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(54) ULTRASONOGRAPH

(57) An ultrasound diagnostic apparatus includes: an
ultrasound probe including an capacitive micromachined
ultrasound transducer; an ultrasound observation appa-
ratus to which the ultrasound probe is detachably con-
nected, the ultrasound observation apparatus including
a transmission circuit that generates an ultrasound trans-
mission signal, and a reception circuit; a transmission
ultrasound transducer and a reception ultrasound trans-
ducer included in the capacitive micromachined ultra-
sound transducer, the transmission ultrasound transduc-
er including a plurality of transmission capacitive cells

that each send ultrasound out, and the reception ultra-
sound transducer including a plurality of reception ca-
pacitive cells that each receive reflected ultrasound of
the sent-out ultrasound and output an ultrasound recep-
tion signal; a transmission signal cable connecting the
transmission ultrasound transducer and the transmission
circuit; a reception signal cable connecting the reception
ultrasound transducer and the reception circuit; a first
matching section and a second matching section that
perform electrical impedance matching for the ultrasound
transmission signal and the ultrasound reception signal.
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Description

Technical Field

[0001] The present invention relates to an ultrasound
diagnostic apparatus that performs ultrasound diagnosis
using a capacitive micromachined ultrasound transduc-
er.

Background Art

[0002] In recent years, the development of ultrasound
devices using a capacitive micromachined ultrasound
transducer (abbreviated as "C-MUT"), which is different
from a piezoelectric transducer, as an ultrasound trans-
ducer has been advanced.
[0003] In the C-MUT, a vacuum space region is pro-
vided between upper and lower electrodes, and a DC
bias voltage and a transmission signal or an ultrasound
transmission signal are applied to the upper electrode to
send ultrasound out toward a site to be examined, and
ultrasound returned as a result of reflection is received
by an upper membrane, converted into an ultrasound
echo signal (referred to as "ultrasound reception signal"
or simply as "reception signal") as a converted electric
signal, and used for ultrasound examination or diagnosis.
[0004] The transmission signal transmitted to the C-
MUT and the reception signal received in the C-MUT are
conveyed via respective cables, and here, the problem
of an impedance mismatch may arise between the cables
and capacitances the C-MUT has, resulting in a decrease
in transmitting/receiving sensitivity.
[0005] More specifically, reflection of the transmission
signal due to an impedance mismatch causes distortion
of the waveform of the transmission signal, a decrease
in level of a transmission signal that can actually be ap-
plied to the C-MUT or superimposition of a waveform
arising from the mismatch on the received reception sig-
nal, resulting in a decrease in receiving sensitivity and/or
S/N ratio.
[0006] Addressing such phenomena, the related art in
Japanese Patent No. 4575372 clearly indicates including
impedance converting means for converting an output of
a  transducer element so as to have a low impedance for
electrical impedance matching with an impedance of a
cable, in the vicinity of the transducer element, for pre-
vention of a decrease in receiving sensitivity.
[0007] In the above related art, a same route is provid-
ed for transmission and reception, and in particular, fo-
cusing on a received signal output, the impedance con-
verting means is provided. However, in the C-MUT, the
upper membrane has different vibration characteristics
in transmission and in reception, and as a result there is
a case in which a difference is made in impedance char-
acteristics of the C-MUT. Thus, it is difficult to utilize the
characteristics of the C-MUT maximally even when ad-
justment of the impedance is performed with respect to
the reception signal only by the impedance converting

means as the above related art.
[0008] The present invention has been made in view
of the foregoing points and an object of the present in-
vention is to provide an ultrasound diagnostic apparatus
capable of obtaining an ultrasound image having high
receiving sensibility and high S/N by performing imped-
ance adjustment in both transmission and reception
when performing transmission and reception of ultra-
sound by a capacitive micromachined ultrasound trans-
ducer (C-MUT).

Disclosure of Invention

Means for Solving the Problem

[0009] An ultrasound diagnostic apparatus according
to an aspect of the present invention includes: an ultra-
sound probe including a capacitive micromachined ultra-
sound transducer; an ultrasound observation apparatus
to which the ultrasound probe is detachably connected,
the ultrasound observation apparatus including a trans-
mission circuit that generates an ultrasound transmission
signal for sending ultrasound out from the capacitive mi-
cromachined ultrasound transducer, and a reception cir-
cuit that performs signal processing on an ultrasound re-
ception signal generated as a result of ultrasound being
received by the capacitive micromachined ultrasound
transducer; a transmission ultrasound transducer and a
reception ultrasound transducer included in the capaci-
tive micromachined ultrasound  transducer, the transmis-
sion ultrasound transducer including a plurality of trans-
mission capacitive cells that each send ultrasound out,
and the reception ultrasound transducer including a plu-
rality of reception capacitive cells that each receive re-
flected ultrasound of the sent-out ultrasound and output
an ultrasound reception signal; a transmission signal ca-
ble connecting the transmission ultrasound transducer
and the transmission circuit in the ultrasound observation
apparatus; a reception signal cable connecting the re-
ception ultrasound transducer and the reception circuit
in the ultrasound observation apparatus; and a first
matching section and a second matching section that
perform electrical impedance matching for the ultrasound
transmission signal conveyed via the transmission signal
cable and the ultrasound reception signal conveyed via
the reception signal cable, respectively.

