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ULTRASONIC OBSERVATION APPARATUS

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation application of
PCT/IP2005/022198 filed on Dec. 2, 2005 and claims ben-
efit of Japanese Application No. 2004-353426 filed in Japan
on Dec. 6, 2004, the entire contents of which are incorpo-
rated herein by this reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an ultrasonic
observation apparatus that generates transmit pulses suitable
for exciting an ultrasonic transducer.

[0004] 2. Description of the Related Art

[0005] Inrecent years, an ultrasonic observation apparatus
is connected to an ultrasonic endoscope or an ultrasonic
probe to perform a substantial diagnosis of the degree of
submucosal invasion of a change or an organ.

[0006] The distal end of the ultrasonic endoscope or
ultrasonic probe internally contains an ultrasonic transducer.
The electric driving pulses transmitted from the ultrasonic
observation apparatus and applied to the ultrasonic trans-
ducer are converted to acoustic ultrasonic pulses by the
ultrasonic transducer and are irradiated to an internal tissue.

[0007] The reflected waves returned from the internal
body are converted to electric signals by the ultrasonic
transducer, undergo signal processing and are displayed as
an ultrasonic tomographic image.

[0008] Conventionally, PZT (two-component system
piezoelectric ceramics Pb(T1,Zr)O3) transducer or a com-
plex piezoelectric element is used as the ultrasonic trans-
ducer, and a driving method suitable for the ultrasonic
transducer has been adopted.

[0009] For example, the fractional bandwidth of a con-
ventional PZT transducer is about 70%, and pulses having a
time slot of the center frequency are driven by about three
burst waves (continuous waves) in order to use the PZT
transducer efficiently.

[0010] The complex piezoelectric element has a signifi-
cantly wide fractional bandwidth of 100% or larger, com-
pared to a conventional PZT transducer.

[0011] In order to use such an ultrasonic transducer, the
frequency band of transmit pulses largely has increasingly
largely depended on an ultrasonic image thereof since the
frequency bandwidth of the complex piezoelectric element
is wider than the frequency bandwidth of the transmit pulse.

[0012] For example, THI (Tissue Harmonic Imaging) has
gathered attentions as a method for improving the lateral
resolution.

[0013] According to the technology, when ultrasonic sig-
nals of fundamental waves are transmitted from the ultra-
sonic transducer, the fundamental waves are distorted on a
propagation path within a body, and second- and third-order
harmonics occur.
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[0014] Imaging extracted signals of the harmonics occur-
ring in the internal body is called THI.

[0015] A technology for transmitting fundamental waves
only to the internal body and a technology for receiving the
harmonics occurring in the internal body are important for
performing THI. Therefore, the ultrasonic transducer must
have a wider fractional bandwidth, and an ultrasonic trans-
mitting circuit that generates ultrasonic fundamental waves
must have a configuration that prevents the occurrence of
harmonics.

[0016] The ultrasonic observation apparatus has a problem
unique to medical equipment.

[0017] An ultrasonic endoscope or ultrasonic probe must
be inserted to the inside of a human body, and, in order to
assure the security for a human being from the point of view,
the standards relating to electric security on leak current and
withstand voltage, for example, must be met.

[0018] In order to be satisfied with the standards on the
leak current and withstand voltage, a conventional ultrasonic
observation apparatus must have a patient circuit that floats
a circuit to which an ultrasonic endoscope or ultrasonic
probe is electrically connected, such as a transmitting circuit
part from a primary circuit (commercial power supply) of
the ultrasonic observation apparatus and a secondary circuit
(including the apparatus cabinet) that operates the inside of
the apparatus.

[0019] The ultrasonic observation apparatus must have the
patient circuit and, at the same time, keep the amount of
noise radiated to the outside of the apparatus (radiated
electromagnetic noise) equal to or lower than a provided
value.

[0020] The eradiated electromagnetic noise is restricted so
as to prevent an adverse effect to equipment used in a
medical organization, such as a pacemaker.

[0021] In order to reduce the radiated electromagnetic
noise, the current to be supplied to the patient circuit must
be kept as small as possible.

[0022] Weakening the electromagnetic noise by a current
loop in a size reduced as much as possible within a circuit
by reducing the circuit current is effective for reducing the
radiated electromagnetic noise.

[0023] If the circuit can be grounded to the apparatus
cabinet, like the secondary circuit, many ground points can
be obtained, which reduces the value of the current loop and
can thus reduce the amount of the radiated electromagnetic
noise.

[0024] However, in the patient circuit that cannot be
grounded to the apparatus cabinet, the value of the current
loop is relatively higher.

[0025] Reducing the current to be used in the patient
circuit is effective for reducing the amount of the radiated
electromagnetic noise in the patient circuit, and the circuit
current in conventional apparatus has not been increased.

[0026] While means for shielding the patient circuit by the
apparatus cabinet, which is a ground (GND) for the second-
ary circuit may be employed without limiting the circuit
current, the size of the apparatus itself increases, which is a
problem.
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[0027] Next, with reference to FIG. 7, a prior art by
Japanese Unexamined Patent Application Publication No.
2002-315749 will be described. FIG. 7 is a timing chart
showing a process of creating a transmit waveform.

[0028] An ultrasonic endoscope has a single ultrasonic
transducer at the distal end of the endoscope.

[0029] The ultrasonic transducer is rotated about the axis
of the endoscope insertion section by rotating rotational
driving power, and radial scanning of ultrasonic wave is
performed with the rotational scanning.

[0030] When the radial scanning is performed, a synchro-
nizing signal (A-phase trigger) is transmitted from the
ultrasonic endoscope to the ultrasonic observation apparatus
in synchronization with the rotation of the ultrasonic trans-
ducer.

[0031] The A-phase trigger generates 512 pulses, for
example, during one rotation of the ultrasonic transducer in
the radial direction.

