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signal generation section via the signal line, and through
switching by the switching section after an operation of
unlocking the lock mechanism, a state is set in which the
charge of the C-MUT of the ultrasound device is discharged.
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ULTRASOUND DIAGNOSTIC SYSTEM

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation application of
PCT/JIP2011/059018 filed on Apr. 11, 2011 and claims ben-
efit of Japanese Application No. 2010-094103 filed in Japan
on Apr. 15, 2010, 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 ultrasound diag-
nostic system using a capacitive micromachined ultrasonic
transducer.

[0004] 2. Description of the Related Art

[0005] An ultrasonic transducer using a capacitive micro-
machined ultrasonic transducer (hereinafter referred to as
“C-MUT”), which is different from a piezoelectric trans-
ducer, has recently been developed, and an ultrasound diag-
nostic system is being proposed which is used for an inspec-
tion using ultrasound with an ultrasound probe or ultrasound
endoscope mounted with the ultrasonic transducer connected
therewith.

[0006] The C-MUT has a structure in which one cavity is
provided in a silicon substrate and electrodes are provided on
and below the cavity, and by applying an ultrasound drive
signal (or transmission signal) together with a bias voltage to
these electrodes, a film above the cavity is made to vibrate to
transmit ultrasound, a returned echo signal is detected with
the upper film and transmission/reception of ultrasound is
thereby realized.

[0007] Since the C-MUT has a structure using a capacitive
micromachined ultrasonic transducer, the C-MUT is liable to
store charge and when the C-MUT continuously drives ultra-
sound for a long time, a certain amount of charge is accumu-
lated.

[0008] In order to alleviate disadvantages of the deteriora-
tion in electric acoustic conversion efficiency in the upper
film due to the accumulation of charge, International Publi-
cation No. 2007/029357 as a first related art discloses that
sensitivity during transmission/reception is corrected by
monitoring the amount of charge.

[0009] Furthermore, as a second related art, International
Publication No. 2005/120359 discloses means for adjusting a
DC bias voltage when the DC bias voltage is superimposed on
ahigh frequency pulse as a transmission signal and applied to
the C-MUT.

SUMMARY OF THE INVENTION

[0010] An ultrasound diagnostic system according to one
aspect of the present invention includes an ultrasound device
mounted with a capacitive micromachined ultrasonic trans-
ducer, a connection section for detachably connecting the
ultrasound device and an ultrasound observation apparatus
provided with a transmission signal generation section that
generates a transmission signal to drive the capacitive micro-
machined ultrasonic transducer using a connector provided in
the ultrasound device and a connector receiver provided in the
ultrasound observation apparatus, a discharge section for dis-
charging the charge applied to the capacitive micromachined
ultrasonic transducer, a lock mechanism that keeps, when the
connector is set in a predetermined mounting state with
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respect to the connector receiver, a locked state in which the
connector is prevented from disconnecting from the connec-
tor receiver, and that sets a released state in which the locked
state is released through an unlock operation and a switching
section arranged on a signal line between the capacitive
micromachined ultrasonic transducer and the ultrasound
observation apparatus, wherein when the predetermined
mounting state is set, the capacitive micromachined ultra-
sonic transducer is electrically connected to the transmission
signal generation section via the signal line, and through
switching of the switching section after the unlock operation
with respect to the lock mechanism, a state is set in which the
charge of the capacitive micromachined ultrasonic transducer
in the ultrasound device that can be disconnected from the
ultrasound observation apparatus is discharged by the dis-
charge section.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1isa schematic diagram illustrating an overall
configuration of an ultrasound diagnostic system according to
a first embodiment of the present invention;

[0012] FIG. 2A is a configuration diagram illustrating an
internal configuration of an electric system of an observation
apparatus and an ultrasound probe unit of the first embodi-
ment;

[0013] FIG. 2B is a configuration diagram illustrating an
internal configuration of an electric system of the observation
apparatus and an ultrasound endoscope of the first embodi-
ment;

[0014] FIG. 2C is a configuration diagram illustrating a
configuration example of a peripheral section of a transmis-
sion signal generation section of an observation apparatus in
a modification example in the case of an electronic scan,
[0015] FIG. 3A is a diagram illustrating a case where the
connector of the ultrasound probe unit is connected to the
connector receiver of the observation apparatus;

[0016] FIG. 3B is a diagram illustrating a case where the
connector of the ultrasound probe unit is disconnected from
the connector receiver of the observation apparatus;

[0017] FIG. 4A is a diagram illustrating a case where the
connector of the ultrasound endoscope is connected to the
connector receiver of the observation apparatus;

[0018] FIG. 4B is a diagram illustrating a case where the
connector of the ultrasound endoscope is disconnected from
the connector receiver of the observation apparatus;

[0019] FIG. 5is a diagram illustrating a schematic configu-
ration when the connection pin of the connector of the ultra-
sound probe is connected to the connection pin of the con-
nector receiver through a lever operation;

[0020] FIG. 6is a diagram illustrating a schematic configu-
ration when the connection pin of the connector of the ultra-
sound endoscope is connected to the connection pin of the
connector receiver through a lever operation;

[0021] FIG. 7 is a schematic diagram illustrating a case
where a switch is changed in conjunction with an operation of
connecting the connection pin of the connector of the ultra-
sound probe unit to the connection pin of the connector
receiver through a lever operation in correspondence with
FIG. 5;

[0022] FIG. 8 is a schematic diagram illustrating a case
where a switch is changed in conjunction with an operation of
connecting the connection pin of the connector of the ultra-



US 2012/0078109 A1

sound endoscope to the connection pin of the connector
receiver through a lever operation in correspondence with
FIG. 6;

[0023] FIG. 9 isa configuration diagram illustrating a con-
figuration of an ultrasound endoscope and an observation
apparatus according to a second embodiment of the present
invention;

[0024] FIG. 10 is a diagram illustrating in a table form the
status of a button for switching a contact point of the switch
provided in the lever and contents of the switching state of the
switch according to a third embodiment of the present inven-
tion;

[0025] FIG.11is adiagram illustrating a state as to whether
the button provided on the lever is pressed or not and a
connection/disconnection relationship between the ultra-
sound probe unit and the observation apparatus;

[0026] FIG. 12 is a configuration diagram illustrating a
configuration of an ultrasound probe unit and an observation
apparatus according to a fourth embodiment of the present
invention;

[0027] FIG. 13 is a diagram illustrating an example where
information of a setting state of the switch or the like is
displayed on a monitor according to the fourth embodiment;
[0028] FIG. 14 is a configuration diagram illustrating a
configuration of an ultrasound probe unit and an observation
apparatus according to a fifth embodiment of the present
invention;

[0029] FIG. 15A is a perspective view illustrating a locked
state in which the connector of the ultrasound probe unit in
FIG. 14 is connected and fixed to the connector receiver of the
observation apparatus; and

[0030] FIG. 15B is a diagram illustrating a rotor side disk
connected to the rotary lever and a stator side disk that con-
tacts the rotor side disk, arranged inside the connector.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0031] Hereinafter, embodiments of the present invention
will be described with reference to the accompanying draw-
ings.

First Embodiment

[0032] FIG. 1 illustrates an overall configuration of an
ultrasound diagnostic system 1 according to a first embodi-
ment of the present invention. The ultrasound diagnostic sys-
tem 1 includes an ultrasound probe unit 2 as an ultrasound
device for inspecting a subject using ultrasound and an ultra-
sound endoscope 3 as an ultrasound device inserted into the
body cavity of the subject and provided with a function of
performing an inspection using ultrasound and an endoscope
function.

[0033] Furthermore, the ultrasound diagnostic system 1 is
provided with connector receivers SA and 5B constituting
connection sections to which connectors 4A and 4B of the
ultrasound probe unit 2 and the ultrasound endoscope 3 are
detachably connected and is also constructed of an ultrasound
observation apparatus body (hereinafter simply abbreviated
as “observation apparatus body”) 6A provided with a trans-
mission/reception signal processing system that transmits/
receives ultrasound and a monitor 6B as a display apparatus.
The observation apparatus body 6A and the monitor 6B con-
stitute an observation apparatus 6.
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[0034] The ultrasound probe unit 2 includes an ultrasound
probe 13 incorporating, for example, a mechanical scan
capacitive micromachined ultrasonic transducer (hereinafter
abbreviated as “C-MUT”) 10 as an ultrasonic transducer for
transmitting/receiving ultrasound, an ultrasound probe drive
unit (hereinafter abbreviated as “drive unit”) 11 to which the
ultrasound probe 13 is detachably connected and a cable
section 12 that extends from the drive unit 11. The connector
4A detachably connected to the above described connector
receiver SA is provided at an end of the cable section 12. The
connector receiver 5SA constitutes a connection section to
which an ultrasound device driven according to a mechanical
scan scheme such as the ultrasound probe unit 2 is detachably
connected.