Brief Description of the Drawings

[0010]

Fig. 1 is a diagram illustrating an overall configuration
of an ultrasound diagnostic apparatus according to
a first embodiment of the present invention;
Fig. 2 is a block diagram illustrating a configuration
of a circuit system that transmits/receives ultrasound
in Fig. 1;
Fig. 3 is a circuit diagram illustrating specific circuits
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in matching elements;
Fig. 4 is a block diagram illustrating a configuration
of a circuit system that transmits/receives ultrasound
in a modification of the first embodiment;
Fig. 5 is a diagram illustrating a schematic configu-
ration of an ultrasound diagnostic apparatus accord-
ing to a second embodiment of the present invention;
Fig. 6 is a diagram illustrating a schematic configu-
ration of an ultrasound diagnostic apparatus accord-
ing to a third embodiment of the present invention;
Fig. 7 is a configuration of an electronic scanning-
type ultrasound diagnostic apparatus in the present
invention;
Fig. 8 is a diagram indicating timings of, e.g., selec-
tion signals generated from a selection control signal
in Fig. 7;
Fig. 9 is a diagram illustrating a configuration of a
transmission ultrasound transducer peripheral por-
tion and a reception ultrasound transducer periph-
eral  portion that are configured so that impedance
matching is performed for each of transmission and
reception capacitive cells used for ultrasound trans-
mission/reception; and
Fig. 10 is a timing chart for a case where a rotation
angle of a stepping motor is synchronized with each
ultrasound transmission/reception period for one
pixel in the first embodiment.

Best Mode for Carrying Out the Invention

[0011] Embodiments of the present invention will be
described below with reference to the drawings.

(First Embodiment)

[0012] As illustrated in Fig. 1, an ultrasound diagnostic
apparatus 1 according to a first embodiment of the
present invention includes: an ultrasound endoscope 2,
a ultrasound observation apparatus (hereinafter simply
abbreviated as "observation apparatus") 3 to which an
ultrasound connector 7 of the ultrasound endoscope 2 is
detachably attached (connected); a first monitor 4 that
displays an ultrasound tomographic image generated by
the observation apparatus 3; an endoscope processor 5
to which an endoscope connector 8 of the ultrasound
endoscope 2 is detachably attached (connected); and a
second monitor 6 that displays an endoscopic image gen-
erated by the endoscope processor 5.
[0013] The ultrasound endoscope 2 includes an inser-
tion portion 11 to be inserted into a body cavity, an op-
eration portion 12 provided at a rear end of the insertion
portion 11, an ultrasound cable 13 extending from the
operation portion 12, and an endoscope cable 14. At a
terminal of the ultrasound cable 13, the ultrasound con-
nector 7 is provided and at a terminal of the endoscope
cable 14, the endoscope connector 8 is provided.
[0014] Inside a distal end portion 15 of the insertion
portion 11, a capacitive micromachined ultrasound trans-