[0032] The ultrasonic observation apparatus supplies
transmit signals (transmit pulses) in synchronization with
the 512 pulses to the ultrasonic transducer, obtains received
echoes thereof and creates one image.

[0033] In the prior art, transmit pulses of two burst waves
are outputted by handling the A-phase trigger as the syn-
chronizing signal.

[0034] The process for outputting two burst waves is
shown in FIG. 7.

[0035] By handling the A-phase trigger in FIG. 7 as the
synchronizing signal, a pulse of a uniform pulse width is
created.

[0036] The generated pulses are sequentially delayed as
the timing signals shown in FIG. 7 by eight delay elements
(which will be abbreviated simply to “delay” below) D1 to
D8.

[0037] The delays D1 and D2 create the first wave of the
synthesized pulse P1.

[0038] The delays D5 and D6 create the second wave of
the synthesized pulse P1.

[0039] The delays D3 and D4 create the first wave of the
synthesized pulse P2.

[0040] The delays D7 and D8 create the second wave of
the synthesized pulse P2.

[0041] The synthesized pulses P1 and P2 generated by the
delays D1 to D8 are inversed, added and synthesized to
obtain the output of the transmit pulse of two burst waves.

[0042] 1In order to obtain the output of the burst waves
from the synthesized pulses P1 and P2, waveforms switched
by a field-effect transistor (FET) are synthesized by using a
transformer. The amplitude of the output of the burst waves
is about 200 Vp-p.

[0043] However, in the prior art case in FIG. 7, obtaining
two burst waves, for example, as described above, requires
eight delay lines.

[0044] Furthermore, more delay lines are required for
increasing the number of the burst waves for the purpose of
improving the sensitivity by a transmit circuit or suppressing
the second-order harmonics.
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[0045] Means for increasing the number of burst waves is
disclosed in Japanese Unexamined Patent Application Pub-
lication No. 2002-315749 as a technology of using a pro-
grammable delay line, feeding back a pulse delayed once to
the input side and resetting the set value of the delay line to
generate an arbitrary pulse length.

[0046] The technology is certainly effective for reducing
the number of delay lines.

SUMMARY OF THE INVENTION

[0047] The present invention provides an ultrasonic obser-
vation apparatus connecting to an ultrasonic probe to be
inserted into a body cavity, which outputs transmit signals in
apulse shape to an ultrasonic transducer internally contained
in the ultrasonic probe, the apparatus including:

[0048] a secondary circuit having a ground connecting to
a cabinet of the ultrasonic observation apparatus;

[0049] a patient circuit insulated in direct current from the
cabinet and the ground;

[0050] a timing generating circuit provided in the second-
ary circuit and generating timing signals for generating the
transmit signals;

[0051] an insulating circuit insulating the timing signal
from the secondary circuit and transmitting the timing signal
to the patient circuit; and

[0052] a transmit signal generating circuit provided in the
patient circuit and generating the transmit signal in synchro-
nization with the inputted timing signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0053] FIG.1 is a configuration diagram showing an entire
configuration of an ultrasonic diagnosis apparatus including
Embodiment 1 of the present invention.

[0054] FIG. 2 is a timing chart showing operations in
Embodiment 1.

[0055] FIG. 3 is a configuration diagram showing an entire
configuration of an ultrasonic diagnosis apparatus including
Embodiment 2 of the present invention.

[0056] FIG. 4 is a timing chart showing operations in
Embodiment 2.

[0057] FIG.5 is a configuration diagram showing an entire
configuration of an ultrasonic diagnosis apparatus including
Embodiment 3 of the present invention.

[0058] FIG. 6 is a timing chart showing operations in
Embodiment 3.

[0059] FIG. 7 is a timing chart showing a process of
creating a transmit waveform in a prior art.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0060] With reference to drawings, embodiments of the
present invention will be described below.

Embodiment 1

[0061] With reference to FIGS. 1 and 2, Embodiment 1 of
the present invention will be described. FIG. 1 shows an
ultrasonic diagnosis apparatus including Embodiment 1 of
the present invention.
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[0062] An ultrasonic diagnosis apparatus 1 including
Embodiment 1 of the present invention shown in FIG. 1
includes an ultrasonic endoscope (abbreviated to ultrasonic
scope) 2, an ultrasonic endoscope observation apparatus
(which will be simply abbreviated to observation apparatus)
4 of Embodiment 1, and a monitor 5. The ultrasonic scope
2 is inserted into a body cavity. The ultrasonic scope 2 is
removably connected to the observation apparatus 4. The
observation apparatus 4 generates drive pulses (or transmit
pulses) for driving an ultrasonic transducer 3 internally
contained in the ultrasonic scope 2 and performs signal
processing on received ultrasonic signals. The monitor 5
displays video signals generated by the observation appa-
ratus 4.

[0063] The ultrasonic scope 2 has a long and narrow
insertion section 6 to be inserted into a body cavity. A distal
end 7 of the insertion section 6 has the ultrasonic transducer
3 that transmits/receives ultrasonic wave.

[0064] The distal end 7 of the ultrasonic scope 2 in this
case has illumination means and an observation optical
system, not shown, for performing optical observation. FIG.
1 only shows the ultrasonic probe part.

[0065] The ultrasonic transducer 3 internally provided in
the distal end 7 is mounted to the distal end of a flexible shaft
8 contained through the insertion section 6. The rear end of
the flexible shaft 8 is connected to a rotation driving section
11 provided in a grasping section 9 which is provided at the
rear end of the insertion section 6.

[0066] The rotation driving section 11 internally contains
a motor, not shown. In response to the rotation of the motor,
the rotational force is transmitted to the ultrasonic transducer
3 through the flexible shaft 8, and the ultrasonic transducer
3 rotates with the rotation of the motor.

