGC end time is reduced to
IN(3) by the standard deviation as compared with the
independent TGC control in the six 2D array ICs.

[0084] When mounting a plurality of 2D array ICs in the
2D array probe as illustrated in FIG. 11, by switching the
plurality of existing capacitors CCHGs with the switch, the
time from the TGC start time to the end time can be varied.
Ablock diagram for realizing the above is illustrated in FIG.
12.

[0085] By adding switches (SW92 and SW93), a capacitor
connection control signal 92, a delay circuit 93 to the
charge/discharge current generator 90, the capacitor CCHG
can be connected to and disconnected from the TGC control
signal 80. As a result, the TGC period can be varied. As a
matter of course, even when there is only one 2D array IC,
a similar TGC period variable function can be realized by
providing an independent terminal connecting the capacitors
CCHGs. Further, the delay circuit 93 disconnects the capaci-
tor CCHG with the SW 92 at the time of discharging and
connects the capacitor CCHG to the ground with the SW 93.
As a result, the path through which the discharge current
flows can be limited to the loop in the vicinity of the
capacitor CCHG.

Example 4

[0086] FIG. 13 is a configuration diagram of an ultrasonic
diagnostic apparatus according to the example. In FIG. 13,
U10 and U1l indicate 2D array probes, U20 and U21
indicate cables, U30 and U31 indicate connector boxes, U40
indicates a probe selector, U41 indicates a probe changeover
switch, U120 and U121 indicate amplifiers, U51 indicates a
digital-to-analog converter, U320 indicates a switch, U54
indicates an analog-to-digital converter, U60 indicates a
signal processing circuit, U70 indicates an operation panel,
U80 indicates a display, U90 indicates a main unit, U1100
and U1101 indicate 2D array ICs, U200 and U201 indicate
matching layers, U210 and U211 indicate acoustic lenses,
and U1000 and U1001 indicate casters.

[0087] The 2D array ICs of Example 3 corresponds to
U1100 and U1101. The main unit U90 has two connector
boxes U30 and U31 and two 2D array probes U10 and Ull
are connected via the cables U20 and U21, but the number
is not limited to two. In addition, 1D array probes of the
related art or the like can be connected to the connector
boxes U30 and U31. There is also a device provided with a
connector box connection terminal for connecting a special
probe such as for Doppler only. The main unit U90 is freely
movable on a floor surface by the casters U1000 and U1001.
[0088] For the circuit, switching between the 2D array
probe UL0 and the 2D array probe Ull is carried out with
a probe selector U40 and a probe changeover switch U41.
[0089] The 2D array IC-U1100 and U101 are respec-
tively built in the inside of the 2D array probes U10 and U11.
A 2D array transducer (not illustrated) is connected to a
surface on which an external terminal connection portion of
the 2D array IC-U1100 is mounted. As described above, the
2D array probe is constituted of several thousands to ten
thousand transducers mounted in an array form. The 2D
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array IC-U1100 is equipped with the 2D array transducer,
the matching layer U200 for matching the acoustic imped-
ance of the living body, and the acoustic lens U210 for
converging the ultrasonic beams so that ultrasonic waves
can be efficiently transmitted and received. Similarly, the 2D
array transducer, the matching layer U201, and the acoustic
lens U211 are mounted on the 2D array U1101.

[0090] The amplifier U121 serves to amplify the transmis-
sion signal, the switch U320 functions to prevent the trans-
mission signal from entering the reception system, and the
amplifier U120 amplifies the reception signal. The signal
processing circuit U60 is a logic circuit and inputs the signal
of the amplifier U120 as a digital signal via the analog-to-
digital converter U54 to perform signal processing. Further,
the signal-processed signal is input to the amplifier U121 via
the digital-to-analog converter US1 and the signal is trans-
mitted to the 2D array probes U10 and U1l via the probe
selector U40, the connector boxes U30 and U31, and the
cables U20 and U21.

[0091] Various operations of the main unit U90 such as
which part in the body of a patient is viewed are performed
from the operation panel U70. In addition, the main unit U90
includes various diagnostic modes and switching of the
diagnostic mode is also performed from the operation panel
U70. Diagnostic modes include Brightness (B), Pulsed
Wave Doppler (PW), Color Flow Mapping (CFM), Steet-
able CW Doppler (STCW) modes and the like. The B mode
is a mode in which the received amplitude intensity of the
ultrasonic wave reflected from the tissue is displayed in
association with the brightness and the PW mode is a mode
for repeatedly transmitting the ultrasonic wave toward a
certain depth and measuring the frequency deviation for
each repetitive transmission of the signal reflected from the
part to obtain the blood flow velocity. Further CFM, also
called color Doppler, is a mode for visualizing the blood
flow velocity by obtaining the autocorrelation of the recep-
tion signal for each ultrasound transmission. The STCW
mode is also a mode for measuring the blood flow velocity,
which is suitable for fast blood flow velocity measurement.
In the PW mode, the blood flow velocity at a specific
position can be known and can be displayed in a state of
being superimposed on the B mode image. In the CFM
mode, the average speed in positions at multiple points on an
ultrasonic reception beam is known and is used for discov-
ering backflow or the like.