ducer (C-MUT) 16 that sends out (transmits) ultrasound
and receives ultrasound returning as a result of the sent-
out ultrasound  being reflected is provided, and the C-
MUT 16 is attached to a distal end of a rotatable shaft 19
inserted in the insertion portion 11, via a transducer
mount 20.
[0015] In the present embodiment, the C-MUT 16 in-
cludes a transmission ultrasound transducer 17 including
a plurality of (here, four) transmission capacitive mi-
cromachined ultrasound transducer cells (hereinafter,
"transmission capacitive cells") 17a to 17d that each send
out ultrasound upon application of an ultrasound trans-
mission signal thereto, and a reception ultrasound trans-
ducer 18 including a plurality of (here, four) reception
capacitive micromachined ultrasound transducer cells
(hereinafter, "reception capacitive cells") 18a to 18d that
each receive ultrasound returned as a result of reflection
and output an ultrasound reception signal.
[0016] Since the reception ultrasound transducer 18
receives ultrasound resulting from ultrasound sent out
by the transmission ultrasound transducer 17 being re-
flected by a site to be examined, the transmission ultra-
sound transducer 17 and the reception ultrasound trans-
ducer 18 are desirably arranged within a small distance,
and in Fig. 1, the transmission ultrasound transducer 17
and the reception ultrasound transducer 18 are arranged
in a transmission C-MUT cell region (abbreviated as
"transmission cell region") Rs and a reception C-MUT
cell region (abbreviated as "reception cell region") Rr,
respectively, which are a predetermined transmission re-
gion and a predetermined reception region formed adja-
cent to each other in the distal end portion 15.
[0017] In the present embodiment, the transmission
cell region Rs in which the four transmission capacitive
cells 17a to 17d are arranged serves as a predetermined
transmission region from which ultrasound for generating
an ultrasound beam for one pixel is transmitted in each
transmission period for a case where an ultrasound im-
age for one frame in radial scanning is obtained, for ex-
ample, as described below. In other words, the four trans-
mission capacitive cells 17a to 17d are arranged in the
transmission cell region Rs, which is a predetermined
transmission region set as a transmission region from
which ultrasound for generating an ultrasound beam for
one pixel is transmitted.
[0018] Also, the reception cell region Rr in which the
four reception capacitive cells 18a to 18d are arranged
serves as a predetermined reception region in which ul-
trasound for generating an ultrasound beam for one pixel
is received in each reception period for a case where an
ultrasound image for one frame in radial scanning is ob-
tained. In other words, the four reception capacitive cells
18a to 18d are arranged in the reception cell region Rr,
which serves as a predetermined reception region set as
a reception region in which reflected ultrasound (reflected
signals) of the ultrasound transmitted from the four trans-
mission capacitive cells 17a to 17d arranged in the trans-
mission cell region Rs is received in order to obtain ul-
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trasound beams for one pixel.
[0019] Note that in Fig. 1, illustration of reference nu-
merals of the transmission capacitive cells 17a to 17d
and the reception capacitive cells 18a to 18d are omitted
(see Fig. 2 or 3). Also, a center of the transmission cell
region Rs in which the four transmission capacitive cells
17a to 17d are arranged and a center of the reception
cell region Rr in which the four reception capacitive cells
18a to 18d are arranged are arranged adjacent to each
other so that respective ultrasound transmission/recep-
tion directions in a radial scanning plane including direc-
tions A and B in Fig. 1 almost correspond to each other.
[0020] A rear end of the shaft 19 is connected to a
rotation driving section 21 provided inside the operation
portion 12. The rotation driving section 21 incorporates
a motor therein, and drives rotation of the C-MUT 16 at-
tached to the distal end of the hollow shaft 19 together
with the hollow shaft 19.
[0021] The transmission ultrasound transducer 17 in-
cluded in the C-MUT 16 makes ultrasound scan in a radial
direction perpendicular to an axis of the insertion portion
11, and the reception ultrasound transducer 18 receives
ultrasound retuned as a result of the ultrasound being
reflected upon radial scanning.
[0022] The transmission ultrasound transducer 17 is
connected to an end portion of a transmission signal ca-
ble 23a, which conveys an ultrasound transmission sig-
nal, via a transmission matching element 22, which
serves as matching means (or a matching section) pro-
vided on the transducer mount 20. In the case of the
configuration  illustrated in, e.g., Fig. 2, first matching
means or a first matching section for transmission signals
is provided by the transmission matching element 22.
[0023] The transmission matching element 22 makes
the end portion (output end) of the transmission signal
cable 23a having a first characteristic impedance value
Z1 match an electrical impedance (abbreviated simply
as "impedance") of the transmission ultrasound trans-
ducer 17 to convey/apply an ultrasound transmission sig-
nal conveyed via the transmission signal cable 23a to
the transmission ultrasound transducer 17 side. In other
words, the transmission matching element 22 performs
impedance matching for an ultrasound transmission sig-
nal conveyed via the transmission signal cable 23a to
reduce occurrence of reflection and conveys the ultra-
sound transmission signal to the transmission ultrasound
transducer 17 side.
[0024] The transmission signal cable 23a is inserted
through a hollow portion of the shaft 19 and electrically
connected via a slip ring 24 in the operation portion 12
to a transmission signal cable 23b (having the first char-
acteristic impedance value Z1 that is the same as that of
the transmission signal cable 23a) inserted in the ultra-
sound cable 13 outside the slip ring 24. Note that in Fig.
2, the transmission signal cables 23a and 23b are col-
lectively indicated by a transmission signal cable 23.
[0025] Also, the reception ultrasound transducer 18 is
connected to a reception signal cable 26a, via which ul-