[0067] The ultrasonic transducer 3 is connected to a rotor
side contact of a slip ring 13 within the grasping section 9
through a coaxial cable 12a contained through the flexible
shaft 8, for example. The rotor side contact is connected to
a contact of a connector 14 through the coaxial cable 125
connecting to a stator side contact of the slip ring. The
connector 14 is removably connected to the observation
apparatus 4.

[0068] The rotational axis of the motor, for example, of the
rotation driving section 11 within the grasping section 9 has
a position detecting section 15 that detects the position of the
rotational angle or amount of rotation of a rotary encoder, for
example. The connector 14 has a scope detecting section 16
for detecting frequency information and writing timing
information for imaging of the ultrasonic transducer 3
internally contained in the ultrasonic scope 2.

[0069] The scope detecting section 16 may generate or
store an identification signal for each scope or may be
constructed by connecting an identification resistance to a
contact pin of the connector. By connecting the connector 14
to the observation apparatus 4, the ultrasonic transducer 3 is
connected to an ultrasonic pulse generating section 17 and
an ultrasonic image creating section 18 within the observa-
tion apparatus 4. The rotation driving section 11, position
detecting section 15 and scope detecting section 16 are
connected to a first controller 19 within the observation
apparatus 4.
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[0070] The ultrasonic transducer 3 of the ultrasonic scope
2 is connected to a transmitting circuit 22 and a preamplifier
23, which function as a transmit signal generating circuit,
through a branch section 20 belonging to a patient circuit 21
within the observation apparatus 4. The transmitting circuit
22 has a pulse generating circuit 24, a pulse driver 25 and a
first insulating circuit 27a. The pulse generating circuit 24
generates transmit signals in a pulse shape, that is, transmit
pulses that drive the ultrasonic transducer 3. The pulse driver
25 drives the pulse generating circuit 24. The first insulating
circuit 27a insulates and transmits a timing signal from a
secondary circuit 26, which will be described later.

[0071] The first insulating circuit 27a is connected to an
insulating-circuit driver 28 belonging to the secondary cir-
cuit 26. The insulating-circuit driver 28 is connected to a
timing generating circuit 29 belonging to the secondary
circuit 26.

[0072] The timing generating circuit 29 is connected to a
memory 30 and a second controller 31.

[0073] The first controller 19 is connected to the second
controller 31 through a second insulating circuit 275 that
insulates and transmits an outputted signal thereof.

[0074] The preamplifier 23 that amplifies an echo signal
received by the ultrasonic transducer 3 is connected to an
ultrasonic image creating circuit 32 belonging to the sec-
ondary circuit 26 through a third insulating circuit 27¢ that
insulates and transmits signals. Video signals of the ultra-
sonic image created by the ultrasonic image creating circuit
32 are outputted to the monitor 5, and an ultrasonic tomo-
graphic image thereof is displayed on the display of the
monitor 5.

[0075] Respective power supplies, that is, the patient
circuit power supply and secondary circuit power supply are
provided from a power supply circuit 33 to the circuits
belonging to the patient circuit 21 and the circuits belonging
to the secondary circuit 26.

[0076] The ground (abbreviated to GND) of the secondary
circuit 26 is directly connected to a metallic apparatus
cabinet 34 of the observation apparatus 4. On the other hand,
the GND of the patient circuit 21 is connected to the
apparatus cabinet 34 through a high withstand voltage
capacitor 36. In this way, the GND of the patient circuit 21
is insulated (floated) in direct current from the apparatus
cabinet 34 and is close to conduction at low impedance with
sufficiently higher frequencies than the alternate current of a
commercial power supply. The apparatus cabinet 34 is
grounded.

[0077] The timing generating circuit 29 generates high
speed timing signals required for generating transmit pulses
and outputs the signals to the first insulating circuit 27a
through the insulating-circuit driver 28. The timing gener-
ating circuit 29 generates a pair of positive-pole and nega-
tive-pole pulses as timing signals in response to the genera-
tion of bipolar pulses by the pulse generating circuit 24 and
outputs the pulses to the first insulating circuit 27a through
the insulating-circuit driver 28 having two channels, as
described later.

[0078] The insulating-circuit deriver 28 having two chan-
nels includes a resistance 41a, a buffer 42a, a resistance 43a,
a resistance 41b, a buffer 426 and a resistance 435. The



US 2008/0009744 A1

outputted signals of the buffers 42a and 425 are outputted to
the pulse driver 25 through pulse transformers 44a and 445
included in the first insulating circuit 27a.

[0079] The pulse driver 25 also has two channels and
includes a resistance 454, a capacitor 46a, a resistance 47a,
a buffer 48a, a resistance 455, a capacitor 46b, a resistance
47b and a buffer 485.

[0080] The outputted signals from the buffers 48a and 485
of the pulse driver 25 are outputted to the pulse generating
circuit 24.

[0081] The pulse generating circuit 24 includes a power
FET 49a, a power FET 495, and a transformer 50. The power
FET 49a switches a power supply voltage Vce from OFF to
ON in response to a positive outputted pulse (positive pulse).
The power FET 496 switches the power supply voltage
+Vcee from OFF to ON in response to a negative outputted
pulse (negative pulse). The transformer 50 includes a pulse
transformer in which the outputted signals of the two power
FETs 49a and 496 are applied to a primary winding.
Transmit pulses in a bipolar waveform, which is induced and
synthesized at a secondary winding of the transformer 50,
are generated, and the transmit pulses are applied to the
ultrasonic transducer 3.

[0082] Based on the configuration in which the two FETs
49a and 49b are driven to output to the transformer 50,
bipolar transmit signals about zero volt are generated from
the transmit pulses outputted from the observation apparatus
4.