[0092] The signal processing circuit U60 processes the
signal from the analog-to-digital converter U54 and obtains
diagnostic images of the various modes described above.
The diagnostic image is displayed on the display U80.
[0093] The TGC circuit in the example is not limited to the
2D array IC and can be used for reception of ultrasonic
signals by a normal ultrasonic probe such as 1D. Also, even
when the TGC circuit is mounted on a device side instead of
the probe, the equivalent TGC function can be realized.
[0094] Hereinbefore, the examples are described. How-
ever, the invention is not limited to the examples described
above and includes various modifications. For example, the
examples described above are described in detail in order to
explain the invention in an easy-to-understand manner and
are not necessarily limited to those having all the configu-
rations described.

1. A probe which transmits an ultrasonic wave to a
diagnostic site and receives a reception signal which is a
reflected wave, the probe comprising:
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a plurality of transducers;

a plurality of low-noise amplifying circuits respectively
corresponding to the plurality of transducers; and

a single differential converter which converts a control
signal rising with the elapse of time to a first bias signal
rising with the elapse of time and a second bias signal
falling with the elapse of time to control the plurality of
low-noise amplifying circuits, wherein

the low-noise amplifying circuit includes

an attenuator which attenuates an electric signal from the
transducet,

a first amplifying circuit which sets the first bias signal as
a bias and amplifies an output signal of the attenuvator
to be gradually increased with the elapse of time,

a second amplifying circuit which sets the second bias
signal as a bias and amplifies the output signal of the
attenuator to be gradually reduced with the elapse of
time, and

a subtractor which subtracts an output of the first ampli-
fying circuit and an output of the second amplifying
circuit.

2. The probe according to claim 1, wherein

during an operation period, the first bias signal is always
greater than the second bias signal.

3. The probe according to claim 1, wherein

using the second bias signal, an attenuation degree of the
attenuator is reduced with the elapse of time.

4. The probe according to claim 1, further comprising:

a constant current generation circuit for generating the
control signal by charging a capacitor with a constant
current.

5. The probe according to claim 4, wherein

the constant current generation circuit has a function of
discharging the capacitor and a function of fixing the
capacitor to a power supply voltage.

6. The probe according to claim 4, wherein

the constant current generation circuit has a function
capable of disconnecting the capacitor.

7. The probe according to claim 4, wherein

the constant current generation circuit has a function
capable of varying a constant current value for charging
the capacitor.

8. The probe according to claim 4, further comprising:

a switch realizing disconnection of the capacitor, wherein

the probe has a function of discharging after disconnect-
ing wiring used for charging the capacitor by the
switch.

9. The probe according to claim 1, wherein

the first bias signal is constant during the elapse of time.

10. The probe according to claim 1, wherein

the single differential converter can vary a gain by varying
the second bias signal.

11. The probe according to claim 1, wherein

a signal not attenuating with the attenuator turned off is
supplied to the first amplifying circuit and the second
amplifying circuit.

12. The probe according to claim 1, wherein

the first amplifying circuit and the second amplifying
circuit can be used as fixed gain amplifiers.

13. The probe according to claim 1, wherein

the first amplifying circuit and the second amplifying
circuit are first and second cascode-connected differ-
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ential amplifying circuits and realize the subtractor by
being connected after switching polarities of respective
outputs.

14. The probe according to claim 13, wherein

the first bias signal and the second bias signal are respec-
tively tail current sources of the first and second
cascode-connected differential amplifying circuits.

15. The probe according to claim 13, wherein

the attenuator is constituted by series-connecting a resis-
tor and a transistor.

16. The probe according to claim 15, wherein

a bias voltage of the tail current source of the second
cascode-connected differential amplifying circuit and a
bias voltage of the transistor constituting the attenuator
are shared.

17. The probe according to claim 13, wherein

the second amplifying circuit connects a capacitor
between sources of gate-grounded transistors of the
cascode-connected amplifying circuit to narrow a
desired frequency band as compared with that of the
first amplifying circuit.

18. The probe according to claim 1, wherein

the single differential converter and the plurality of low-
noise amplifying circuits are constituted of one semi-
conductor circuit and the plurality of low-noise ampli-
fying circuits are commonly controlled by the first bias
signal and the second bias signal in the single differ-
ential converter.

19. The probe according to claim 1, wherein

the second amplifying circuit controls the second bias
signal such that the second bias signal gradually
decreases with the elapse of time but falling of the
second bias signal is completed in a state where a
minute current flows.
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20. The probe according to claim 19, wherein

the minute current is obtained from a drain of a circuit
where a plurality of transistors with gates short-
circuited are series-connected.

21. The probe according to claim 18, wherein

a plurality of the semiconductor circuits are mounted, and

the control signal is shared by the plurality of semicon-
ductor circuits.

22. An ultrasonic diagnostic apparatus comprising:

a probe for transmitting an ultrasonic wave to a diagnostic
site and receiving a reception signal which is a reflected
wave; and

a signal processing circuit for obtaining information nec-
essary for diagnosis based on the reception signal,
wherein

the probe includes a plurality of transducers, a plurality of
low-noise amplifying circuits respectively correspond-
ing to the plurality of transducers, and a single differ-
ential converter which converts a control signal rising
with the elapse of time to a first bias signal rising with
the elapse of time and a second bias signal falling with
the elapse of time to control the plurality of low-noise
amplifying circuits, and

the low-noise amplifying circuit includes

an attenuator which attenuates an electric signal from the
transducer,

a first amplifying circuit which sets the first bias signal as
a bias and amplifies an output signal of the attenuator
to be gradually increased with the elapse of time,

a second amplifying circuit which sets the second bias
signal as a bias and amplifies the output signal of the
attenuator to be gradually reduced with the elapse of
time, and

a subtractor which subtracts an output of the first ampli-
fying circuit and an output of the second amplifying
circuit.
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