[0035] On the other hand, the above described connector
receiver 5B constitutes a connection section of an ultrasound
device driven according to an electronic scan such as the
ultrasound endoscope 3.

[0036] The ultrasound endoscope 3 is provided with an
insertion portion 14 inserted into the body cavity of the sub-
ject, an operation section 15 provided at a rear end (proximal
end) of the insertion portion 14 and a universal cable section
16 that extends from the operation section 15.

[0037] An endoscope connector 17 connected to an endo-
scope light source device (not shown) and a processor is
provided at an end of the universal cable section 16. A cable
section 18 extends from the endoscope connector 17 and the
connector 4B detachably connected to the above described
connector receiver 5B is provided at an end of the cable
section 18.

[0038] For example, an electronic scan C-MUT 9 as an
ultrasonic transducer for transmitting/receiving ultrasound is
provided at a distal end portion 19 provided at a distal end of
the insertion portion 14 of the above described ultrasound
endoscope 3.

[0039] A C-MUT 10 mounted at a distal end portion of the
ultrasound probe 13 in the ultrasound probe unit 2 performs,
for example, radial mechanical scan and the C-MUT 9
mounted on the ultrasound endoscope 3 performs, for
example, sector electronic scan.

[0040] FIG. 2A illustrates an internal configuration of the
electric system of the ultrasound probe unit 2 and the obser-
vation apparatus 6 in an operating state and FIG. 2B illustrates
an internal configuration of the electric system of the ultra-
sound endoscope 3 and the observation apparatus 6 in an
operating state.

[0041] As shown in FIG. 2B, in (the distal end portion 19
of) the insertion portion 14 of the ultrasound endoscope 3, for
example, a plurality of C-MUT elements 9a, . . . , 92 are
arranged along a curved surface to form the sector electronic
scan C-MUT 9.

[0042] Ineach C-MUT element 9i (i=a, . . . , n), an upper
electrode 21i and a lower electrode 22/ are formed facing each
other across a cavity. The upper electrode 21/ in each C-MUT
element 9i is connected to a ground (G in FIG. 2B), that is,
grounded via a signal line 23i.

[0043] On the other hand, a DC bias voltage and a trans-
mission signal (also referred to as “drive signal”) are applied
to the lower electrode 22/ from the observation apparatus 6
via a signal line 24/ in the operating state shown in FIG. 2B.
[0044] In the present embodiment, the signal line 24, one
end of which is connected to the lower electrode 22i is con-
nected to a common contact ¢ of a switch 25/ provided, for
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example, in the connector 4B and the common contact ¢ of
each switch 25i is selectively connected with one of two
contacts a and b.

[0045] Each switch 25/ is connected to a lever 27B that
operates to connect or disconnect the ultrasound endoscope 3
to/from the observation apparatus 6 via a connection section
26.

[0046] Furthermore, the contact a of each switch 25i is
connected to a connection contact 29; of the connector 4B via
a signal line 281 and the contact b of each switch 25/ is
connected to one end ofa signal line 30/ and the signal line 30i
is connected to the ground, that is, grounded via a resistor R
making up a discharge section 31.

[0047] On the other hand, the connector receiver 5B of the
observation apparatus 6 is provided with a connection contact
32/ connected to the above described connection contact 29i
and each connection contact 32/ is connected to a contact i of
the multiplexer 34 via a signal line 33i.

[0048] The contact i of the multiplexer 34 is selectively
connected to the common contact ¢ sequentially from contact
a to n under the switching control of a control section 39. The
common contact ¢ is connected to one end of a signal line 38.
[0049] Furthermore, the observation apparatus 6 includes a
transmission signal generation section 36 that generates a
transmission signal (drive signal) for sequentially driving
each C-MUT element 9i making up the above described
C-MUT 9 and transmitting ultrasound in a sector form. Fur-
thermore, the observation apparatus 6 includes a DC bias
voltage generation section 37 that generates a DC bias voltage
to be superimposed on the transmission signal and outputs the
transmission signal and the DC bias voltage to the ultrasound
endoscope 3 side via the signal line 38, multiplexer 34 or the
like.

[0050] When anoperator operates a DC bias voltage adjust-
ment knob or the like, the DC bias voltage generation section
37 generates a DC bias voltage of an adjusted value. The DC
bias voltage generation section 37 may also be enabled to
adjust a DC bias voltage generated under the control of the
control section 39.

[0051] Furthermore, the observation apparatus 6 includes
an amplifier 40 that amplifies an ultrasound echo signal (sim-
ply referred to as “echo signal”) as a received signal received
by each C-MUT element 9i of the C-MUT 9 and converted
from ultrasound to an electric signal and a reception process-
ing section 41 that performs signal processing on the echo
signal as the received signal and generates a video signal.
[0052] The video signal outputted from the reception pro-
cessing section 41 is outputted to the monitor 6B as display
means and the monitor 6B displays an ultrasound tomo-
graphic image corresponding to the video signal.

[0053] Furthermore, a capacitor 42 is provided at some
midpoint on the signal line 38 which prevents the DC bias
voltage of the DC bias voltage generation section 37 from
being applied to the transmission signal generation section 36
and the amplifier 40. The control section 39 controls opera-
tions of the transmission signal generation section 36, the DC
bias voltage generation section 37, the reception processing
section 41 and the like.

[0054] Inthe observation apparatus 6 according to the elec-
tronic scan shown in FIG. 2B, the transmission signal gen-
eration section 36 may also be constructed of, for example, a
plurality of transmission signal generation sections 36a, . . .
364 as shown in FIG. 2C, and similarly the amplifier 40 in
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FIG. 2B may also be constructed of a plurality of amplifiers
40q, . . . 404 as shown in FIG. 2C.

[0055] A configuration may also be adopted in which trans-
mission signal generation timings of the plurality of transmis-
sion signal generation sections 36a, . . . 364 may be shifted so
that the plurality of C-MUT elements 9/ are simultaneously
driven via the capacitors 42a, . . . 42¢ and the multiplexer
34A.

[0056] Furthermore, in this case, echo signals received by
the plurality of C-MUT elements 9/ are amplified by the
amplifiers 40q, . . . 40¢ and outputted to the reception pro-
cessing section 41. This makes it possible to scan or cause to
converge ultrasound in a direction different from the array
shape of the plurality of C-MUT elements 9a, 95, . . . 9n.
[0057] Inthis case, the DC bias voltage generation section
37 in FIG. 2B may be constructed of a plurality of DC bias
voltage generation sections 37a, . . . 37¢ as shown in FIG. 2C
and the multiplexer 34A may also be constructed so as to
switch between signal lines 38/ in units of a plurality of signal
lines. The configuration in FIG. 2C may also be applied to
other embodiments in FIG. 9 or the like as will be described
later.

[0058] On the other hand, in the case of the ultrasound
probe unit 2 shown in FIG. 2A, one C-MUT 10 is arranged
inside the ultrasound probe 13 and the C-MUT 10 is driven to
rotate by a motor (not shown) or the like and ultrasound is
then radially subjected to radial mechanical scanning.
[0059] The C-MUT 10 has a configuration corresponding
to one C-MUT element 97 inthe C-MUT 9 in F1G. 2B. That is,
in the C-MUT 10, anupper electrode 21 and alower electrode
22 are formed so as to face each other across the cavity. The
upper electrode 21 in the C-MUT 10 is connected to the
ground (GinFIG. 2A), that is, grounded via the signal line 23.
[0060] On the other hand, in the operating state shown in
FIG. 2A, a DC bias voltage and a transmission signal are
applied to the lower electrode 22 from the observation appa-
ratus 6 side via a signal line 24.

[0061] In the present embodiment, the signal line 24, one
end of which is connected to the lower electrode 22, is con-
nected, for example, to a common contact ¢ of a switch 25
provided in a connector 4A and the common contact ¢ of the
switch 25 is selectively connected to one of the two contacts
aandb.

[0062] The switch 25 is connected to a lever 27A that con-
nects or disconnects the ultrasound probe unit 2 to/from the
observation apparatus 6 via a connection section 26.

[0063] Furthermore, the contact a of the switch 25 is con-
nected to a connection contact 29 of the connector 4A via a
signal line 28, the contact b of the switch 25 is connected to
one end of a signal line 30, and the signal line 30 is connected
to the ground, that is, grounded via a resistor R making up a
discharge section 31.