trasound reception signals are conveyed, via a reception
matching element 25, which serves as a matching means
(or a matching section), provided on the transducer
mount 20. In the case of the configuration illustrated in,
e.g., Fig. 2, second matching means or a second match-
ing section for reception signals is provided by the recep-
tion matching element 25.
[0026] The reception matching element 25 makes an
impedance of the reception ultrasound transducer 18 that
outputs an ultrasound reception signal match an end por-
tion (entrance end) of the reception signal cable 26a hav-
ing a second characteristic impedance value Z2 to con-
vey the ultrasound reception signal outputted by the re-
ception ultrasound transducer 18 to the reception signal
cable 26a.
[0027] In other words, the reception matching element
25 performs impedance matching for the ultrasound re-
ception signal outputted from the reception ultrasound
transducer 18 to reduce occurrence of reflection and con-
veys the resulting ultrasound reception signal to the re-
ception signal cable 26a side.
[0028] The reception signal cable 26a is inserted in the
hollow portion of the shaft 19 and electrically connected
via the slip ring 24 in the operation portion 12 to a recep-
tion signal cable 26b (having the second characteristic
impedance value Z2, which is the same as that of the
reception signal cable 26a) inserted in the ultrasound ca-
ble 13 outside the slip ring 24. Note that in Fig. 2, the
reception signal cables 26a and 26b are collectively in-
dicated by a reception signal cable 26.
[0029] Note that the first characteristic impedance val-
ue Z1 and the second characteristic impedance value Z2
may be equal to or different from each other.
[0030] The transmission signal cable 23b and the re-
ception signal cable 26b are connected via the ultrasound
connector 7 to a transmission circuit 31 and a reception
circuit 32 provided inside the observation apparatus 3,
through capacitors 33a and 33b, which serve as DC bias
voltage blocking elements that block a DC bias voltage
from being applied to the transmission circuit 31 and the
reception circuit 32, and are also connected to a DC bias
generation circuit 35 via a switch 34. In the present em-
bodiment, a difference in impedance value between an
output end from which the transmission circuit 31 outputs
an ultrasound transmission signal and an end portion (in-
put end) of the transmission signal cable 23b from which
an ultrasound transmission signal is inputted is set to be
small. Likewise, a difference in impedance value be-
tween an end portion (output end) of the reception signal
cable 26b and an input end of the reception circuit 32 is
set to be small. A case where such conditions as de-
scribed above are not set will be described in a modifi-
cation, which will be described later.
[0031] The observation apparatus 3 includes a control
circuit 36 that controls operation of the transmission cir-
cuit 31, the reception circuit 32 and the DC bias gener-
ation circuit 35 and also controls switching operation for
the switch 34.
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[0032] The control circuit 36 performs switching control
for the switch 34 as indicated by the solid line in ultra-
sound sending period or ultrasound transmission  period
(hereinafter simply "transmission period") in which ultra-
sound is sent out (transmitted).
[0033] The transmission circuit 31 generates a pulsed
ultrasound transmission signal (under the control of the
control circuit 36), and superimposes the transmission
signal on a DC bias voltage generated by the DC bias
generation circuit 35, and the resulting transmission sig-
nal is conveyed via the transmission signal cables 23b
and 23a and applied to the four transmission capacitive
cells 17a to 17d included in the transmission ultrasound
transducer 17 via the transmission matching element 22.
[0034] Fig. 2 illustrates a schematic configuration of
the four transmission capacitive cells 17a to 17d included
in the transmission ultrasound transducer 17. In the
transmission capacitive cells 17i (i = a, b, c, d), upper
electrodes 37u and a lower electrode 37d are provided
with a gap portion (vacuum space region) interposed
therebetween. The lower electrode 37d is electrically
connected in common to the four transmission capacitive
cells 17a to 17d.
[0035] Although Fig. 2 illustrates the four transmission
capacitive cells 17a to 17d formed in a belt-like region
along a line extending a horizontal direction, as illustrated
in Fig. 1, the four transmission capacitive cells 17a to 17d
may be formed in a nearly square region of, i.e., two rows
and two columns. Note that the shape of the transmission
capacitive cell 17i is not limited to a shape such as a
square shape and may be another shape such as a cir-
cular shape.
[0036] The ultrasound transmission signal superim-
posed on the DC bias voltage is applied to the four upper
electrodes 37u via the transmission matching element
22, whereby respective upper membranes vibrate and
generate ultrasound, and the transmission capacitive
cells 17a to 17d send the ultrasound out. The sent-out
ultrasound is made to exit toward the body cavity inner
wall side from an outer peripheral face of the distal end
portion 15 and reflected by a part in which the ultrasound
impedance changes.
[0037] The control circuit 36 performs switching oper-
ation for the switch 34 as indicated by the dotted line in
ultrasound reception period (hereinafter simply "recep-
tion period") in which ultrasound is received, and a DC
bias voltage is applied  to the four reception capacitive
cells 18a to 18d included in the reception ultrasound
transducer 18 to set the four reception capacitive cells
18a to 18d so as to receive ultrasound. The control circuit
36 sets the reception circuit 32 to be in an operating state.
[0038] As a result of repetition of the transmission pe-
riods and the reception periods (for example, from a first
transmission period and a first reception period to an n-
th transmission period and an n-th reception period), ul-
trasound data for generating an ultrasound tomographic
image corresponding to radial scanning is obtained, and
the ultrasound tomographic image is displayed on the