[0083] According to the present embodiment having this
configuration, a pair of pulses is generated as a timing signal
required for generation of a transmit pulse in the secondary
circuit 26 and increasing current consumption, and the pair
of pulses is transmitted to the pulse driver 25 side in the
patient circuit 21 through the insulating-circuit driver 28 and
insulating circuit 27a having two channels. Furthermore, a
configuration is adopted in which bipolar transmit pulses are
generated in the pulse generating circuit 24, which reduces
the size of the circuit configuration of the patient circuit 21,
reduces current consumption and effectively suppresses the
occurrence of noise (radiated electromagnetic noise).

[0084] Detecting the ultrasonic scope 2 connecting to the
observation apparatus 4 by using the scope detecting section
16 allows easy generation of transmit pulses at a frequency
and number of pulses properly compliant with a frequency
characteristic, for example, to be ultrasonically transmitted/
received by the ultrasonic transducer 3 internally contained
in the ultrasonic scope 2 (while the number of pulses, for
example, is limited in the prior art because of the use of
delay lines)

[0085] Next, operations of the components according to
the present embodiment will be described.

[0086] When the ultrasonic scope 2 is connected to the
observation apparatus 4, the scope detecting section 16
internally contained in the ultrasonic scope 2 can detect
information such as frequency information and writing
timing information for imaging of the ultrasonic transducer
3 within the connected ultrasonic scope 2.

[0087] The first controller 19 connecting to the scope
detecting section 16 transmits the information to the second
controller 31 through the insulating circuit 275.
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[0088] The second controller 31 instructs the timing gen-
erating circuit 29 the address of the memory 30 that stores
waveform generation data for creating transmit pulses for
driving the ultrasonic transducer 3.

[0089] When a scope switch on a control panel, not
shown, or the ultrasonic scope 2 is operated to input a scan
starting signal (unfreeze signal) to the first controller 19, the
first controller 19 transmits a drive signal to the motor within
the rotation driving section 11, and the motor rotates. The
rotation of the motor starts rotating the ultrasonic transducer
3 within the ultrasonic scope 2 about the insertion axis, as
indicated by the arrow in FIG. 1.

[0090] When the ultrasonic transducer 3 rotates, the posi-
tion information (A-phase and Z-phase signals) of the ultra-
sonic transducer 3 is obtained by the position detecting
section 15 within the ultrasonic scope 2. The A-phase signal
and the Z-phase signal, which is a reference pulse, outputted
once per rotation are inputted to the first controller 19, and
the waveforms are shaped. Then, the signals are inputted to
the second controller 31 through the insulating circuit 274.

[0091] The A-phase and Z-phase signals are transmitted to
the timing generating circuit 29 by the second controller 31
and, at the same time, are transmitted as a timing signal for
the ultrasonic image creating circuit 32. The ultrasonic
image creating circuit 32 performs image processing for
creating an ultrasonic tomographic image from echo signals
in synchronization with the timing signal.

[0092] The timing generating circuit 29 generates a basic
pulse (core pulse) with a transmit pulse waveform before
synthesized from the information from the scope detecting
section 16 and the A-phase signal as a timing signal for
transmit-pulse generation to be transmitted to the pulse
generating circuit 24. The timing generating circuit 29
basically includes a field programmable gate array (abbre-
viated to FPGA). The FPGA uses a timing clock at a
frequency of about 320 MHz.

[0093] Because of the use of the clock at about 320 MHz,
the time resolution of the basic pulse functioning as a timing
pulse generated by the pulse generating circuit 24 can be
about 3 ns.

[0094] As described above, as the operational speed of the
FPGA increases, the core voltage consumed within the
FPGA and the current consumption by an IO power supply
used by an external interface increase.

[0095] The core power supply and IO power supply to be
consumed by the FPGA are both 2A class though also
depending on the device type of the FPGA to be selected and
used.

[0096] If the delay lines in the prior art are used, the
current consumption is about 100 mA. On the other hand,
the use of the FPGA increases the amount of the current
consumption forty times.

[0097] The timing signal generated by the timing gener-
ating circuit 29 is transmitted to the insulating-circuit driver
28.

[0098] The timing signal is applied to the primary winding
sides of the pulse transformers 44a and 445 of the insulating
circuit 27a through the buffers 42a and 425 of the insulating-
circuit driver 28 therebefore. The signal is transmitted to the
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secondary side winding belonging to the patient circuit 21
insulated from the secondary circuit 26 on the primary
winding side and is outputted to the pulse driver 25. The
outputted signal by the insulating-circuit driver 28 is a high
frequency signal of a high frequency of a several MHz and
is transmitted to the pulse driver 25 through the pulse
transformers 44a and 44b.

[0099] In this way, the pulse transformers 44a and 445
insulate the insulating-circuit driver 28 on the secondary
circuit 26 side and the pulse driver 25 belonging to the
patient circuit 21. The insulation withstand voltage in direct
current between the secondary circuit 26 and the patient
circuit 21 by the pulse transformers 44a and 445, for
example, is about 4000 V, and the transmitting circuit 22
belonging to the patient circuit 21 is floated from the
secondary circuit 26. The pulse driver 25 amplifies and
shapes the transmitted pulse signal and outputs the result
from the output ends of the buffers 48a and 485 to the pulse
generating circuit 24.

[0100] The pulse generating circuit 24 includes the posi-
tive-pole driving FET 494 and negative-pole driving FET
495b and the transformer 50. The outputs of the FETs 49a and
49b are applied with relatively opposite phases to the
primary winding of the transformer 50 and are synthesized
to a bipolar output to the secondary winding.

[0101] The bipolar transmit pulse synthesized by the trans-
former 50 drives the ultrasonic transducer 3 accommodated
within the distal end 7 of the insertion section 6 through the
coaxial cable 124, and the like, within the ultrasonic scope
2 above.