[0064] On the other hand, a connector receiver 5A of the
observation apparatus 6 is provided with a connection contact
32 connected to the above described connection contact 29
and the connection contact 32 is connected to a DC bias
voltage generation section 37 via a signal line 33.

[0065] Furthermore, the observation apparatus 6 includes a
transmission signal generation section 36 that generates a
transmission signal (drive signal) for driving the above
described C-MUT 10 to transmit ultrasound and the DC bias
voltage generation section 37 that generates a DC bias voltage
to be superimposed on the transmission signal, and outputs
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the transmission signal and the DC bias voltage to the ultra-
sound probe unit 2 side via the signal line 33.

[0066] Furthermore, the observation apparatus 6 includes
an amplifier 40 that amplifies an echo signal as a received
signal received by the C-MUT 10 and converted from ultra-
sound to an electric signal and a reception processing section
41 that performs signal processing on the echo signal and
generates a video signal.

[0067] A video signal outputted from the reception pro-
cessing section 41 is outputted to a monitor 6B as display
means and the monitor 6B displays an ultrasound tomo-
graphic image corresponding to the video signal.

[0068] Furthermore, a capacitor 42 is provided at some
midpoint on the signal line 33 which prevents the DC bias
voltage of the DC bias voltage generation section 37 from
applying to the transmission signal generation section 36 and
the amplifier 40. A control section 39 controls operations of
the transmission signal generation section 36 and the recep-
tion processing section 41 and the like according to the ultra-
sound endoscope 3 or ultrasound probe unit 2 connected to
the observation apparatus 6.

[0069] The present embodiment may also adopt a configu-
ration in which the transmission signal generation section 36,
the DC bias voltage generation section 37, the reception pro-
cessing section 41 and the like of the observation apparatus 6
are used in common between the C-MUTs 9 and 10 or two
sets of the transmission signal generation section 36 and the
like may be provided in correspondence with the ultrasound
endoscope 3 and the ultrasound probe unit 2.

[0070] FIG. 3A and FIG. 3B illustrate how the operator
connects or disconnects the connector 4A of the ultrasound
probe unit 2 to/from the observation apparatus 6. As shown in
FIG. 3A, when mounting (connecting) the connector 4A of
the ultrasound probe unit 2 on (to) the observation apparatus
6, the operator inserts the connector 4A on (the connector
receiver 5A of) the observation apparatus 6 side as shown by
a blank arrow.

[0071] After the insertion, the operator turns the lever 27A
as shown by an arrow. The turning of the lever 27A changes
the state of the connection contact 29 of the connector 4A
which is not connected to the connection contact 32 of the
connector receiver 5A to a predetermined mounting state in
which the connection contact 29 is connected to the connec-
tion contact 32.

[0072] Furthermore, when unmounting the connector 4A
of the ultrasound probe unit 2 mounted on the connector
receiver 5A of the observation apparatus 6, the operator per-
forms an operation opposite to that in FIG. 3A as shown in
FIG. 3B. That is, as shown in FIG. 3B, the operator turns the
lever 27A in a direction opposite to that in FIG. 3A. This
turning operation unlocks the mounting state and also causes
the connection contact 29 of the aforementioned connector
4A to change the state in which the connection contact 29 is
connected to the connection contact 32 of the connector
receiver 5A to astate in which the connection contact 29 is not
connected and is ready to be disconnected (also referred to as
“released state™).

[0073]  After that, the operator pulls out the connector 4A
from (the connector receiver SA of) the observation apparatus
6 side as shown by a blank arrow. and can thereby disconnect
the connector 4A from the connector receiver SA of the obser-
vation apparatus 6. Thus, the connector 4A and the connector
receiver SA making up the connection section of the present
embodiment are provided with a lock mechanism that keeps
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alocked state of preventing or regulating disconnection ofthe
connector 4A from the connector receiver SA (due to careless
disconnection operation) in a predetermined mounting state
and releases the locked state in a released state set by the
turning operation of the lever 27A. The following connector
4B and connector receiver 5B are likewise provided with the
lock mechanism.

[0074] Furthermore, FIG. 4A and FIG. 4B are diagrams
illustrating a case where the connector 4B of the ultrasound
endoscope 3 is connected or disconnected to/from the con-
nector receiver 5B of the observation apparatus 6, that is, a
case where the connector 4B is attached/detached. As is clear
from a comparison with FIG. 3A and FIG. 3B, the attach-
ment/detachment operation is the same as the attachment/
detachment operation of the connector 4A of the ultrasound
probe unit 2 to/from the connector receiver SA of the obser-
vation apparatus 6 and the operation thereof is also the same.
[0075] FIG. 5 illustrates a structure example in which the
operation of the aforementioned lever 27A causes a contact
pin 51 as the connection contact 29 of the connector 4A to be
attached/detached to/from a contact pin 52 as the connection
contact 32 in the connector receiver 5A of the observation
apparatus 6.

[0076] FIG. 5(A) shows an unconnected state in which the
contact pin 51 of the connector 4A is separate from the con-
tact pin 52 of the connector receiver 5A, FIG. 5(B) shows a
state in which although the connector 4A is inserted into and
connected to the connector receiver 5A, the contact pin 51 is
not connected to the contact pin 52 and FIG. 5(C) shows a
predetermined mounting state in which the lever 27A in the
state of FIG. 5(B) is turned and the contact pin 51 is connected
to the contact pin 52 and locked.

[0077] As shown in FIG. 5(A) or the like, the connector 4A
has a housing 53 that accommodates the proximal end side of
the contact pin 51 and a contact pin holding frame (hereinaf-
ter, simply abbreviated as “holding frame”) 54 provided at a
distal end of the housing 53, in which a substantially central
portion in a longitudinal direction of the contact pin 51 is
inserted and from which the distal end side of the contact pin
51 protrudes.

[0078] The holding frame 54 is moved by a rotating ellip-
soidal cam 55 in the direction (vertical direction in FIG. 5)
orthogonal to the longitudinal direction of the contact pin 51
(horizontal direction in FIG. 5) in conjunction with the turn-
ing operation of the lever 27A.

[0079] On the other hand, the connector receiver 5A has a
housing 57 that includes a concave section 56 having an
opening into which the contact pin 51 is inserted and accom-
modates the contact pin 52 which is electrically connected to
the distal end of the contact pin 51 through contact therewith
along the bottom of the concave section 56. When the contact
pin 51 is inserted into the connector receiver SA as shown in
FIG. 5(B), the contact pin 51 is inserted along the top surface
of the concave section 56, and in this state, the contact pin 51
is set so as not to contact (separate from) the contact pin 52
disposed along the bottom surface of the concave section 56.
[0080] Furthermore, in the state of FIG. 5(B), when the
lever 27A is turned to cause the cam 55 to rotate 90° as shown
in FIG. 5(C), an outer circumferential portion in the major
axis direction of the cam 55 causes the holding frame 54 to
move downward.

[0081] The movement of the holding frame 54 causes the
central portion of the contact pin 51 to be pressed downward
by a convex section provided on an inner surface of the
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holding frame 54. Since the proximal end side of the contact
pin 51 is regulated, the contact pin 51 closer to the distal end
side than the proximal end is deformed while moving down-
ward, and in that case, the distal end of the contact pin 51
moves downward and comes into contact with the contact pin
52.

[0082] Furthermore, as described above, the state in FIG.
5(C) 1s a predetermined mounting state in which the contact
pins 51 and 52 remain in contact with each other, and the state
in which contact pin 51 is in contact with the contact pin 52 is
keptanda locked state is in place in which even if the operator
attempts to pull out the connector 4A from the connector
receiver SA, the connector 4A cannot be disconnected.
[0083] On the other hand, in the case of the connector 4B of
the ultrasound endoscope 3 and the connector receiver 5B,
there are as many configurations shown in FIG. 5 as the
number of connection contacts 29; and 32 (that is, connec-
tion contacts 29a to 29x) and one of such configurations is as
shown in FIG. 6.

[0084] The configuration shown in FIG. 6 is similar to the
case where the connection contacts 29 and 32 shown in FIG.
5(A) are replaced by one set of connection contacts 29; and
32i. With such replacement, the contact pins 51 and 52 in FIG.
5 have a structure in which these are replaced by one set of
contact pins 51 1 and 52/ as shown in FIG. 6.

[0085] In the case of the connector 4B and the connector
receiver 5B, there are a plurality of sets of the contact pins 51i
and 527 having the structure (shown by the surface of the sheet
of FIG. 6) in the direction perpendicular to the surface of the
sheet of FIG. 6 and a plurality of sets of the connection
contacts 29; and 32i are changed as shown in FIG. 6 together
with the cam 55 that rotates in conjunction with the turning
operation of the lever 27B.

