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(57)  An ultrasonic probe to be inserted into a body
cavity internally contains an ultrasonic transducer. An ul-
trasonic observation apparatus to which the ultrasonic
probe is connected outputs transmit signals in a pulse
shape. A cabinet of the ultrasonic observation apparatus
is connected to a ground of a secondary circuit and is
insulated is direct current from the ground of a patient

ULTRASONIC OBSERVATION APPARATUS

circuit. The secondary circuit has a timing generating cir-
cuit generating timing signals for generating the transmit
signals. An insulating circuit insulates the timing signals
from the secondary circuit and transmits the timing sig-
nals to the patient circuit. The patient circuit has a transmit
signal generating circuit generating the transmit signals
in synchronization with the inputted timing signals.
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Description
Technical Field

[0001] The present invention relates to an ultrasonic
observation apparatus that generates transmit pulses
suitable for exciting an ultrasonic transducer.

Background Art

[0002] In recent years, an ultrasonic observation ap-
paratus 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.
[0003] The distal end of the ultrasonic endoscope or
ultrasonic probe internally contains an ultrasonic trans-
ducer. The electric driving pulses transmitted from the
ultrasonic observation apparatus and applied to the ul-
trasonic transducer are converted to acoustic ultrasonic
pulses by the ultrasonic transducer and are irradiated to
an internal tissue.

[0004] 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.

[0005] Conventionally, PZT (two-component system
piezoelectric ceramics Pb(Ti,Zr)O3) transducer oracom-
plex piezoelectric element is used as the ultrasonic trans-
ducer, and a driving method suitable for the ultrasonic
transducer has been adopted.

[0006] Forexample, the fractional bandwidth of a con-
ventional PZT transducer is about 70%, and pulses hav-
ing a time slot of the center frequency are driven by about
three burst waves (continuous waves) in order to use the
PZT transducer efficiently.

[0007] The complex piezoelectric element has a sig-
nificantly wide fractional bandwidth of 100% or larger,
compared to a conventional PZT transducer.

[0008] In order to use such an ultrasonic transducer,
the frequency band of transmit pulses largely has in-
creasingly largely depended on an ultrasonic image
thereof since the frequency bandwidth of the complex
piezoelectric element is wider than the frequency band-
width of the transmit pulse.

[0009] For example, THI (Tissue Harmonic Imaging)
has gathered attentions as a method for improving the
lateral resolution.

[0010] According to the technology, when ultrasonic
signals of fundamental waves are transmitted from the
ultrasonic transducer, the fundamental waves are dis-
torted on a propagation path within a body, and second-
and third-order harmonics occur.

[0011] Imaging extracted signals of the harmonics oc-
curring in the internal body is called THI.

[0012] A technology for transmitting fundamental
waves only to the internal body and a technology for re-
ceiving the harmonics occurring in the internal body are
important for performing THI. Therefore, the ultrasonic
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transducer must have a wider fractional bandwidth, and
an ultrasonic transmitting circuit that generates ultrasonic
fundamental waves must have a configuration that pre-
vents the occurrence of harmonics.

[0013] The ultrasonic observation apparatus has a
problem unique to medical equipment.

[0014] 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.

[0015] In order to be satisfied with the standards on
the leak current and withstand voltage, a conventional
ultrasonic observation apparatus must have a patient cir-
cuit 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.

[0016] 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.

[0017] The eradiated electromagnetic noise is restrict-
ed so as to prevent an adverse effect to equipment used
in a medical organization, such as a pacemaker.

[0018] Inorder to reduce the radiated electromagnetic
noise, the currentto be supplied to the patient circuit must
be kept as small as possible.

[0019] Weakening the electromagnetic noise by a cur-
rent loop in a size reduced as much as possible within a
circuit by reducing the circuit current is effective for re-
ducing the radiated electromagnetic noise.

[0020] 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 elec-
tromagnetic noise.

[0021] However, in the patient circuit that cannot be
grounded to the apparatus cabinet, the value of the cur-
rent loop is relatively higher.

[0022] 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 in-
creased.