[0102] The transmitting circuit 22 belonging to the patient
circuit 21 is connected to the GND by the apparatus cabinet
34 and the capacitor 36 with high withstand voltage and is
defined to have a nearly equal potential as that of the
apparatus cabinet 34 at high frequencies. Next, with refer-
ence to FIG. 2, details of the operations by the timing
generating circuit 29 and memory 30 will be described. As
described above, an A-phase signal is detected by the
position detecting section 15 of the ultrasonic scope 2. The
A-phase signal is shaped and transmitted to the timing
generating circuit 29 as an A-phase trigger as shown in FIG.
2(A).

[0103] The timing generating circuit 29 includes an
FPGA, for example, and the clock for operating the FPGA
is shown in FIG. 2(B) where the frequency is about 320
MHz.

[0104] The timing generating circuit 29 stores positive and
negative pole memory data for waveform generation from
the memory 30 to memories M1 and M2 in the FPGA based
on the signal from the scope detecting section 16.

[0105] Then, the timing generating circuit 29 sequentially
outputs the memory data stored in the memories M1 and M2
as shown in FIGS. 2(C) and 2(D) to the buffers 42a and 425
of the insulating circuit driver 28 with a short time delay
therebetween in a predetermined time from the A-phase
trigger as a pair of positive and negative pulses for gener-
ating transmit pulses.

[0106] The signals of the pulses outputted to the buffers
42a and 42b are transmitted to the subsequent component
(for generating transmit pulses) through the two channels as
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described above and are applied to the FETs 49a and 4956 of
the pulse generating circuit 24. The transformer 50 of the
pulse generating circuit 24 generates a transmit pulse in a
bipolar waveform as shown in FIG. 2(E), and the ultrasonic
transducer 3 is driven by the transmit pulses.

[0107] Then, when the next A-phase trigger occurs after a
lapse of a predetermined short period of time, the timing
generating circuit 29 generates the next positive pulse and
negative pulse in a predetermined time from the A-phase
trigger. The pulse generating circuit 24 generates the next
transmit pulses from the positive pulse and negative pulse.

[0108] The ultrasonic transducer 3 ultrasonically vibrates
(ultrasonically excites) in pulse shortly in response to the
application of the transmit pulses and sequentially transmits
the ultrasonic wave radially by rotating the insertion axis to
perform radial scanning. In this case, the ultrasonic wave is
transmitted to the internal wall surface within a body cavity
with which the tip 7 is in contact and is reflected by the part
having different acoustic impedances. The reflected ultra-
sonic wave is received by the ultrasonic transducer 3 and is
converted to an electric signal as an ultrasonic echo signal
(which will be simply called echo signal).

[0109] The echo signal is inputted from the branch section
20, which is switched immediately after the transmission of
the transmit pulses for radial transmission, to the preampli-
fier 23, is amplified therein, and is then inputted to the
ultrasonic image creating circuit 32 belonging to the sec-
ondary circuit 26 through the insulating circuit 27c.

[0110] The ultrasonic image creating circuit 32 internally
contains an A/D converting circuit and a memory and A/D
converts the radially transmitted echo signals and stores the
echo data to the memory. Then, the echo data for one frame
by the one rotation of the radial scanning undergoes con-
version processing by a digital scan converter (DSC) to
display on the monitor 5, and the ultrasonic tomographic
image is then displayed on the monitor 5.

[0111] By setting the data in the memory 30 to a desired
value as described above, a pulse waveform and pulse length
optimum for the connected ultrasonic transducer 3 can be
outputted.

[0112] In other words, though FIG. 2 shows an example of
the transmit pulses in a bipolar waveform of two waves,
transmit pulses in a bipolar waveforms of three or more
waves can be generated by changing the data within the
memory 30. Furthermore, the value of the frequency of the
pulse waveform can be changed.

[0113] The timing generating circuit 29 operates at a
significantly high clock speed, and the current consumption
increases. However, the timing generating circuit 29 is
provided in the secondary circuit 26, and the GND is
connected to the apparatus cabinet 34 of the observation
apparatus 4. Therefore, the radiated electromagnetic noise
can be significantly small.

[0114] The amount of the radiated electromagnetic noise
can be reduced by bringing the transmitting circuit 22
belonging to the patient circuit 21 into conduction in high
frequencies with the apparatus cabinet 34 through the
capacitor 36 having high withstand voltage to be stabilized
at the GND potential.
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[0115] Like the configuration, by providing the timing
generating circuit 29 consuming a large amount of power
within the secondary circuit 26, the transmission pulses at an
arbitrary frequency and number of pulses (pulse length) can
be generated. Thus, the size of the observation apparatus 4
can be decreased without increasing the amount of the
radiated electromagnetic noise.

[0116] In conclusion, the present embodiment has follow-
ing effects.

[0117] A transmission output at an arbitrary frequency and
a number of pulses (pulse length) can be obtained while
reducing the size of the circuit.

[0118] The current consumption of the patient circuit 21 to
which the ultrasonic scope 2 is connected can be reduced,
and the occurrence of the radiated electromagnetic noise by
handling the ultrasonic scope 2 belonging to the patient
circuit 21 as an antenna can be reduced.

[0119] Providing the timing generating circuit, which has
been provided in a patient circuit in the prior art, in the
secondary circuit, can reduce the size of the configuration of
the patient circuit and the size of the observation apparatus
body.

[0120] The necessity for using many delay lines like
conventional cases can be eliminated, which can reduce the
costs.

Embodiment 2

[0121] With reference to FIGS. 3 and 4, Embodiment 2 of
the present invention will be described next. FIG. 3 shows
an entire configuration of an ultrasonic diagnosis apparatus
1 including Embodiment 2 of the present invention. The
ultrasonic diagnosis apparatus 1 shown in FIG. 3 includes a
timing adjusting circuit 51 that adjusts timing for positive
pulse and negative pulse (by using a delay time) in the pulse
driver 25 included in the transmitting circuit 22 in the
ultrasonic diagnosis apparatus 1 in FIG. 1.