first monitor 4.
[0039] As illustrated in Fig. 2, the reception capacitive
cells 18i have a structure that is the same as that of the
transmission capacitive cells 17i, members that are the
same as those of the transmission capacitive cells 17i
are provided with reference numerals that are the same
as those of the transmission capacitive cells 17i and a
description thereof will be omitted.
[0040] Incoming ultrasound as a result of reflection by
the body cavity inner wall side is received by the four
reception capacitive cells 18a to 18d included in the re-
ception ultrasound transducer 18 arranged adjacent to
the transmission ultrasound transducer 17, and the re-
ception capacitive cells 18a to 18d generate ultrasound
reception signals.
[0041] The generated ultrasound reception signals are
conveyed to the reception signal cable 26 via the recep-
tion matching element 25 and inputted to the reception
circuit 32 from the output end of the reception signal cable
26. The reception circuit 32 generates an ultrasound to-
mographic image corresponding to a mechanical radial
scan, and outputs the ultrasound tomographic image to
the first monitor 4. On a display surface of the first monitor
4, the ultrasound tomographic image is displayed as an
ultrasound image.
[0042] At a position on the proximal end side of the
distal end portion 15 of the ultrasound endoscope 2, a
light-emitting diode (abbreviated as "LED") 41, which
serves as an illumination element that performs illumina-
tion, an objective lens 42,  and an image pickup device
43 arranged at a position where an image through the
objective lens 42 is formed are provided.
[0043] The LED 41 is connected to an LED power sup-
ply circuit 45 in the endoscope processor 5 via a power
supply wire 44 inserted in the insertion portion 11 and
the endoscope cable 14. The LED power supply circuit
45 supplies LED power for making the LED 41 emit light
to the LED 41.
[0044] The objective lens 42 forms an optical image of
an object such as a diseased part illuminated by the LED
41 on an image-pickup surface of the image pickup de-
vice 43. The image pickup device 43 photoelectrically
converts the optical image on the image-pickup surface
and outputs the resulting signal to the signal processing
circuit 47 in the endoscope processor 5 via a signal wire
46 inserted in the insertion portion 11 and the endoscope
cable 14. The signal processing circuit 47 performs signal
processing for generating an endoscopic image corre-
sponding to the optical image formed on the image pickup
surface, and outputs the endoscopic image to the second
monitor 6, and the endoscopic image is displayed on a
display surface of the second monitor 6.
[0045] Note that, although the present embodiment
has been described in terms of an example configuration
of the ultrasound endoscope 2 having an endoscope
function in addition to an ultrasound probe, which is an
ultrasound probe including a C-MUT, a configuration with
no endoscope function may be employed.
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[0046] Fig. 3 illustrates an example configuration of the
transmission matching element 22 and the reception
matching element 25 in the present embodiment. The
transmission matching element 22 and the reception
matching element 25 are each provided using coils and
a capacitor.
[0047] An outer conductor at an end portion of a coaxial
cable included in the transmission signal cable 23a is
connected to the lower electrode 37d of the transmission
ultrasound transducer 17, and a center conductor at the
end portion of the coaxial cable is connected to the upper
electrodes 37u of the (parallelly-connected) four trans-
mission capacitive cells 17a to 17d in the transmission
ultrasound transducer 17 via two coils 51 and 52 con-
nected in series, and a point of  connection between the
two coils 51 and 52 is connected to the (common) lower
electrode 37d via a capacitor 53.
[0048] The transmission ultrasound transducer 17 is
configured using the coils 51 and 52 and the capacitor
53 to achieve impedance matching between, mainly, ca-
pacitance components of the parallelly-connected four
transmission capacitive cells 17a to 17d and, mainly, an
inductance component of the coaxial cable included in
the transmission signal cable 23 a.
[0049] Also, the lower electrode 37d of the reception
ultrasound transducer 18 is connected to an outer con-
ductor at an end portion of a coaxial cable included in
the reception signal cable 26a, the (parallelly-connected)
four upper electrodes 37u in the transmission ultrasound
transducer 17 are connected to a center conductor at the
end portion of the coaxial cable via serially connected
two coils 54 and 55, and a point of connection between
the two coils 54 and 55 is connected to the lower electrode
37d via a capacitor 56.
[0050] The reception ultrasound transducer 18 is con-
figured using the coils 54 and 55 and the capacitor 56 to
achieve an impedance match between, mainly, capaci-
tive components of the parallelly-connected four recep-
tion capacitive cells 18a to 18d and, mainly, an induct-
ance component of the coaxial cable included in the re-
ception signal cable 26a.
[0051] Note that, although the present embodiment
has been described in terms of an example in which the
coils and the capacitor included in respective matching
means (or respective matching sections) are arranged
in the vicinity of the transmission ultrasound transducer
17 or the reception ultrasound transducer 18, a more
proper arrangement may be employed according to the
characteristics of the transmission capacitive cells 17a
to 17d included in the transmission ultrasound transducer
17 or the characteristics of the reception capacitive cells
18a to 18d included in the reception ultrasound transduc-
er 18, and the characteristics of the coaxial cable included
in the transmission signal cable 23a or the reception sig-
nal cable 26a. The same applies also to a case where
the configuration of the matching means (or the matching
section) has been changed as described below.
[0052] Although Fig. 3 indicates an example in which