[0086] The connector structure itself described with refer-
ence to FIG. 5 and FIG. 6 in which the contact pins 51 (51i)
and 52 (52i) are detachably connected is a publicly known
technique.

[0087] With such a structure, the present embodiment
changes the destination of the common contact ¢ of the
switches 25 and 25 from the contact ato the contact b or from
the contact b to the contact a using the cam 55 or the like
making up the connection section 26 in conjunction with the
turning operation of the levers 27A and 27B described in FIG.
2A and FIG. 2B.

[0088] For this reason, in the present embodiment, the con-
nection contact 29 (contact pin 51 in FIG. 5) in FIG. 2A forms
the common contact ¢ of the switch 25 (see FIG. 6), and as
shown in FIG. 5, acontact member 585 having the function of
the contact b of the switch 25 is provided, for example, at a
position near the opening in the upper part of the inner surface
of the housing 53.

[0089] The contact member 585 is electrically connected to
the discharge section 31 via the signal line 30 as shown in
FIG. 5 and FIG. 2A. Furthermore, the contact pin 52 (con-
nection contact 32 in FIG. 2A) shown in FIG. 5 is provided
with the function of the contact a as the connector receiver
5A.

[0090] Therefore, the electrical connection structure in the
present embodiment corresponding to FIG. 5(A) to FIG. 5(C)
is as shown in FIG. 7(A) to FIG. 7(C). FIG. 7(A) corresponds
to FIG. 5(A) and shows the contact pin 51 having the function
of the connection contact 29 and the common contact ¢ and
the contact pin 51 is not connected to the connection contact
32 and the contact pin 52 that makes up the contact a.
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[0091] Inthisstate, the signal line 24 connected to the lower
electrode 22 is electrically connected to the discharge section
31 via the contact member 585 that contacts the contact pin 51
(having the function of the contact b).

[0092] Inthestate of FIG.7(B)corresponding to F1G. 5(B),
the contact pin 51 is set at a position above the contact pin 52.
Furthermore, the contact pin 51 in this state is in the same
electric connection state as in FIG. 7(A).

[0093] When the lever 27A is turned in the state of FIG.
5(B), a state in FIG. 5(C) is set, and in the state in FIG. 7(C)
corresponding to FIG. 5(C), the contact pin 51 moves down-
ward, detached from the contact member 585, the distal end
of the contact pin 51 comes into contact with the contact pin
52 and is thereby electrically connected.

[0094] In the case of the ultrasound endoscope 3, a contact
member 584 is provided as shown in FIG. 6 (as in the case of
FIG. §) and the contact member 585 is electrically connected
to the discharge section 31 via the signal line 307 as shown in
FIG. 6 and FIG. 2B.

[0095] In correspondence with FIG. 7 corresponding to
FIG. 5 in the case of the ultrasound probe unit 2, the diagram
corresponding to FIG. 6 in the case of the ultrasound endo-
scope 3 is as shown in FIG. 8. By renaming components in
FIG. 8 corresponding to those in FIG. 5 and FIG. 6 (e.g.,
reading reference numeral 29 as 29, 30 as 307, 32 as 32i, 33
as 33i, 51 as 51i and 52 as 52i), both operations become
similar, and so descriptions thereof will be omitted.

[0096] As described above, although a difference between
mechanical scan and electronic scan exists between the con-
figuration of the ultrasound probe unit 2 and the observation
apparatus 6 corresponding to the ultrasound probe unit 2 that
transmits/receives ultrasound and the configuration of the
ultrasound endoscope 3 and the observation apparatus 6 cor-
responding to the ultrasound endoscope 3 that transmits/re-
ceives ultrasound, these configurations are the same in the
sense that they have principal features in the present embodi-
ment.

[0097] For this reason, descriptions of the case correspond-
ing to the ultrasound endoscope 3 will be omitted.

[0098] Thus, in the present embodiment, when the ultra-
sound probe unit 2 or ultrasound endoscope 3 as the ultra-
sound device mounted with the C-MUT 10 or 9 and the
observation apparatus 6 to which the ultrasound device is
detachably attached and which includes a transmission/re-
ception processing system that performs transmission/recep-
tion signal processing on the C-MUT 10 or 9 are connected,
the common contact ¢ of the switches 25 and 25/ is set to be
connected to the contact a so that the C-MUT 10 or 9 is
connected to the transmission/reception processing system
and the DC bias voltage generation section 37.

[0099] Furthermore, when the ultrasound device is discon-
nected from the observation apparatus 6, the ultrasound
device cannot be disconnected from the observation appara-
tus 6 unless the lever 27A or 27B is operated so as to set the
commor contact ¢ of the switches 25 and 25; to be connected
to the contact b of the discharge section 31 side. That is, when
the ultrasound device is mounted on the observation appara-
tus 6 and ready for use, such a structure is provided that the
ultrasound device cannot be carelessly disconnected from the
observation apparatus 6.

[0100] The ultrasound diagnostic system 1 of the present
embodiment in such a configuration includes the ultrasound
probe unit 2 or the ultrasound device made up of the ultra-
sound endoscope 3 mounted with the capacitive microma-
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chined ultrasonic transducer (C-MUT 10 or 9), the connector
4A (or 4B) and connector receiver SA (or 5B) as the connec-
tion section for detachably connecting the ultrasound device
and the observation apparatus 6 provided with the transmis-
sion signal generation section 36 that generates a transmis-
sion signal to drive the C-MUT, the discharge section 31 to
discharge the charge applied to the C-MUT and the switches
25 and 25i as the switching section arranged on the signal line
between the C-MUT and the observation apparatus 6.
[0101] When the ultrasound device is set to a predeter-
mined mounting state with respect to the observation appa-
ratus 6 according to the attachment/detachment state of the
connection section between the ultrasound device and the
observation apparatus 6, the C-MUT is electrically connected
to the transmission signal generation section 36 via the signal
line and when the ultrasound device is disconnected from the
observation apparatus 6, switching of the switches 25 and 25i
is performed so that the charge ofthe C-MUT is discharged by
the discharge section 31.

[0102] Operation of the present embodiment having such a
configuration will be described.

[0103] When the ultrasound probe unit 2 is used connected
to the observation apparatus 6 to perform an ultrasound
inspection, as shownin FIG. 3A, the connector 4A is inserted
so as to engage with the connector receiver SA, and then the
lever 27A is turned to set a predetermined mounting state.
[0104] The common contact ¢ of the switch 25 is electri-
cally connected to the contact a (from the contact b via the
contact member 58a) so that the signal line 24 connected to
the lower electrode 22 of the C-MUT 10 is connected to the
contact pin 52 (connection contact 32) of the observation
apparatus 6 as shown in FIG. 7(C).

[0105] Therefore, the C-MUT 10 of the ultrasound probe
unit 2 can be driven by the observation apparatus 6. The
operator sets the DC bias voltage generation section 37 so as
to output a DC bias voltage suitable for driving the C-MUT
10.

[0106] Through the signal line 33 or the like, a transmission
signal from the transmission signal generation section 36 is
superimposed on the DC bias voltage and outputted to the
ultrasound probe unit 2 side. As shown in FIG. 24, since the
common contact ¢ is electrically connected to the contact a,
the DC bias voltage on which the transmission signal is supet-
imposed is applied to the lower electrode 22 of the C-MUT 10
and the mechanically scanned C-MUT 10 transmits ultra-
sound to the subject side.

[0107] Ultrasound reflected by a portion of the subject
where an acoustic impedance is changing is received by the
C-MUT 10 and becomes an echo signal.

[0108] The echo signal superimposed on the DC bias volt-
age passes through the switch 25, whose DC bias voltage is
cut by the capacitor 42 and the signal is then amplified by the
amplifier 40.

[0109] The echo signal amplified by the amplifier 40 is
subjected to signal processing by the reception processing
section 41, converted to a video signal, outputted to the moni-
tor 6B and an ultrasound tomographic image is displayed on
the display screen of the monitor 6B.

[0110] After the ultrasound inspection using ultrasound,
the operator turns OFF the power to the observation apparatus
6 to stop the function of transmitting/receiving ultrasound
(and the function of generating a DC bias voltage).

[0111] When the ultrasound probe unit 2 is disconnected
from the observation apparatus 6, the lever 27A is turned as
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shown in FIG. 3B and it is thereby possible to disconnect the
connector 4A of the ultrasound probe unit 2 from the connec-
tor receiver 5A of the observation apparatus 6.