[0122] More specifically, the other end of the capacitor
464 serially connecting to one end of the secondary wiring
of the pulse transformer 44a is grounded through a resis-
tance 52a and is connected to the input end of the buffer 48a
through a variable delay 53a with a variable amount of
delay.

[0123] The other end of the capacitor 465 serially con-
necting to one end of the secondary wiring of the pulse
transformer 44b is grounded through a resistance 525 and is
connected to the input end of the buffer 486 through a
variable delay 535 with a variable amount of delay.

[0124] The rest of the configuration is the same as that of
Embodiment 1, and the description on the same components
will be omitted herein.

[0125] Though FIG. 3 shows the configuration including
the timing adjusting circuit 51 within the pulse driver 25, the
timing adjusting circuit 51 may be provided between the
insulating circuit 27a and the pulse driver 25.

[0126] The present embodiment is configured to address a
case that the positive pulse and negative pulse have different
amounts of delay in the path from the timing generating
circuit 29 to the pulse generating circuit 24.
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[0127] With reference to FIG. 4, details of the operation of
the present embodiment will be described next.

[0128] FIGS. 4(C) to 4(E) of FIG. 4 show a case that no
transmit pulses (output), which are not intended, can be
obtained because the positive pulse and the negative pulse
have different amounts of delay. Also in this case, by
providing the timing adjusting circuit 51, proper transmit
pulses can be obtained as shown in FIG. 4(J).

[0129] Like Embodiment 1, by handling the A-phase
trigger in FIG. 4(A) as a synchronizing signal, the timing
generating circuit 29 including an FPGA reads positive
memory data and negative memory data in the memory 30
and stores them in the memories M1 and M2 in the FPGA
in synchronization with the clock in FIG. 4(B).

[0130] Then, by handling the A-phase trigger as a syn-
chronizing signal, the data is read from the memories M1
and M2 as shown in FIGS. 4(C) and 4(D) at a predetermined
time, and the positive pulse and negative pulse are outputted
to the insulating-circuit driver 28 side.

[0131] The insulating circuit driver 28 applies the positive
pulse and the negative pulse to the pulse driver 25 through
the insulating circuit 27a. The pulse driver 25 transmits the
transmitted positive pulse and negative pulse to the pulse
generating circuit 24. The output of the transmit pulses is
generated by the pulse generating circuit, but the timings of
the positive pulse and negative pulse may be different due to
the influence of the path from the timing generating circuit
29 to the pulse generating circuit 24.

[0132] If the propagation path of the two channels have
different amounts of delay like a large amount of delay for
a positive pulse and a small amount of delay for a negative
pulse, the output (transmit pulses) in a waveform shown in
FIG. 4(E) is obtained, meaning that the intended waveform
cannot be obtained.

[0133] The present embodiment allows solving the prob-
lem in this case. If the propagation paths for positive pulses
and negative pulses have different amounts of delay as
described above, the correction is performed in the follow-
ing steps.

[0134] If a propagation delay occurs in the path from the
timing generating circuit 29 to the pulse generating circuit
24, the output timings of the memories M1 and M2 are
corrected like memories M1' and M2' shown in FIGS. 4(F)
and 4(G) (that is, the timings of the occurrence (output) of
the positive pulses and negative pulses are defined earlier).

[0135] Next, the amounts of delay for the positive pulses
and negative pulses are adjusted by the timing adjusting
circuit 51 such that the transmit pulses outputted by the pulse
generating circuit 24 can have the waveform in FIG. 4(J).
For example, the positive pulses are delayed by d1 by the
variable delay 53a as shown in FIG. 4(H), and the negative
pulses are delayed by d2 by the variable delay 535 as shown
in FIG. 4(I) so that transmit pulses in a desired waveform
can be obtained.

[0136] This configuration allows proper correction of the
difference in propagation delay by the timing adjusting
circuit 51 even when the timing generating circuit 29
consuming a large current is provided in the secondary
circuit 26 and the two channels have different propagation
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delays in the propagation path from the timing generating
circuit 29 to the patient circuit 21.

[0137] The timing adjusting circuit 51 can be implemented
by a significantly small circuit since a large amount of delay
is not required.

[0138] Furthermore, the amount of the radiated electro-
magnetic noise is not increased since the power consump-
tion is not changed very much.

[0139] In addition to the effects of Embodiment 1, the
present embodiment can advantageously address even the
case where the positive pulses and negative pulses have
different amounts of delay in the path from the timing
generating circuit 29 to the pulse generating circuit 24.

Embodiment 3

[0140] With reference to FIGS. 5 and 6, Embodiment 3 of
the present invention will be described next. FIG. 5 shows
an entire configuration of an ultrasonic diagnosis apparatus
including Embodiment 3.

[0141] In the ultrasonic diagnosis apparatus 1, the timing
generating circuit 29 generates timing signals of two chan-
nels as in the ultrasonic diagnosis apparatus 1 of the
Embodiment 1. The ultrasonic diagnosis apparatus 1 further
includes a DAC circuit 61, which converts digital signals to
analog signals, that is, D/A converts, is connected to a first
channel side of the two channels. The outputted signal of the
DAC circuit 61 is inputted along with the signal of the
second channel side outputted from the timing generating
circuit 29 to the insulating-circuit driver 28.

[0142] According to the present embodiment, an amplifier
62 is connected to the output end of the first channel side in
the insulating circuit 27a through the capacitor 46a, for
example.

[0143] The output end of the amplifier 62 is connected to
a matching resistance 63 and is connected to the ultrasonic
transducer 3 of the ultrasonic scope 2 through the branch
section 20. The ultrasonic transducer 3 is driven by the
transmit pulses outputted from the amplifier 62.