the transmission matching element 22 and the reception
matching element 25, which each serve as matching
means (or a matching section), are configured using coils
and a capacitor, the configuration of the transmission
matching element 22 and the reception matching ele-
ment 25 is not limited to the configuration illustrated in
Fig. 3. For example, in Fig. 3, a configuration in which
only a capacitor is connected in parallel to the upper elec-
trodes 37u and the lower electrode 37d of the transmis-
sion ultrasound transducer 17 or the reception ultrasound
transducer 18 without using coils and the center conduc-
tor and the outer conductor of the coaxial cable are con-
nected to opposite ends of the capacitor may be em-
ployed.
[0053] Also, for the matching means (or the matching
section), a transformer that transforms an impedance
may be used.
[0054] The ultrasound diagnostic apparatus 1 config-
ured as described above includes: an ultrasound endo-
scope 2, which serves as an ultrasound probe including
a capacitive micromachined ultrasound transducer (C-
MUT 16); an observation apparatus 3, which serves as
an ultrasound observation apparatus to which the ultra-
sound probe is detachably connected, the ultrasound ob-
servation apparatus including the transmission circuit 31
that generates an ultrasound transmission signal for
sending ultrasound out from the capacitive microma-
chined ultrasound transducer and a reception circuit 32
that performs signal processing on an ultrasound recep-
tion signal generated as a result of ultrasound being re-
ceived by the capacitive ultrasound micromachined
transducer; the transmission ultrasound transducer 17
and the reception ultrasound transducer 18 included in
the capacitive ultrasound micromachined transducer, the
transmission ultrasound transducer 17 including the plu-
rality of transmission capacitive cells 17a to 17d that each
send ultrasound out, the reception ultrasound transducer
18 including the plurality of reception capacitive cells 18a
to 18d that each receive reflected ultrasound of the sent-
out ultrasound and output an ultrasound reception signal;
the transmission signal cables 23a and 23b connecting
the transmission ultrasound transducer 17 and the trans-
mission circuit 31 in the ultrasound observation appara-
tus; the reception signal cables 26a and 26b  connecting
the reception ultrasound transducer 18 and the reception
circuit 32 in the ultrasound observation apparatus; the
transmission matching element 22 and the reception
matching element 25, which serve as a first matching
section and a second matching section that perform elec-
trical impedance matching for the ultrasound transmis-
sion signal conveyed by the transmission signal cables
23a and 23b and the ultrasound reception signal con-
veyed by the reception signal cables 26a and 26b, re-
spectively.
[0055] Next, an operation of the present embodiment
will be described.
[0056] As illustrated in Fig. 1, the ultrasound endo-
scope 2 is connected to the observation apparatus 3 and
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the endoscope processor 5, and the insertion portion 11
is inserted into a body cavity of a patient to start an ul-
trasound examination of a part such as a diseased part
while an endoscopic image provided by the image pickup
device 43 is observed.
[0057] In a first transmission period, the control circuit
36 controls operation of the rotation driving section 21
and also controls operation of the transmission circuit 31,
the reception circuit 32, the switch 34 and the DC bias
generation circuit 35.
[0058] The transmission circuit 31 generates a pulsed
ultrasound transmission signal, the ultrasound transmis-
sion signal is superimposed on a DC bias voltage gen-
erated in the DC bias generation circuit 35, and the trans-
mission signal cables 23b and 23a convey the ultrasound
transmission signal superimposed on the DC bias volt-
age to the respective distal ends.
[0059] The ultrasound transmission signal superim-
posed on the DC bias voltage passes through the trans-
mission matching element 22 and is applied to the trans-
mission capacitive cells 17a to 17d included in the trans-
mission ultrasound transducer 17.
[0060] In this case, impedance matching between the
end portion of the transmission signal cable 23a and the
parallelly-connected transmission capacitive cells 17a to
17d included in the transmission ultrasound transducer
17 is performed by the transmission matching element
22.
[0061] Therefore, the ultrasound transmission signal,
which is in a nearly ideal state, is applied to the (parallelly-
connected) four transmission capacitive cells 17a to 17d
without the ultrasound transmission signal being reflect-
ed because of an impedance mismatch, or signal wave-
form distortion caused as a result of the reflected ultra-
sound transmission signal being superimposed on the
original ultrasound transmission signal. Thus, a decrease
in S/N ratio due to signal waveform distortion and occur-
rence of a decrease in signal level due to reflection of
the ultrasound transmission signal can be reduced (or
suppressed).
[0062] The four transmission capacitive cells 17a to
17d generate respective ultrasound and send the gen-
erated ultrasound out from the respective upper mem-
brane sides. An intensity of the sent-out ultrasound can
be increased by driving the plurality of (four in the specific
example) transmission capacitive cells 17a to 17d.
[0063] The sent-out ultrasound advances to the inside
of an inner wall (deep part of the inner wall) of, e.g., a
diseased part in the body cavity and is reflected by a part
where the ultrasound impedance (acoustic impedance)
changes, and returns to the transmission capacitive cells
17a to 17d side as reflected ultrasound. Note that in a
first reception period after the generation of the pulsed
ultrasound transmission signal, the control circuit 36
switches the switch 34 to apply the DC bias voltage to
the reception signal cables 26b and 26a. Then, the con-
trol circuit 36 sets the reception circuit 32 to be in an
operating state.