[0023] While means for shielding the patient circuit by
the apparatus cabinet, which is a ground (GND) for the
secondary circuit may be employed without limiting the
circuit current, the size of the apparatus itself increases,
which is a problem.

[0024] Next, with reference to Fig. 7, a prior art by Jap-
anese Unexamined Patent Application Publication No.
2002-315749 will be described. Fig. 7 is a timing chart
showing a process of creating a transmit waveform.
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[0025] Anultrasonic endoscope has a single ultrasonic
transducer at the distal end of the endoscope.

[0026] The ultrasonic transducer is rotated about the
axis of the endoscope insertion section by rotating rota-
tional driving power, and radial scanning of ultrasonic
wave is performed with the rotational scanning.

[0027] When the radial scanning is performed, a syn-
chronizing signal (A-phase trigger) is transmitted from
the ultrasonic endoscope to the ultrasonic observation
apparatus in synchronization with the rotation of the ul-
trasonic transducer.

[0028] The A-phase trigger generates 512 pulses, for
example, during one rotation of the ultrasonic transducer
in the radial direction.

[0029] The ultrasonic observation apparatus supplies
transmit signals (transmit pulses) in synchronization with
the 512 pulses to the ultrasonic transducer, obtains re-
ceived echoes thereof and creates one image.

[0030] In the prior art, transmit pulses of two burst
waves are outputted by handling the A-phase trigger as
the synchronizing signal.

[0031] The process for outputting two burst waves is
shown in Fig. 7.
[0032] By handling the A-phase trigger in Fig. 7 as the

synchronizing signal, a pulse of a uniform pulse width is
created.

[0033] The generated pulses are sequentially delayed
as the timing signals shown in Fig. 7 by eight delay ele-
ments (which will be abbreviated simply to "delay" below)
D1 to D8.

[0034] The delays D1 and D2 create the first wave of
the synthesized pulse P1.

[0035] The delays D5 and D6 create the second wave
of the synthesized pulse P1.

[0036] The delays D3 and D4 create the first wave of
the synthesized pulse P2.

[0037] The delays D7 and D8 create the second wave
of the synthesized pulse P2.

[0038] The synthesized pulses P1 and P2 generated
by the delays D1 to D8 are inversed, added and synthe-
sized to obtain the output of the transmit pulse of two
burst waves.

[0039] In 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 synthe-
sized by using a transformer. The amplitude of the output
of the burst waves is about 200 Vp-p.

[0040] However,inthe priorartcaseinFig. 7, obtaining
two burst waves, for example, as described above, re-
quires eight delay lines.

[0041] 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 sup-
pressing the second-order harmonics.

[0042] Meansforincreasingthe numberof burstwaves
is disclosed in Japanese Unexamined Patent Application
Publication No. 2002-315749 as a technology of using a
programmable delay line, feeding back a pulse delayed
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once to the input side and resetting the set value of the
delay line to generate an arbitrary pulse length.

[0043] The technology is certainly effective for reduc-
ing the number of delay lines.

[0044] However, the circuit can only address the gen-
eration of slower pulses. For example, it is assumed that
eight programmable lines are used for generating four
burst waves of one half-wave length of 16 ns (about 30
MHz).

[0045] Since two burst waves can be generated by
eight delay lines, the period of time therefor is 16 ns X 4
=64 ns.

[0046] At the present device operational speed, it is
difficult to hold outputted pulses by a timing controller,
read delay data from a delay data creating section and
set the data in the programmable delay lines.

[0047] Furthermore, at least about eight delay lines
must be used, which may increase the costs. As an al-
ternative of the delay lines, an FPGA (Field Programma-
ble Gate Array) may be used for generating timing signals
for generating pulses.

[0048] The timing for the pulse width adjustment is in
the order of one to several ns, and the master clock of
the FPGA requires 1 GHz to 300 MHz approximately.
[0049] Usingthe FPGA requires large currentin power
consumption, as described in the prior art, which is a
disadvantage that significantly increases the amount of
noise against the suppression of radiated electromag-
netic noise for a patient circuit.