[0144] On the other hand, the other outputted signal of the
timing generating circuit 29 is inputted to a bias circuit 64
provided within the patient circuit 21 through the insulating-
circuit driver 28 and the insulating circuit 27a. The bias
circuit 64 includes a buffer circuit 65, for example. The
outputted signal of the bias circuit 64 is connected to a bias
terminal that controls an amplifying operation by the ampli-
fier 62.

[0145] Then, the bias circuit 64 generally applies a signal
of “L”-level to the bias terminal to define the amplifier 62
not to perform the amplifying operation. During a period
where transmit signals occur, the bias circuit 64 applies a
signal of “H”-level to the bias terminal to define to perform
the amplifying operation. In other words, the other outputted
signal (second signal) outputted by the timing generating
circuit 29 functions as a control signal that controls the
operation by the amplifier 62 included in the transmitting
circuit 22.

[0146] The present embodiment configures the ultrasonic
transducer 3 to be capable of generating transmit pulses
(transmit signals) in a waveform having a less harmonic
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component. For this reason, the timing generating circuit 29
transmits signals in a transmit pulse waveform to the trans-
mitting circuit 22 side through one channel and transmits a
control signal that operates the amplifier 62 of the transmit-
ting circuit 22 through the other channel during a period for
generating transmit pulses.

[0147] According to the present embodiment, the power
supply circuit 33 functions as a bipolar patient circuit power
supply (though only functions as a positive (single pole)
patient circuit power supply in Embodiments 1 and 2). The
power supply circuit 33 can output in a bipolar manner also
through the secondary circuit power supply (though only
functions as a positive (single pole) secondary circuit power
supply in Embodiment 1 and 2).

[0148] With reference to FIG. 6, operations of the present
embodiment will be described next.

[0149] Like Embodiment 1 as described above, a transmit
pulse is obtained in synchronization with an A-phase trigger.
FIG. 6(A) shows the A-phase trigger. The timing generating
circuit 29 includes an FPGA that operates at a clock speed
of about 320 MHz shown in FIG. 6(B) like Embodiment 1.

[0150] The FPGA reads memory data stored in the
memory 30.

[0151] While the memory data is data descriptions of one
bit in Embodiment 1, the memory data in the present
embodiment is data descriptions of 8 bits.

[0152] The memory data in the memory 30, which is read
once by the FPGA, is outputted in 8 bits in synchronization
with the clock after a lapse of a predetermined period of time
from the A-phase trigger.

[0153] The memory data of 8 bits outputted from the
FPGA can have an amplitude in an arbitrary waveform
through the DAC circuit 61 like the DAC output in FIG.
6(C).

[0154] At the same time, the FPGA (that is, the timing
generating circuit 29) generates, as the other output, a bias
circuit output functioning as a control signal (for the ampli-
fier 62) to be outputted to the bias circuit 64 as shown in
FIG. 6(D).

[0155] The bias circuit output is generated by the timing
generating circuit 29 by reading the data from the memory
30, for example.

[0156] The DAC output and the bias circuit output are
applied to the amplifier 62 in the patient circuit 21 through
the insulating-circuit driver 28 and the insulating circuit 27a.

[0157] The amplifier 62 is generally at OFF state for most
of time without the application of the bias circuit output (at
an output level equal to zero or “L”-level) and does not
perform an amplifying operation. In response to the appli-
cation of the bias circuit output shown in FIG. 6(D) by the
bias circuit 64, bias current flows into the amplifier 62, and
the amplifier 62 is enabled to perform an amplifying opera-
tion.

[0158] As described above, after the bias circuit output is
supplied to the amplifier 62 as a preceding control signal, the
DAC output shown in FIG. 6(C) is applied to the amplifier
62.
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[0159] The amplifier 62 linearly amplifies the signal input-
ted through the DAC circuit 61 to have an amplitude of
about 200 Vpp.

[0160] The amplified transmit output is applied to the
ultrasonic transducer 3 of the ultrasonic scope 2 as transmit
pulses, and ultrasonic wave is excited.

[0161] The transmit pulses in FIG. 6(E) are drive signals
to be applied to the ultrasonic transducer 3, and the transmit
pulses can have a transmit waveform resulting from the
suppression of harmonics of the pulse waveform of the
fundamental waves by several tens dB.

[0162] In other words, according to the present embodi-
ment, the high harmonic component of a transmit waveform
can be largely reduced even when a broadband ultrasonic
transducer 3 is used.

[0163] The high harmonic component of a receive signal
returned from a subject can be received and converted to an
echo signal efficiently by the broadband transducer 3, which
significantly increases the sensitivity for creating an image
of THI.

[0164] Therefore, in the ultrasonic image creating circuit
32 according to the present embodiment, the processing of
creating an ultrasonic image based on fundamental waves
can be performed from the echo signals received and
obtained by the ultrasonic transducer 3, and an ultrasonic
image with a high lateral resolution can be obtained by
extracting and imaging the signal component of second or
third-order harmonics of fundamental waves of the echo
signals to suppress the side lobe.

[0165] According to the present embodiment, by perform-
ing ON/OFF control over the operation of the amplifier 62
by the bias circuit 64, the transmitting circuit 22 can be
configured with minimum and necessary power consump-
tion, and the size of the patient circuit 21 can be reduced,
which reduces the size of the circuits of the observation
apparatus 4 and can reduce the size and costs.

[0166] The current consumption can be reduced, which
can reduce the amount of radiated noise.

[0167] According to the present embodiment, in addition
to the effects of Embodiment 1, transmit pulses can be
generated in a pulse waveform suitable for a characteristic of
the ultrasonic transducer 3 internally contained in the ultra-
sonic scope 2 connecting to the observation apparatus 4 (in
other words, in a substantially arbitrary pulse waveform).