[0112] In conjunction with the turning of the lever 27A at
this time, the common contact ¢ of the switch 25 is connected
to the contact b, that s, the resistor R making up the discharge
section 31. As a result, the charge of the C-MUT 10 is dis-
charged to ground via the resistor R of the discharge section
31 shown in FIG. 2A. This makes it possible to eliminate the
charge present in the C-MUT 10.

[0113] Therefore, according to the present embodiment,
when the ultrasound probe unit 2 as the ultrasound device
mounted with the C-MUT 10 as the capacitive microma-
chined ultrasonic transducer is disconnected from the obser-
vation apparatus 6, it is possible to discharge and eliminate
the charge so that the charge of the C-MUT 10 is not accu-
mulated.

[0114] Furthermore, according to the present embodiment,
(since the charge present in the C-MUT 10 can be eliminated
as described above), it is possible to reliably eliminate the
possibility that the charge present in the C-MUT 10 may
cause discharge when the connector 4A is disconnected from
the connector receiver 5A causing deterioration of the contact
(contact pin) or a high voltage at the time of discharge may
damage the transmission/reception processing system that
performs transmission/reception in the observation apparatus
6.

[0115] Furthermore, according to the present embodiment,
itis also possible to reduce or prevent the advance of deterio-
ration of the C-MUT 10 itself due to the charge accumulated
in the capacitive micromachined ultrasonic transducer
(C-MUT) 10 for along time. Moreover, by preventing charge
from being accumulated in the C-MUT 10, it is possible to
ensure stable sensitivity for a long period of time. In addition,
itis possible to realize an ultrasound diagnostic system 1 with
a high degree of reproducibility.

[0116] Furthermore, according to the present embodiment,
when the connector 4A and the connector receiver SA are
connected and the lever 27A is set to a lock position, the
connector 4A cannot be disconnected from the connector
receiver 5A, and it is thereby possible to reliably prevent the
ultrasound probe unit 2 from being carelessly disconnected
from the observation apparatus 6 during an ultrasound inspec-
tion. The present embodiment can provide the ultrasound
diagnostic system 1 with a high degree of operability and
reliability.

[0117] Furthermore, operation when the ultrasound endo-
scope 3 is detachably connected to the observation apparatus
6 also has similar operation and effects. In this case, by
reading the C-MUT 10 as C-MUT 9 or C-MUT element 9;,
switch 25 as 25i, lever 27A as lever 27B, connector 4A as
connector 4B, connector receiver SA as connector receiver
5B, similar operation and effects can be obtained.

[0118] For example, as shown in FIG. 4A, when the con-
nector 4B of the ultrasound endoscope 3 is attached to the
connector receiver 5B of the observation apparatus 6, the
operator inserts the connector 4A on (the connector receiver
5B of) the observation apparatus 6 side as shown by a blank
arrow.

[0119] After the insertion, the operator turns the lever 27B
as shown by the arrow. When the lever 27B is turned, as
shown in FIG. 8(A) and FIG. 8(B), the signal line 24; (con-
nected to the lower electrode 227 of each C-MUT element 9i
making up the C-MUT 9) connected to the contact b is
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changed to a state in which it is connected to the contact pin
52i (connection contact 327) of the observation apparatus 6.
[0120] Tt is then possible to set a state in which the obser-
vation apparatus 6 can transmit/receive ultrasound to/from
the C-MUT 9 of the ultrasound endoscope 3.

[0121] Furthermore, when the connector 4B of the ultra-
sound endoscope 3 connected to the connector receiver 5B of
the observation apparatus 6 is disconnected, as shown in FIG.
4B, operation opposite to that in FIG. 4A is performed. That
is, as shown in FI1G. 4B, the operator turns the lever 27B in the
direction opposite to that in FIG. 4A.

[0122] With this turning operation, the mounting state is
unlocked and the signal line 24i connected to the lower elec-
trode 22i of each C-MUT element 9/ making up the C-MUT
9 is changed to a state in which it is connected to the contact
b. In this state, it is possible to discharge the charge accumu-
lated in the electrode of each C-MUT element to ground
through the discharge section 31.

[0123] Furthermore, the operator performs operation of
separating the connector 4B from (the connector receiver 5B
of) the observation apparatus 6 side, and can thereby discon-
nect the connector 4B from the connector receiver 5B of the
observation apparatus 6. The present embodiment provides
effects similar to those in the case of the aforementioned
ultrasound probe unit 2.

[0124] InFIG.2A and FIG. 2B, the resistor R is used as the
discharge section 31, but other devices such as a diode may
also be used.

[0125] A configuration has been described above where the
contacts a and b of the switches 25 and 25; are changed in
conjunction with the turning operation of the lever 27A or
27B, but the present invention is not limited to the structure in
which the ultrasound device and the observation apparatus 6
are detachably connected through the turning operation of the
lever 27A or 27B. For example, the lever 27A or 27B may be
moved sliding to change the contact of the switches 25 and
25i.

[0126] In the above configuration, the observation appara-
tus 6 is provided with the connection section to detachably
connect both mechanical scan and electronic scan ultrasound
devices, but the present invention is not limited to such a
configuration and it is obvious that the present invention is
also applicable to an observation apparatus in which any one
of those scan ultrasound devices is detachably connected to
the ultrasound device.

Second Embodiment

[0127] The configuration shown in FIG. 2A and FIG. 2B
has been described as a configuration in which a DC bias
voltage and a transmission signal are applied to the lower
electrodes 22 and 22i of the C-MUT 10 or 9. By contrast, a
configuration may also be adopted in which, for example, a
transmission/reception signal is applied to the upper elec-
trode 21i side of each C-MUT element 9/ making up the
C-MUT 9 and a DC bias voltage is applied to the lower
electrode 22i side.

[0128] FIG.9shows a configuration of an ultrasound endo-
scope 3 and an observation apparatus 6 in an ultrasound
diagnostic system according to a second embodiment of the
present invention corresponding to this case. In the configu-
ration shown in F1G. 9, switches 25i and 25" that form a pair
(instead of the switch 25i in FIG. 2B) are provided via a
connection section 26 connected to a lever 27B in the con-
figuration of FIG. 2B.
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[0129] A common contact ¢ of the switch 25i is connected
to a lower electrode 22/ via a signal line 24/ and a common
contact ¢' of the switch 25i' is connected to the upper electrode
21i via a signal line 23i.

[0130] Furthermore, a contact b of the switch 25i is con-
nected to a ground via a resistor R of a discharge section 31
via a signal line 30/ and a contact b' of the switch 25/ is
connected to the ground via a signal line 30#'. Furthermore, a
contact a of the switch 25/ and a contact a' of the switch 25/
are connected to connection contacts 29; and 29i' of a con-
nector 4A via signal lines 28/ and 281" respectively.

[0131] Furthermore, a connection contact 32i of a connec-
tor receiver 5B connected to a connection contact 29 of the
connector 4A is connected to a DC bias voltage generation
section 37 via a signal line 33/, a multiplexer 34 and a signal
line 38.

[0132] Furthermore, a connection contact 32 of the con-
nector receiver 5B connected to the connection contact 297" of
a connector 4B is connected to a transmission signal genera-
tion section 36 and an input end of an amplifier 40 via the
signal line 337", a multiplexer 34' and a signal line 38'. Switch-
ing of the multiplexers 34 and 34' is controlled by a control
section 39.

[0133] The present embodiment adopts a configuration
with no capacitor 42 in FIG. 2B.

[0134] The lever 27B, the connection section 26 and the
switches 25i and 25" of the present embodiment shown in
FIG. 9 can be formed in a configuration similar to that shown,
for example, in FI1G. 6 and FIG. 8.

[0135] That is, a configuration similar to that of the con-
nection contacts 29i and 32i described in FIG. 6 and FIG. 8
may also be applied to the connection contacts 297" and 327"
added from the connection contacts 29; and 32i of the first
embodiment.

[0136] As described in the first embodiment, when the
mounting state is set in which the lever 27B is locked as
shown in FIG. 6(C), the common contacts ¢ and ¢' of the
switches 25/ and 25/" are connected to the contacts a and a'
respectively. That is, also in the present embodiment, in a
predetermined mounting state in which the ultrasound endo-
scope 3 is connected to the observation apparatus 6, the com-
mon contacts ¢ and ¢' of the switches 25/ and 25" are con-
nected to the contacts a and a' as shown in FIG. 9.

[0137] Inthis state, the upper electrode 21i of each C-MUT
element 9/ making up the C-MUT 9 is connected to the
transmission/reception signal system of the observation
apparatus 6 via the switch 25/". Furthermore, the lower elec-
trode 22i of each C-MUT element 9 is connected to the DC
bias voltage generation section 37 of the observation appara-
tus 6 via the switch 25i.