[0050] The present invention was made in view of
these problems, and it is an object of the invention to
provide an ultrasonic observation apparatus that can
generate transmit signals having a waveform compliant
with a characteristic of an ultrasonic transducer, for ex-
ample, reducing the occurrence of radiated electromag-
netic noise and reducing costs.

Disclosure of Invention
Means for Solving the Problems

[0051] The present invention provides 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 in-
ternally contained in the ultrasonic probe, the apparatus
including:

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 sig-
nal to the patient circuit; and
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a transmit signal generating circuit provided in the
patient circuit and generating the transmit signal in
synchronization with the inputted timing signal.

[0052] The occurrence of noise in a secondary circuit
is suppressed by providing a timing generating circuit,
which handles high speed timing signals, in the second-
ary circuit having a ground connecting to the cabinet of
an ultrasonic observation apparatus and by connecting
the ground of the secondary circuit to the cabinet as in
the configuration above.

[0053] The electromagnetic radiated noise can be sup-
pressed by suppressing the value of current required in
a patient circuit by providing a transmit signal generating
circuit, which generates transmit signals, in the patient
circuit and transmitting timing signals generated in the
secondary circuit to the patient circuit through an insu-
lating circuit. Furthermore, in this case, the size of the
patient circuit can be reduced, which can reduce the size
and costs of the ultrasonic observation apparatus.

Brief Description of the Drawings
[0054]

Fig. 1 is a configuration diagram showing an entire
configuration of an ultrasonic diagnosis apparatus
including Embodiment 1 of the present invention.
Fig. 2 is a timing chart showing operations in Em-
bodiment 1.

Fig. 3 is a configuration diagram showing an entire
configuration of an ultrasonic diagnosis apparatus
including Embodiment 2 of the present invention.
Fig. 4 is a timing chart showing operations in Em-
bodiment 2.

Fig. 5 is a configuration diagram showing an entire
configuration of an ultrasonic diagnosis apparatus
including Embodiment 3 of the present invention.
Fig. 6 is a timing chart showing operations in Em-
bodiment 3.

Fig. 7 is a timing chart showing a process of creating
a transmit waveform in a prior art.

Best Mode for Carrying Out the Invention

[0055] With reference to drawings, embodiments of
the present invention will be described below.

EMBODIMENT 1

[0056] 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.

[0057] An ultrasonic diagnosis apparatus 1 including
Embodiment 1 of the present invention shown in Fig. 1
includes an ultrasonic endoscope (abbreviated to ultra-
sonic scope) 2, an ultrasonic endoscope observation ap-
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paratus (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 ul-
trasonic scope 2 is removably connected to the obser-
vation apparatus 4. The observation apparatus 4 gener-
ates drive pulses (or transmit pulses) for driving an ultra-
sonic transducer 3 internally contained in the ultrasonic
scope 2 and performs signal processing on received ul-
trasonic signals. The monitor 5 displays video signals
generated by the observation apparatus 4.

[0058] 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.
[0059] 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.

[0060] 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.
[0061] The rotation driving section 11 internally con-
tains a motor, not shown. In response to the rotation of
the motor, the rotational force is transmitted to the ultra-
sonic transducer 3 through the flexible shaft 8, and the
ultrasonic transducer 3 rotates with the rotation of the
motor.

[0062] 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 12b connecting to a stator side contact of
the slip ring. The connector 14 is removably connected
to the observation apparatus 4.

[0063] The rotational axis of the motor, for example,
of the rotation driving section 11 within the grasping sec-
tion 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 infor-
mation and writing timing information for imaging of the
ultrasonic transducer 3 internally contained in the ultra-
sonic scope 2.

[0064] 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 con-
nector 14 to the observation apparatus 4, the ultrasonic
transducer 3 is connected to an ultrasonic pulse gener-
ating section 17 and an ultrasonic image creating section
18 within the observation apparatus 4. The rotation driv-
ing 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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[0065] 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 gen-
erating 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 firstinsulating circuit 27a. The
pulse generating circuit 24 generates transmit signals in
a pulse shape, that is, transmit pulses that drive the ul-
trasonic 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.