[0168] The present embodiment has an effect that allows
improvement of the sensitivity of THI since harmonics can
be suppressed in the waveform of transmit pulses.

[0169] Furthermore, weighting can be performed with a
window function such as Gaussian window, which can
contribute to the suppression of side lobes and improvement
of the resolution.

[0170] Having described the case with the ultrasonic scope
2, the present invention is also applicable to an ultrasonic
probe only including the ultrasonic transducer 3 without any
optical observation means in the distal end 7 of the insertion
section 6.

[0171] In the embodiments above, another capacitor in
addition to the capacitor 36 and a switch, which is serially
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connected to the capacitor for switching ON/OFF the con-
nection to the apparatus cabinet 34, may be provided. Thus,
the connection to the apparatus cabinet 34 may be switched
OFF during a period when transmit pulses occur and be
switched ON during a period when processing on echo
signals is performed after the output of transmit pulses.

[0172] In other words, during a period when processing is
performed on echo signals after the output of transmit
pulses, the GND of the patient circuit 21 is brought into
conduction at high frequencies by the impedance by the
capacitor 36, and the GND of the patient circuit 21 is
brought into conduction at high frequencies by another
capacitor. Then, the external intrusion of noise can be
reduced during an operation for creating an ultrasonic image
in signal processing on echo signals such that an ultrasonic
image with a high S/N can be created.

[0173] As described above, according to the present
invention, the size of the circuit and the amount of radiated
electromagnetic noise can be reduced, and transmit signals
can be generated in an arbitrary waveform (with a few
restrictions for waveforms) suitable for driving an ultrasonic
transducer.

[0174] Having described the preferred embodiments of the
invention referring to the accompanying drawings, it should
be understood that the present invention is not limited to
those precise embodiments and various changes and modi-
fications thereof could be made by one skilled in the art
without departing from the spirit or scope of the invention as
defined in the appended claims.

What is claimed is:

1. An ultrasonic observation apparatus connecting to an
ultrasonic probe to be inserted into a body cavity, which
outputs transmit signals in a pulse shape to an ultrasonic
transducer internally contained in the ultrasonic probe, the
apparatus comprising:

a secondary circuit having a ground connecting to a
cabinet of the ultrasonic observation apparatus;

a patient circuit insulated in direct current from the
cabinet and the ground;

a timing generating circuit provided in the secondary
circuit and generating timing signals for generating the
transmit signals;

an insulating circuit insulating the timing signal from the
secondary circuit and transmitting the timing signal to
the patient circuit; and

a transmit signal generating circuit provided in the patient
circuit and generating the transmit signal in synchro-
nization with the inputted timing signal.

2. The ultrasonic observation apparatus according to
claim 1, wherein the timing signal generating circuit gen-
erates a pair of timing pulses for generating the transmit
signal.

3. The ultrasonic observation apparatus according to
claim 1, wherein the insulating circuit has first and second
insulating circuits for transmitting the timing signals.

4. The ultrasonic observation apparatus according to
claim 2, wherein the insulating circuit has first and second
insulating circuits for transmitting the pair of timing pulses.
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5. The ultrasonic observation apparatus according to
claim 2, further comprising an adjusting circuit that can
adjust the propagation time of at least one timing pulse of the
pair of timing pulses.

6. The ultrasonic observation apparatus according to
claim 5, wherein the adjusting circuit is provided within the
patient circuit.

7. The ultrasonic observation apparatus according to
claim 1, wherein the transmit signal generating circuit
generates the transmit signals in a bipolar waveform from
the timing signals inputted through the insulating circuit.

8. The ultrasonic observation apparatus according to
claim 4, wherein the transmit signal generating circuit
generates the transmit signals in a bipolar waveform from
the pair of timing pulses inputted through the first and
second insulating circuits.

9. The ultrasonic observation apparatus according to
claim 8, wherein the transmit signal generating circuit has a
pair of switching elements switching the pair of timing
pulses, respectively.

10. The ultrasonic observation apparatus according to
claim 9, wherein the transmit signal generating circuit has a
transformer synthesizing outputted signals of the pair of
switching elements and generating the transmit signals in the
bipolar waveform.

11. The ultrasonic observation apparatus according to
claim 1, wherein the patient circuit has a ground connecting
to the cabinet through a capacitor.

12. The ultrasonic observation apparatus according to
claim 1, further comprising information detecting means for
detecting information on the ultrasonic transducer from the
ultrasonic probe connecting to the ultrasonic observation
apparatus.
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13. The ultrasonic observation apparatus according to
claim 12, further comprising a control circuit controlling the
timing signals generated by the timing generating circuit
from the information.

14. The ultrasonic observation apparatus according to
claim 1, wherein the timing signal generating circuit has
memory means for storing pulse data for generating multiple
kinds of pulse waveform as the timing signals.

15. The ultrasonic observation apparatus according to
claim 1, wherein the timing signal generating circuit has a
field programmable gate array.

16. The ultrasonic observation apparatus according to
claim 1, wherein the timing signal generating circuit gen-
erates, as the timing signals, a first signal in a waveform
corresponding to the transmit signals and a second signal
controlling an operation of the transmit signal generating
circuit to which the first signal is inputted.

17. The ultrasonic observation apparatus according to
claim 16, wherein the insulating circuit has insulating cir-
cuits in two channels for transmitting the first signal and the
second signal to the patient circuit.

18. The ultrasonic observation apparatus according to
claim 16, wherein the timing signal generating circuit has a
digital-to-analog converting circuit generating the first sig-
nal from multiple digital signals.

19. The ultrasonic observation apparatus according to
claim 16, wherein the transmit signal generating circuit has
an amplifying circuit amplifying the first signal and gener-
ating the transmit signals.

20. The ultrasonic observation apparatus according to
claim 19, wherein the amplifying circuit has an amplifying
function controlled by the application of the second signal.
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