[0138] Applying a transmission signal and a DC bias volt-
age from the observation apparatus 6 to the C-MUT element
9i allows ultrasound to be outputted from each C-MUT ele-
ment 9i. Furthermore, an ultrasound tomographic image is
displayed on the monitor 6B by performing signal processing
on the echo signal received through each C-MUT element 9i.

[0139] When the ultrasound inspection ends, the ultra-
sound endoscope 3 can be disconnected from the observation
apparatus 6 by turning thelever 27B and setting the connector
4B at a position where it can be disconnected from the con-
nector receiver 5B (released position where the connection
can he released) as in the case described in the first embodi-
ment.
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[0140] When the lever 27B is turned and the released posi-
tion where the connection can be released is set, that is, when
a state corresponding to that in FIG. 6(B) is set, the common
contacts ¢ and ¢' of the switches 257 and 25i" are connected to
the contacts b and b' respectively and the charge of each
C-MUT element 9i is discharged to ground.

[0141] Furthermore, even when the connector4B is discon-
nected from the connector receiver 5B in the state in FIG.
6(B) and set in the unconnected state in FIG. 6(A), the con-
nection state of the switches 25/ and 25/ in FIG. 6(B) is
maintained.

[0142] Therefore, although the present embodiment adopts
a configuration in which the switch 25/ of the first embodi-
ment is modified into a pair of the switches 25i and 25/, the
present embodiment has substantially the same operations as
those of the first embodiment. Moreover, the present embodi-
ment has effects similar to those of the first embodiment.
[0143] InFIG. 9, acase with the electronic scan ultrasound
endoscope 3 has been described, but it is obvious that the
present invention is also applicable to a case with a mechani-
cal scan ultrasound probe unit 2. That is, one of the plurality
of C-MUT elements 9i making up the C-MUT 9 in FIG. 9 is
replaced with the C-MUT 10, and similar operation and
effects can be obtained in this case, too.

[0144] InFIG. 9, since charge may be accumulated also on
the upper electrode 21; side, a configuration may also be
adopted in which the contact b' of the switch 25" in FIG. 9 is
connected to the ground via a discharge device that discharges
the charge. In this configuration, the signal line 23 connected
to the upper electrode 21/ is changed to the signal line 28" side
of the contact a' and the discharge device side of the contact b’
through the switching by the switch 25/ in conjunction with
the operation of the lever 27B.

[0145] Thus, when the signal line 23i is switched so as to be
electrically continuous with the discharge device side through
the operation of the lever 27B, it is possible to discharge the
charge of the upper electrode 21i also on the upper electrode
21i side as in the case of the lower electrode 22i side.

Third Embodiment

[0146] Next, a third embodiment of the present invention
will be described. When the connection between the ultra-
sound probe unit 2 or ultrasound endoscope 3 and the obser-
vation apparatus 6 is released (disconnected) through the
structure using the aforementioned levers 27A and 27B, it is
preferable to set a state in which the discharge section 31 is
electrically connected to the CMUT 10 or 9 before the con-
nection contact 29 of the connector 4A of the ultrasound
probe unit 2 or the connection contact 29i (291') of the ultra-
sound endoscope 3 is separated from the connection contact
32 or 32i (32i) of the connector receiver 5A or 5B of the
observation apparatus 6 through the disconnection.

[0147] The aforementioned first and second embodiments
are configured to realize this and another configuration
example for realizing this is shown using a table in FIG. 10.
FIG. 10 shows a lever 59 provided with a button 61 to change
the switch 25 (25i in the case of the ultrasound endoscope 3)
of the ultrasound probe unit 2 and a state in which the button
is pressed determines whether the turning of the lever 59 is
regulated or not.

[0148] As shown on the left side of the table in FIG. 10, a
white circle represents a state of the button 61 in which the
button 61 is not pressed and a black circle represents a state of
the button 61 in which the button 61 is pressed.
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[0149] When the button 61 is not pressed as shown on the
right side of FIG. 10, the switch 25 is connected to a DC
bias/transmission/reception section 62 on the observation
apparatus 6 side.

[0150] Here, the DC bias/transmission/reception section 62
represents the DC bias voltage generation section 37 con-
nected to the signal line 33, the transmission signal generation
section 36 connected via the capacitor 42, the amplifier 40
and the reception processing section 41 in FIG. 2A.

[0151] On the other hand, in the case of the ultrasound
endoscope 3, the DC bias/transmission/reception section 62
represents the multiplexer 34 connected to the signal line 33/,
the DC bias voltage generation section 37, the transmission
signal generation section 36 connected via the capacitor 42,
the amplifier 40 and the reception processing section 41 in
FIG. 2B.

[0152] Ontheotherhand, when the button 61 is pressed, the
switch 25 is connected to the discharge section 31 side. A
structure is adopted for the lever 59 in such a configuration in
which the lever 59 cannot be turned unless the button 61 is
pressed (state shown by the black circle in FIG. 10) and the
ultrasound probe unit 2 cannot be disconnected from the
observation apparatus 6 unless the lever 59 is turned.

[0153] When such a configuration is adopted, for the con-
nection between the ultrasound probe unit 2 and the observa-
tion apparatus 6, turning the lever before the disconnection
causes the C-MUT 10 to be electrically connected to the
discharge section 31.

[0154] FIG. 11 shows this state. The left figure of FIG. 11
shows a state in which the ultrasound probe unit 2 and the
observation apparatus 6 are unconnected. Since the button 61
of the lever 59 is pressed, the switch 25 is connected to the
discharge section 31 and the horizontal position of the lever
59 indicates that the ultrasound probe unit 2 is not connected
to the observation apparatus 6.

[0155] The figure in the middle of FIG. 11 shows a state in
which the ultrasound probe unit 2 and the observation appa-
ratus 6 are connected. In this case, the lever 59 is turned to an
upright position indicating that the ultrasound probe unit 2 is
connected to the observation apparatus 6. However, the
switching state of the switch 25 remains as shown in the lower
part of FIG. 10.

[0156] The right figure of FIG. 11 indicates that the button
61 of the lever 59 is operated to be set (changed) to a state in
which the button 61 is not pressed, showing that the ultra-
sound probe unit 2 is connected to the observation apparatus
6 in a predetermined mounting state and that the switch 25 in
FIG. 10 is changed to the DC bias/transmission/reception
section 62 side.

[0157] The operation for disconnecting the ultrasound
probe unit 2 from the observation apparatus 6 is opposite to
these operations and by operating the button 61 to cause the
switch 25i to be connected to the discharge section 31 (middle
of FIG. 11) and then turning the lever 59, the ultrasound probe
unit 2 can be disconnected from the observation apparatus 6.

[0158] According to the present embodiment, when the
ultrasound probe unit 2 is released (disconnected) from the
observation apparatus 6, it is possible to get the discharge
section 31 connected to the C-MUT 10 before the release. The
present embodiment also has effects similar to those of the
first embodiment and the second embodiment.
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[0159] As described in the case with the ultrasound probe
unit 2, the present embodiment is likewise applicableto a case
with the electronic scan ultrasound endoscope 3 and can
obtain similar effects.

Fourth Embodiment

[0160] In the aforementioned embodiments, the switches
25 and 25i (25i") and the discharge section 31 are present on
the ultrasound probe unit 2 or ultrasound endoscope 3 side,
but these may be set up on the observation apparatus 6. FIG.
12 illustrates an ultrasound endoscope 3 and an observation
apparatus 6 according to a fourth embodiment as such a
configuration example.

[0161] The present embodiment adopts a lever 59 provided
with abutton 61 on the ultrasound endoscope 3 side instead of
the lever 27B in the configuration of FIG. 2B. Moreover, the
switch 25i and the discharge section 31 provided on the
ultrasound endoscope 3 side in FIG. 2B are set up on the
observation apparatus 6.

[0162] As shown in FIG. 12, a signal line 24 connected to
alower electrode 22/1s connected to a connection contact 29,
a connection contact 32/ is connected to a common contact ¢
of the switch 25/ provided inside the observation apparatus 6
via a signal line 70i. Furthermore, a contact a of the switch 257
is connected to a contact i of a multiplexer 34 via a signal line
33i.

[0163] Furthermore, a contact b of the switch 25/ is con-
nected to the discharge section 31 via a signal line 301,
[0164] Furthermore, in the present embodiment, a trans-
mission section 71 transmits control information for control-
ling the switch 25/ or a control state to the switch 257 from the
lever 59.