[0066] The first insulating circuit 27a is connected to
an insulating-circuit driver 28 belonging to the secondary
circuit 26. The insulating-circuit driver 28 is connected to
a timing generating circuit 29 belonging to the secondary
circuit 26.

[0067] The timing generating circuit 29 is connected
to a memory 30 and a second controller 31.

[0068] The first controller 19 is connected to the sec-
ond controller 31 through a second insulating circuit 27b
that insulates and transmits an outputted signal thereof.
[0069] The preamplifier 23 that amplifies an echo sig-
nal received by the ultrasonic transducer 3 is connected
to an ultrasonic image creating circuit 32 belonging to
the secondary circuit 26 through a third insulating circuit
27c that insulates and transmits signals. Video signals
of the ultrasonic image created by the ultrasonic image
creating circuit 32 are outputted to the monitor 5, and an
ultrasonic tomographic image thereof is displayed on the
display of the monitor 5.

[0070] 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 belong-
ing to the secondary circuit 26.

[0071] The ground (abbreviated to GND) of the sec-
ondary circuit 26 is directly connected to a metallic ap-
paratus cabinet 34 of the observation apparatus 4. On
the other hand, the GND of the patient circuit 21 is con-
nected to the apparatus cabinet 34 through a high with-
stand 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.

[0072] 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
generating circuit 29 generates a pair of positive-pole
and negative-pole pulses as timing signals in response
to the generation of bipolar pulses by the pulse generat-
ing circuit 24 and outputs the pulses to the first insulating
circuit 27a through the insulating-circuit driver 28 having
two channels, as described later.
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[0073] The insulating-circuit deriver 28 having two
channels includes a resistance 41a, a buffer 42a, a re-
sistance 43a, a resistance 41b, a buffer 42b and a resist-
ance 43b. The outputted signals of the buffers 42a and
42b are outputted to the pulse driver 25 through pulse
transformers 44a and 44b included in the first insulating
circuit 27a.

[0074] The pulse driver 25 also has two channels and
includes a resistance 45a, a capacitor 46a, a resistance
47a, a buffer 48a, a resistance 45b, a capacitor 46b, a
resistance 47b and a buffer 48b.

[0075] The outputted signals from the buffers 48a and
48b of the pulse driver 25 are outputted to the pulse gen-
erating circuit 24.

[0076] The pulse generating circuit 24 includes a pow-
er FET 49a, a power FET 49b, and a transformer 50. The
power FET 49a switches a power supply voltage Vcc
from OFF to ON in response to a positive outputted pulse
(positive pulse). The power FET 49b switches the power
supply voltage +Vcc from OFF to ON in response to a
negative outputted pulse (negative pulse). The trans-
former 50 includes a pulse transformer in which the out-
putted signals of the two power FETs 49a and 49b are
applied to a primary winding. Transmit pulses in a bipolar
waveform, which is induced and synthesized at a sec-
ondary winding of the transformer 50, are generated, and
the transmit pulses are applied to the ultrasonic trans-
ducer 3.

[0077] 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.

[0078] 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 consump-
tion, and the pair of pulses is transmitted to the pulse
driver 25 side in the patient circuit 21 through the insu-
lating-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).

[0079] 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 ultra-
sonically transmitted/received by the ultrasonic transduc-
er 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)

[0080] Next, operations of the components according
to the present embodiment will be described.

[0081] When the ultrasonic scope 2 is connected to
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the observation apparatus 4, the scope detecting section
16 internally contained in the ultrasonic scope 2 can de-
tect information such as frequency information and writ-
ing timing information for imaging of the ultrasonic trans-
ducer 3 within the connected ultrasonic scope 2.

[0082] The first controller 19 connecting to the scope
detecting section 16 transmits the information to the sec-
ond controller 31 through the insulating circuit 27b.
[0083] The second controller 31 instructs the timing
generating circuit 29 the address of the memory 30 that
stores waveform generation data for creating transmit
pulses for driving the ultrasonic transducer 3.

[0084] 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 ul-
trasonic transducer 3 within the ultrasonic scope 2 about
the insertion axis, as indicated by the arrow in Fig. 1.
[0085] When the ultrasonic transducer 3 rotates, the
position information (A-phase and Z-phase signals) of
the ultrasonic 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 refer-
ence 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 27b.