[0064] The reception capacitive cells 18a to 18d includ-
ed in the reception ultrasound transducer 18 are ar-
ranged adjacent to the transmission capacitive cells 17a
to 17d. Accordingly, the reflected ultrasound that has re-
turned is received by the reception capacitive cells 18a
to 18d included in the reception ultrasound transducer
18 and converted into ultrasound reception signals and
outputted from the reception capacitive cells 18a to 18d.
[0065] The ultrasound reception signals outputted
from the reception capacitive cells 18a to 18d are inputted
to the end portion of the reception signal cable 26a
through the reception matching element 25.
[0066] In this case, the impedances of the reception
capacitive cells 18a to 18d and the impedance of the end
portion of the reception signal cable 26a are matched by
the reception matching element 25, and thus, the ultra-
sound reception signals are conveyed to the reception
signal cable 26a side without signal waveform distortion
due to an impedance mismatch. Thus, a decrease in S/N
ratio and receiving sensitivity due to signal waveform dis-
tortion can be prevented.
[0067] The ultrasound reception signals conveyed to
the reception signal cable 26a are inputted to the recep-
tion circuit 32 via the reception signal cable 26b.
[0068] The reception circuit 32 performs image
processing on the inputted ultrasound signals and stores
the resulting image in a memory as first sound-ray data.
Upon an end of the first reception period, a second trans-
mission period starts and the switch 34 is switched.
[0069] Since the C-MUT 16 is rotated by the rotation
driving section 21, a direction in which ultrasound is trans-
mitted/received by the C-MUT 16 is slightly different from
that in the first transmission period. The operation in the
second transmission period is the same as that in the
first transmission period except the difference in ultra-
sound transmission direction.
[0070] Subsequent to the second transmission period,
a second reception period starts, and in this case, also,
the operation is the same as that in the first reception
period except a difference in ultrasound reception direc-
tion. Accordingly, in this case, second sound-ray data is
stored in the memory.
[0071] Consequently, an operation similar to the above
is repeated until the n-th transmission period and the n-
th reception period, an ultrasound tomographic image as
an ultrasound image is generated from n pieces of sound-
ray data corresponding to radial scanning and outputted
to the first monitor 4. On the display surface of the first
monitor 4, an ultrasound tomographic image with reflec-
tion of the ultrasound transmission signals and the ultra-
sound reception signals reduced and signal waveform
distortion reduced and thus with a high receiving sensi-
tivity and a good S/N ratio is displayed.
[0072] As described above, the present embodiment
includes matching means (or a  matching section) that
performs electrical impedance matching for each of an
ultrasound transmission signal at the time of ultrasound
transmission and an ultrasound reception signal at the