[0165] As aconfiguration example in this case, ON/OFF by
the pressing operation of the button 61 provided in the lever
59 is transmitted to the switch 25/ inside the observation
apparatus 6 via a signal line 724, connection contacts 44 and
5d and a signal line 725 that form a transmission section 71.
[0166] As shown in FIG. 12, a configuration may also be
adopted in which the transmission section 71 is connected to
a control section 39 that manages the entire operation of the
observation apparatus 6 via a signal line 72¢ connected to the
signal line 725. That is, the ON/OFF operation of the button
61 in the lever 59 may be transmitted to the control section39.
[0167] In this way, the control section 39 decides whether
the button 61 of the lever 59 is pressed or not and sends the
decision result to a reception processing section 41. The
reception processing section 41 has an information display
processing section 41a that generates an information display
video signal to display information corresponding to the
switching state of the switch 25i according to the decision
result.

[0168] The reception processing section 41 superimposes
the information display video signal on a video signal of an
ultrasound tomographic image, outputs the signal to a moni-
tor 6B and the monitor 6B displays the information.

[0169] As in the aforementioned case, the control section
39 controls operations of a transmission signal generation
section 36, a DC bias voltage generation section 37 and the
reception processing section 41. The control section 39 may
also perform a switching operation of the switch 25 accord-
ing to the decision result of the button 61. Alternatively,
switching between the contacts of the switch 25/ may be
directly performed using a signal through the operation of the
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button 61. Furthermore, the switch 25 may be configured as
an electric switch, relay switch or the like.

[0170] FIG. 13 illustrates a display example of information
on the monitor 6B. While the ultrasound endoscope 3 is
connected to the observation apparatus 6, for example, an
information display area 195 of a peripheral section of a
display area 19a of an ultrasound tomographic image on a
screen of the monitor 6B as shown in FIG. 13(A) displays
information such as a message “discharging.”

[0171] This information need not always be displayed but
may be displayed according to the display control operation
from an operation section (not shown) that operates the obset-
vation apparatus 6.

[0172] On the other hand, when the ultrasound endoscope 3
is disconnected from the observation apparatus 6, if the
operator attempts to disconnect the ultrasound endoscope 3
before discharge, a message “not discharged” may be dis-
played on the monitor 6B in a large size as shown in FIG.
13(B). After allowing the operator to discharge, a message
may be given to the operator to guide the operator to perform
a disconnection operation.

[0173] Other effects of the present embodiment are sub-
stantially the same as those of the aforementioned embodi-
ments.

[0174] Although the present embodiment has been
described by taking a case of the electronic scan ultrasound
endoscope 3, the present embodiment is also applicable to a
case of the mechanical scan ultrasound probe unit 2. The
present embodiment can obtain operation and effects similar
to those of the electronic scan ultrasound endoscope 3.
[0175] Inthe aforementioned embodiments, the ultrasound
probe unit 2 may be adapted to an electronic scan configura-
tion. Alternatively, a mechanical scan ultrasound endoscope
may be adapted instead of the electronic scan ultrasound
endoscope 3. Moreover, the ultrasound probe unit 2 shown in
FIG. 1has a configuration in which the ultrasound probe 13 to
be used inserted in the body is detachably attached to the drive
unit 11, but a structure may also be adopted in which the
ultrasound probe unit 2 is integrated with the drive unit 11.
Furthermore, the ultrasound probe unit 2 may also be an
ultrasound probe to be used outside the body.

Fifth Embodiment

[0176] FIG. 14 illustrates a configuration example of, for
example, a mechanical scan ultrasound probe unit 2E and an
observation apparatus 6F according to a fifth embodiment of
the present invention. The present embodiment adopts, for
example, a connector 4E and a connector receiver SE as a
connection section different from that in the first embodi-
ment.

[0177] Asshownin FIG. 14, the ultrasound probe unit 2E is
mounted with one C-MUT 10 having the same configuration
as that shown in FIG. 2A. Furthermore, as shown in FIG. 2A,
a connection contact 32 in the observation apparatus 6F is
connected to a DC bias voltage generation section 37 via a
signal line 33.

[0178] In the present embodiment, as shown in FIG. 15A,
the connector 4E and the connector receiver 5E have a cylin-
drical connector housing (simply referred to as “housing™)
84E and a connector receiver housing (simply referred to as
“housing”) 85E provided with a columnar concave section
with which the cylindrical housing 84E is engaged.

[0179] A connection contact 29 is provided on a front end
face of the housing 84E in F1G. 14 and the connection contact
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32 which is in contact with and electrically connected to the
connection contact 29 is provided on an innermost part of the
concave section in the housing 85E.

[0180] Furthermore, a rotatable lever 79 protrudes from a
cylindrical side of the housing 84E. On the other hand, the
housing 85E of the connector receiver SE is provided with a
guide groove 82a which serves as a guide when the housing
84F of the connector 4E is connected/disconnected (attached/
detached).

[0181] Furthermore, the housing 85E is provided with a
circumferential groove 825 formed in a direction orthogonal
to the guide groove 82a for a contact switching operation by
the lever 79, setting the connector 4E and the connector
receiver SE ina locked state in conjunction with the switching
operation and changing the locked state to a released state.
[0182] As is clear from FIG. 15A, when the lever 79 enters
the circumferential groove 824 side from a position shown by
a dotted line (released position), a locked state is in place in
which it is possible to prevent (regulate) disconnection of the
connector 4E from the connector receiver 5E through pulling
out thereof.

[0183] Theproximal end side of the lever 79 is connected to
a rotor-side disk 83a arranged inside the housing of the con-
nector 4F and rotated as shown in FIG. 15B to form a con-
nection section 26 and a common contact ¢ which forms a
switch 25 connected to a signal line 24 is provided on one
surface (back surface in FIG. 15B) of the rotor-side disk 83a.
[0184] Opposite to the rotor-side disk 83a, a stator-side
disk 835 that contacts the rotor-side disk 83« is arranged, and
a contact a and a contact b that selectively contact and are
electrically connected to the common contact ¢ through the
turning operation of the lever 79 are formed in the stator-side
disk 835

[0185] Both disks 83a and 834 are formed of an insulating
member. Furthermore, signal lines connected to the contacts
aand b, and the common contact ¢ are omitted in FIG. 15B.
[0186] Inthe position (lock position) of the lever 79 shown
by a solid line in FIG. 15A, the common contact ¢ is electri-
cally connected to the contact aas shown in FIG. 14. This lock
position becomes a predetermined mounting state when the
connector 4F and the connector receiver SE are used con-
nected together.

[0187] Ontheotherhand, inthe position (released position)
of the lever 79 shown by the dotted line in FIG. 15A, the
common contact ¢ is set to a state in which the common
contact ¢ is electrically connected to the contact b as shown by
adotted line in FIG. 14. Furthermore, there is such a structure
that the connector 4E cannot be disconnected from the con-
nector receiver SE unless the lever 79 is set to the released
position as described above.

[0188] Furthermore, as will be described in later operation,
the present embodiment can realize a structure provided with
the function described in the third embodiment.

[0189] Next, operation of the present embodiment will be
described.
[0190] When the ultrasound probe unit 2E is used, con-

nected to the observation apparatus 6E to perform an ultra-
sound inspection, the connector 4E is engaged with the con-
nector receiver SE and the lever 79 is then set to a lock
position. As shown in FIG. 14, the common contact ¢ of the
switch 25 is electrically connected to the contact a.

[0191] Therefore, the C-MUT 10 of the ultrasound probe
unit 2E is ready to be driven by the observation apparatus 6E.
A transmission signal from a transmission signal generation
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section 36 is then superimposed on a DC bias voltage via the
signal line 33 and outputted to the ultrasound probe unit 2E
side.

[0192] As shown in FIG. 14, since the common contact ¢ is
electrically connected to the contact a, a transmission signal is
superimposed on the DC bias voltage and applied to the lower
electrode 22 of the C-MUT 10 and the C-MUT 10 transmits
ultrasound to the subject side in the body cavity.

[0193] Ultrasound reflected by a part of the subject where
an acoustic impedance is changing is received by the C-MUT
10 and becomes an echo signal.

[0194] The echo signal superimposed on the DC bias volt-
age passes through the switch 25, the DC bias voltage thereof
is cut by the capacitor 42 and the signal is amplified by the
amplifier 40. The echo signal amplified by the amplifier 40 is
subjected to signal processing by the reception processing
section 41, converted to a video signal, and then outputted to
the monitor 6B and an ultrasound tomographic image is dis-
played on the display screen of the monitor 6B.