[0086] The A-phase and Z-phase signals are transmit-
ted to the timing generating circuit 29 by the second con-
troller 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 sig-
nal.

[0087] The timinggenerating circuit 29 generates a ba-
sic 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 (abbreviated to FPGA). The FPGA uses a timing
clock at a frequency of about 320 MHz.

[0088] 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 cir-
cuit 24 can be about 3 ns.

[0089] As described above, as the operational speed
ofthe FPGA increases, the core voltage consumed within
the FPGA and the current consumption by an IO power
supply used by an external interface increase.

[0090] The core power supply and 10 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.
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[0091] 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.

[0092] The timing signal generated by the timing gen-
erating circuit 29 is transmitted to the insulating-circuit
driver 28.

[0093] The timing signalis applied to the primary wind-
ing sides of the pulse transformers 44a and 44b of the
insulating circuit 27a through the buffers 42a and 42b of
the insulating-circuit driver 28 therebefore. The signal is
transmitted to the 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 fre-
quency of a several MHz and is transmitted to the pulse
driver 25 through the pulse transformers 44a and 44b.
[0094] Inthis way, the pulse transformers 44a and 44b
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 di-
rect current between the secondary circuit 26 and the
patient circuit 21 by the pulse transformers 44a and 44b,
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 re-
sult from the output ends of the buffers 48a and 48b to
the pulse generating circuit 24.

[0095] The pulse generating circuit 24 includes the
positive-pole driving FET 49a and negative-pole driving
FET 49b 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 syn-
thesized to a bipolar output to the secondary winding.
[0096] The bipolar transmit pulse synthesized by the
transformer 50 drives the ultrasonic transducer 3 accom-
modated within the distal end 7 of the insertion section
6 through the coaxial cable 12a, and the like, within the
ultrasonic scope 2 above.

[0097] The transmitting circuit 22 belonging to the pa-
tient circuit 21 is connected to the GND by the apparatus
cabinet 34 and the capacitor 36 with high withstand volt-
age and is defined to have a nearly equal potential as
that of the apparatus cabinet 34 at high frequencies. Next,
with reference to Fig. 2, details of the operations by the
timing generating circuit 29 and memory 30 will be de-
scribed. As described above, an A-phase signal is de-
tected by the position detecting section 15 of the ultra-
sonic scope 2. The A-phase signal is shaped and trans-
mitted to the timing generating circuit 29 as an A-phase
trigger as shown in Fig. 2(A).

[0098] Thetiming generating circuit29includes an FP-
GA, for example, and the clock for operating the FPGA
is shown in Fig. 2(B) where the frequency is about 320
MHz.

[0099] The timing generating circuit 29 stores positive
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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.
[0100] Then, the timing generating circuit 29 sequen-
tially 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 42b 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 generating transmit pulses.

[0101] The signals of the pulses outputted to the buff-
ers 42a and 42b are transmitted to the subsequent com-
ponent (for generating transmit pulses) through the two
channels as described above and are applied tothe FETs
49a and 49b of the pulse generating circuit 24. The trans-
former 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 trans-
mit pulses.

[0102] Then, when the next A-phase trigger occurs af-
ter 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 gen-
erates the next transmit pulses from the positive pulse
and negative pulse.

[0103] The ultrasonic transducer 3 ultrasonically vi-
brates (ultrasonically excites) in pulse shortly inresponse
to the application of the transmit pulses and sequentially
transmits the ultrasonic wave radially by rotating the in-
sertion 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 imped-
ances. The reflected ultrasonic 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).

[0104] The echosignalisinputted from the branch sec-
tion 20, which is switched immediately after the trans-
mission of the transmit pulses for radial transmission, to
the preamplifier 23, is amplified therein, and is then in-
putted to the ultrasonic image creating circuit 32 belong-
ing to the secondary circuit 26 through the insulating cir-
cuit 27c.

[0105] The ultrasonic image creating circuit 32 inter-
nally 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 scan-
ning undergoes conversion processing by a digital scan
converter (DSC) to display on the monitor 5, and the ul-
trasonic tomographic image is then displayed on the
monitor 5.

[0106] By setting the data in the memory 30 to a de-
sired value as described above, a pulse waveform and
pulse length optimum for the connected ultrasonic trans-
ducer 3 can be outputted.
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[0107] Inotherwords, 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.

[0108] The timing generating circuit 29 operates at a
significantly high clock speed, and the current consump-
tion 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.

[0109] 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 sta-
bilized at the GND potential.

[0110] 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 observa-
tion apparatus 4 can be decreased without increasing
the amount of the radiated electromagnetic noise.
[0111] In conclusion, the present embodiment has fol-
lowing effects. A transmission output at an arbitrary fre-
quency and a number of pulses (pulse length) can be
obtained while reducing the size of the circuit.

[0112] 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 electromag-
netic noise by handling the ultrasonic scope 2 belonging
to the patient circuit 21 as an antenna can be reduced.
[0113] 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 config-
uration of the patient circuit and the size of the observa-
tion apparatus body.

[0114] The necessity for using many delay lines like
conventional cases can be eliminated, which can reduce
the costs.

EMBODIMENT 2

[0115] 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 in-
vention. 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 trans-
mitting circuit 22 in the ultrasonic diagnosis apparatus 1
in Fig. 1.

[0116] More specifically, the other end of the capacitor
46a serially connecting to one end of the secondary wir-
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ing of the pulse transformer 44a is grounded through a
resistance 52a and is connected to the input end of the
buffer 48a through a variable delay 53a with a variable
amount of delay.

[0117] The other end of the capacitor 46b serially con-
necting to one end of the secondary wiring of the pulse
transformer 44b is grounded through a resistance 52b
and is connected to the input end of the buffer 48b through
a variable delay 53b with a variable amount of delay.
[0118] Therestof the configuration is the same as that
of Embodiment 1, and the description on the same com-
ponents will be omitted herein.

[0119] ThoughFig. 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.
[0120] The present embodiment is configured to ad-
dress 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.
[0121] With reference to Fig. 4, details of the operation
of the present embodiment will be described next.
[0122] 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 trans-
mit pulses can be obtained as shown in Fig. 4(J).
[0123] 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).
[0124] 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 predeter-
mined time, and the positive pulse and negative pulse
are outputted to the insulating-circuit driver 28 side.
[0125] The insulating circuit driver 28 applies the pos-
itive 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 cir-
cuit, 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 gener-
ating circuit 24.

[0126] Ifthe 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 wave-
form shown in Fig. 4(E) is obtained, meaning that the
intended waveform cannot be obtained.

[0127] The present embodiment allows solving the
problem in this case. If the propagation paths for positive
pulses and negative pulses have different amounts of
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delay as described above, the correction is performed in
the following steps.

[0128] 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 (out-
put) of the positive pulses and negative pulses are de-
fined earlier).

[0129] Next, the amounts of delay for the positive puls-
es and negative pulses are adjusted by the timing ad-
justing 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 53b as shown in Fig. 4(l) so that transmit pulses in
a desired waveform can be obtained.

[0130] This configuration allows proper correction of
the difference in propagation delay by the timing adjust-
ing 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 propaga-
tion delays in the propagation path from the timing gen-
erating circuit 29 to the patient circuit 21.

[0131] The timing adjusting circuit 51 can be imple-
mented by a significantly small circuit since a large
amount of delay is not required.

[0132] Furthermore, the amount of the radiated elec-
tromagnetic noise is not increased since the power con-
sumption is not changed very much.

[0133] 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 differentamounts of delay in the path from the timing
generating circuit 29 to the pulse generating circuit 24.

EMBODIMENT 3

[0134] 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.

[0135] Inthe ultrasonic diagnosis apparatus 1, the tim-
ing generating circuit 29 generates timing signals of two
channels as in the ultrasonic diagnosis apparatus 1 of
the Embodiment 1. The ultrasonic diagnosis apparatus
1 furtherincludes a DAC circuit 61, which converts digital
signals to analog signals, that is, D/A converts, is con-
nected 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.