[0195] After performing the ultrasound inspection using
ultrasound, the operator turns OFF the power to the observa-
tion apparatus 6F to stop the function of transmitting/receiv-
ing ultrasound (and the function of generating a DC bias
voltage).

[0196] When the ultrasound probe unit 2E is disconnected
from the observation apparatus 6F, the lever 79 is turned to a
released position shown by the dotted line in FIG. 15A, and it
is thereby possible to disconnect the connector 4E of the
ultrasound probe unit 2E from the connector receiver 5E of
the observation apparatus 6F.

[0197] Inconjunction with the turning of the lever 79 in this
case, the common contact ¢ of the switch 25 is connected to
the contact b, that is, a resistor R making up a discharge
section 31 via the connection section 26. As a result, the
charge of the C-MUT 10 is discharged to ground in FIG. 14
via the resistor R of the discharge section 31. It is thereby
possible to eliminate the charge present in the C-MUT 10.
[0198] Therefore, according to the present embodiment
(since the charge present in the C-MUT 10 can be eliminated),
it is possible to reliably prevent deterioration of the contact
due to discharge when the connector 4E is disconnected from
the connector receiver SE caused by the charge present in the
C-MUT 10 or eliminate the possibility that a high voltage
during discharge may damage the transmission/reception
processing system that performs transmission/reception in
the observation apparatus 6E.

[0199] Furthermore, according to the present embodiment,
it is possible to reduce or prevent the advance of deterioration
of the C-MUT 10 device itself due to the charge accumulated
for a long time in the capacitive micromachined ultrasonic
transducer (C-MUT) 10. The present embodiment prevents
the charge from being accumulated in the C-MUT 10 device,
and can thereby secure stable sensitivity for a long period of
time. The present embodiment can also realize an ultrasound
diagnostic system with a high level of reproducibility.
[0200] Furthermore, according to the present embodiment,
the connector 4F cannot be disconnected from the connector
receiver SE when the connector 4E is connected to the con-
nector receiver SE and the lever 79 is set to a lock position, it
is thereby possible to reliably prevent the ultrasound probe
unit 2E from being carelessly disconnected from the obser-
vation apparatus 6FE during an ultrasound inspection. The
present embodiment can provide an ultrasound diagnostic
system with a high level of operability and reliability.
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[0201] Furthermore, the present embodiment may be
adapted to have a configuration having effects similar to those
of the aforementioned third embodiment. For example,
instead of the circular contact b shown by the solid line in
FIG. 15B, an arc-shaped contact that extends in the direction
of the contact a as shown by a two-dot dashed line may be
adopted.

[0202] When the lever 79 is turned from the lock position
corresponding to a predetermined mounting state to a
released position, adopting such an arc-shaped contact causes
the common contact ¢ to have an electric connection (conti-
nuity) with the arc-shaped contact slightly before the lever 79
is set to the released position. The electric connection thereof
1s maintained until the lever 79 is set to the released position.
[0203] Therefore, when the operator sets the ultrasound
probe unit 2E to a released position (of the connection sec-
tion) where the ultrasound probe unit 2E can be disconnected
from the observation apparatus 6E, the C-MUT 10 is electri-
cally connected to the discharge section 31 in the connection
state of the switch 25 at the released position.

[0204] In this state, the charge between the lower electrode
22 and the upper electrode 21 of the C-MUT 10 is discharged
by the discharge section 31 and the contact a of the switch 25
(connected to the connection contact 29 of the connector 4E)
is in a released state, and it is thereby possible to disconnect
the ultrasound probe unit 2E from the observation apparatus
6F without any problem, that is, without causing any adverse
influence on the transmission/reception processing system or
the like of the observation apparatus 6E.

[0205] An embodiment formed by partially combining the
configurations of the aforementioned embodiments or the
like also belongs to the present invention.

What is claimed is:

1. An ultrasound diagnostic system comprising:

an ultrasound device mounted with a capacitive microma-
chined ultrasonic transducer;

a connection section for detachably connecting the ultra-
sound device and an ultrasound observation apparatus
provided with a transmission signal generation section
that generates a transmission signal to drive the capaci-
tive micromachined ultrasonic transducer using a con-
nector provided in the ultrasound device and a connector
receiver provided in the ultrasound observation appara-
tus;

a discharge section for discharging charge applied to the
capacitive micromachined ultrasonic transducer;

a lock mechanism that keeps, when the connector is set in
a predetermined mounting state with respect to the con-
nector receiver, a locked state in which the connector is
prevented from disconnecting from the connector
receiver, and that sets a released state in which the locked
state is released through an unlock operation; and

a switching section arranged on a signal line between the
capacitive micromachined ultrasonic transducer and the
ultrasound observation apparatus,

wherein when the predetermined mounting state is set, the
capacitive micromachined ultrasonic transducer is elec-
trically connected to the transmission signal generation
section via the signal line, and

through switching of the switching section after the unlock
operation with respect to the lock mechanism, a state is
set in which the charge of the capacitive micromachined
ultrasonic transducer in the ultrasound device that can be
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disconnected from the ultrasound observation apparatus
is discharged by the discharge section.

2. The ultrasound diagnostic system according to claim I,
wherein the switching section performs switching to set a
state in which the discharge section discharges the charge of
the capacitive micromachined ultrasonic transducer in con-
junction with an operation of setting, from a state in which a
connector of the ultrasound device and a connector receiver of
the ultrasound observation apparatus making up the connec-
tion section are set in a predetermined mounting state, a
released state in which the connector can be disconnected
from the connector receiver.

3. The ultrasound diagnostic system according to claim 1,
wherein switching of the switching section is performed in
conjunction with a moving operation of a lever for connec-
tion/disconnection operation with respect to the connection
section provided in the ultrasound device.

4. The ultrasound diagnostic system according to claim 1,
wherein the switching section is configured using a switch.

5. The ultrasound diagnostic system according to claim 1,
wherein the discharge section is configured using a resistor.

6. The ultrasound diagnostic system according to claim 1,
wherein the discharge section is connected to a ground to
discharge the charge of the capacitive micromachined ultra-
sonic transducet.

7. The ultrasound diagnostic system according to claim 1,
wherein the state of the switching section is reported to the
ultrasound observation apparatus to allow the state of the
switching section to be displayed on a display apparatus.

8. The ultrasound diagnostic system according to claim 2,
wherein the connector and the connector receiver can be setto
the predetermined mounting state and the released state
through a turning operation of a lever, and the switching
section changes from a state before the predetermined mount-
ing state is changed to the setting position of the released state
to astate in which the charge of the capacitive micromachined
ultrasonic transducer is discharged by the discharge section
through the turning operation of the lever.

9. The ultrasound diagnostic system according to claim 1,
wherein the switching by the switching section is performed
in conjunction with a moving operation of a connection/
disconnection operation member with respect to the connec-
tion section provided for the ultrasound device.

10. The ultrasound diagnostic system according to claim 1,
wherein the ultrasound device is mounted with an electronic
scan capacitive micromachined ultrasonic transducer or
mechanical scan capacitive micromachined ultrasonic trans-
ducer.

11. The ultrasound diagnostic system according to claim 1,
wherein when the connector is not connected to the connector
receiver, the connector causes a contact pin electrically con-
nected to one electrode of the capacitive micromachined
ultrasonic transducer to contact a contact member provided in
the connector and maintains a state in which the other elec-
trode facing the one electrode is connected to a conductive
ground via the discharge section that is electrically continu-
ous with the contact member, and

when a distal end side of the connector 1s inserted into the

connector receiver, by turning a lever that forms the lock
mechanism, an outer surface of a holding frame that
holds a distal end side of the contact pin inside is pressed
by a member operating in conjunction with the turning
operation of the lever, the contact pin is kept from con-
tacting the contact member, the contact pin is made
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electrically discontinuous to the discharge section, a
midway portion of the contact pin is deformed by pres-
sure and set to a predetermined mounting state in which
the midway portion contacts the contact pin on the con-
nector receiver side, and the connectoriskeptina locked
state preventing the connector from being disconnected
from the connector receiver.

12. The ultrasound diagnostic system according to claim
11, wherein the member operating in conjunction with the
turning operation of the lever is a cam having an ellipsoidal
cross section.

12
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13. The ultrasound diagnostic system according to claim
11, wherein the contact pin on the connector receiver side is
electrically continuous with the signal line that transmits the
transmission signal.

14. The ultrasound diagnostic system according to claim 1,
wherein when the connector is disconnected from the con-
nector receiver, one electrode of the capacitive microma-
chined ultrasonic transducer and the other electrode facing
the one electrode are set to be always electrically continuous
via the discharge section.

#® ok ok ok ok
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