[0136] According to the present embodiment, an am-
plifier 62 is connected to the output end of the first channel
side in the insulating circuit 27a through the capacitor
46a, for example.
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[0137] The output end of the amplifier 62 is connected
to a matching resistance 63 and is connected to the ul-
trasonic transducer 3 of the ultrasonic scope 2 through
the branch section 20. The ultrasonic transducer 3 is driv-
en by the transmit pulses outputted from the amplifier 62.
[0138] 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 amplifier 62.

[0139] Then, the bias circuit 64 generally applies a sig-
nal of "L"-level to the bias terminal to define the amplifier
62 not to perform the amplifying operation. During a pe-
riod where transmit signals occur, the bias circuit 64 ap-
plies a signal of "H"-level to the bias terminal to define to
perform the amplifying operation. In other words, the oth-
er outputted signal (second signal) outputted by the tim-
ing generating circuit 29 functions as a control signal that
controls the operation by the amplifier 62 included in the
transmitting circuit 22.

[0140] The present embodiment configures the ultra-
sonic transducer 3 to be capable of generating transmit
pulses (transmit signals) in a waveform having a less
harmonic component. For this reason, the timing gener-
ating circuit 29 transmits signals in a transmit pulse wave-
form to the transmitting circuit 22 side through one chan-
nel and transmits a control signal that operates the am-
plifier 62 of the transmitting circuit 22 through the other
channel during a period for generating transmit pulses.
[0141] According to the present embodiment, the pow-
er 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) second-
ary circuit power supply in Embodiment 1 and 2).
[0142] With reference to Fig. 6, operations of the
present embodiment will be described next.

[0143] 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 oper-
ates at a clock speed of about 320 MHz shown in Fig. 6
(B) like Embodiment 1.

[0144] The FPGA reads memory data stored in the
memory 30. 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.
[0145] The memory data in the memory 30, which is
read once by the FPGA, is outputted in 8 bits in synchro-
nization with the clock after a lapse of a predetermined
period of time from the A-phase trigger.

[0146] The memory data of 8 bits outputted from the
FPGA can have an amplitude in an arbitrary waveform
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through the DAC circuit 61 like the DAC output in Fig. 6
(C).

[0147] 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
amplifier 62) to be outputted to the bias circuit 64 as
shown in Fig. 6(D).

[0148] The bias circuit output is generated by the tim-
ing generating circuit 29 by reading the data from the
memory 30, for example.

[0149] 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.

[0150] 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 application 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 operation.

[0151] Asdescribed above, after the bias circuit output
is supplied to the amplifier 62 as a preceding control sig-
nal, the DAC output shown in Fig. 6(C) is applied to the
amplifier 62.

[0152] The amplifier 62 linearly amplifies the signal in-
putted through the DAC circuit 61 to have an amplitude
of about 200 Vpp.

[0153] The amplified transmit output is applied to the
ultrasonic transducer 3 of the ultrasonic scope 2 as trans-
mit pulses, and ultrasonic wave is excited.

[0154] ThetransmitpulsesinFig.6(E)are drive signals
to be applied to the ultrasonic transducer 3, and the trans-
mit pulses can have a transmit waveform resulting from
the suppression of harmonics of the pulse waveform of
the fundamental waves by several tens dB.

[0155] In other words, according to the present em-
bodiment, the high harmonic component of a transmit
waveform can be largely reduced even when a broad-
band ultrasonic transducer 3 is used.

[0156] The high harmonic component of a receive sig-
nal returned from a subject can be received and convert-
ed to an echo signal efficiently by the broadband trans-
ducer 3, which significantly increases the sensitivity for
creating an image of THI.

[0157] Therefore, in the ultrasonic image creating cir-
cuit 32 according to the present embodiment, the
processing of creating an ultrasonicimage based on fun-
damental 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 com-
ponent of second or third-order harmonics of fundamen-
tal waves of the echo signals to suppress the side lobe.
[0158] According to the present embodiment, by per-
forming ON/OFF control over the operation of the ampli-
fier 62 by the bias circuit 64, the transmitting circuit 22
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can be configured with minimum and necessary power
consumption, 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.

[0159] The current consumption can be reduced,
which can reduce the amount of radiated noise.

[0160] According to the present embodiment, in addi-
tion to the effects of Embodiment 1, transmit pulses can
be generated in a pulse waveform suitable for a charac-
teristic of the ultrasonic transducer 3 internally contained
in the ultrasonic scope 2 connecting to the observation
apparatus 4 (in other words, in a substantially arbitrary
pulse waveform).

[0161] The present embodiment has an effect that al-
lows improvement of the sensitivity of THI since harmon-
ics can be suppressed inthe waveform of transmit pulses.
[0162] Furthermore, weighting can be performed with
a window function such as Gaussian window, which can
contribute to the suppression of side lobes and improve-
ment of the resolution.

[0163] 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.

[0164] In the embodiments above, another capacitor
in addition to the capacitor 36 and a switch, which is se-
rially connected to the capacitor for switching ON/OFF
the connection to the apparatus cabinet 34, may be pro-
vided. Thus, the connection to the apparatus cabinet 34
may be switched OFF during a period when transmit puls-
es occur and be switched ON during a period when
processing on echo signals is performed after the output
of transmit pulses.

[0165] Inotherwords, duringa 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.
[0166] As described above, according to the present
invention, the size of the circuit and the amount of radi-
ated 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.

Industrial Applicability

[0167] A configuration is provided that transmit signals
for driving the ultrasonic transducer are generated by in-
creasing the amount of current consumption in a second-
ary circuit, generating pulses in a fundamental waveform
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required for generating transmit signals, transmitting the
pulses through an insulating circuit and synthesizing the
pulses by a pulse generating circuit in a patient circuit,
for example, where an ultrasonic probe or ultrasonic
scope provided in the ultrasonic transducer is connected
to the distal end of an insertion section to be inserted to
a body cavity. This can suppress noise and is widely ap-
plicable to various kinds of ultrasonic transducer.

Claims

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 appa-
ratus;

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

a timing generating circuit provided in the sec-
ondary 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 synchronization with the inputted timing
signal.

2. The ultrasonic observation apparatus according to
Claim 1, wherein the timing signal generating circuit
generates 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.

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.
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11.

12.

13.

14.

15.

16.

17.

19

The ultrasonic observation apparatus according to
Claim 1, wherein the transmit signal generating cir-
cuit generates the transmit signals in a bipolar wave-
form from the timing signals inputted through the in-
sulating circuit.

The ultrasonic observation apparatus according to
Claim 4, wherein the transmit signal generating cir-
cuit generates the transmit signals in a bipolar wave-
form from the pair of timing pulses inputted through
the first and second insulating circuits.

The ultrasonic observation apparatus according to
Claim 8, wherein the transmit signal generating cir-
cuit has a pair of switching elements switching the
pair of timing pulses, respectively.

The ultrasonic observation apparatus according to
Claim 9, wherein the transmit signal generating cir-
cuit has atransformer synthesizing outputted signals
of the pair of switching elements and generating the
transmit signals in the bipolar waveform.

The ultrasonic observation apparatus according to
Claim 1, wherein the patient circuit has a ground con-
necting to the cabinet through a capacitor.

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.

The ultrasonic observation apparatus according to
Claim 12, further comprising a control circuit control-
ling the timing signals generated by the timing gen-
erating circuit from the information.

The ultrasonic observation apparatus according to
Claim 1, wherein the timing signal generating circuit
has memory means for storing pulse data for gen-
erating multiple kinds of pulse waveform as the tim-
ing signals.

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

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

The ultrasonic observation apparatus according to
Claim 16, wherein the insulating circuit has insulating
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18.

19.

20.

20

circuits intwo channels for transmitting the first signal
and the second signal to the patient circuit.

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

The ultrasonic observation apparatus according to
Claim 16, wherein the transmit signal generating cir-
cuit has an amplifying circuit amplifying the first sig-
nal and generating the transmit signals.

The ultrasonic observation apparatus according to
Claim 19, wherein the amplifying circuit has an am-
plifying function controlled by the application of the
second signal.
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