11 12 



EP 2 679 167 A1

8

5

10

15

20

25

30

35

40

45

50

55

time of ultrasound reception. Also, for ultrasound trans-
mission and ultrasound reception, the dedicated trans-
mission ultrasound transducer 17 and the dedicated re-
ception ultrasound transducer 18 are provided, respec-
tively.
[0073] Accordingly, the present embodiment enables
prevention of occurrence of, e.g., a decrease in receiving
sensitivity due to an impedance mismatch at the time of
any of ultrasound transmission and ultrasound reception,
and thus enables obtainment of an ultrasound image with
a good receiving sensitivity and a good S/N ratio. For a
more detailed description, the present embodiment en-
ables reduction in signal waveform distortion due to ul-
trasound transmission signal reflection caused by an im-
pedance mismatch, prevention of a decrease in intensity
of ultrasound due to reflection and reduction in signal
waveform distortion due to reflection caused by an im-
pedance mismatch when an ultrasound reception signal
generated by the reception ultrasound transducer 18 is
conveyed to the reception circuit 32 via the reception
signal cables 26a and 26b, as well as prevention of a
decrease in intensity of the signal and thus obtainment
of an ultrasound image with a good S/N ratio. Further-
more, the present embodiment enables obtainment of an
ultrasound image with a good S/N ratio, and thus, makes
a surgeon that performs diagnosis by observing an ultra-
sound image easily perform proper diagnosis.
[0074] Since the transmission ultrasound transducer
17 and the reception ultrasound transducer 18, which are
dedicated to ultrasound transmission and ultrasound re-
ception, respectively, are used, ultrasound transmission
and ultrasound reception with more proper characteris-
tics can be performed and impedance matching can also
be performed more properly, compared to a case where
a transducer that performs both transmission and recep-
tion is used. Thus, the present embodiment enables ul-
trasound transmission and ultrasound reception to be
performed in a nearly ideal state compared to the related
art.
[0075] Fig. 4 illustrates a configuration of a circuit sys-
tem that transmits and receives ultrasound according to
a modification of the present embodiment. The above
first embodiment has been described in terms of a case
where the difference in impedance value between the
output end of the transmission circuit 31 and the input
end of the transmission signal cable 23b is small and the
difference in impedance value between the output end
of the reception signal cable 26b and the input end of the
reception circuit 32 is small.
[0076] If these impedance value differences are not
small, as illustrated in Fig. 4, a configuration in which a
second transmission signal matching element 61 is ar-
ranged between an output end of a transmission circuit
31 and an input end of a transmission signal cable 23b,
a second reception signal matching element 62 is ar-
ranged between an output end of a reception signal cable
26b and an input end of a reception circuit 32 may be
employed. In this case, the second transmission signal

matching element 61 and the second reception signal
matching element 62 may be provided, for example, in-
side the ultrasound connector 7 illustrated in Fig. 1. In
the case of the configuration illustrated in Fig. 4, first
matching means or a first matching section for transmis-
sion signals includes a transmission signal matching el-
ement 22 and the second transmission signal matching
element 61, and second matching means or a second
matching section for reception signals includes a recep-
tion signal matching element 25 and the second recep-
tion signal matching element 62.
[0077] Note that in Fig. 4, the plurality of transmission
capacitive cells 17a to 17d and the plurality of reception
capacitive cells 18a to 18d illustrated in, e.g., Fig. 2 are
indicated in a simplified manner by one transmission ul-
trasound transducer 17 and one reception ultrasound
transducer 18. Also, in Fig. 4, illustration of a control cir-
cuit 36 is omitted.
[0078] The second transmission signal matching ele-
ment 61 and the second reception signal matching ele-
ment 62 may be configured using a transmission match-
ing element 22 and a reception matching element 25,
such as illustrated in Fig. 3, each using coils and a ca-
pacitor, may be configured using capacitors, or may be
configured using other known elements.
[0079] As illustrated in Fig. 4, further provision of the
second transmission signal matching element 61 and the
second reception signal matching element 62 enables
reduction in, e.g., signal waveform distortion (due to an
impedance mismatch) where an ultrasound transmission
signal is conveyed (outputted) from the transmission cir-
cuit 31 to the transmission signal cable 23 side and re-
duction in, e.g., signal waveform distortion (due to im-
pedance matching) where an ultrasound reception signal
is inputted from the reception signal cable 26 to the re-
ception circuit 32.
[0080] Accordingly, an ultrasound image with a further
enhanced receiving sensitivity and S/N ratio in addition
to the effects of the first embodiment can be obtained.

(Second Embodiment)

[0081] Fig. 5 illustrates a schematic configuration of an
ultrasound diagnostic apparatus 1B according to a sec-
ond embodiment of the present invention. The ultrasound
diagnostic apparatus 1B includes an ultrasound probe
71, an observation apparatus 3 and a first monitor 4.
[0082] Although in Fig. 1, the ultrasound endoscope 2
is provided, in the present embodiment, the ultrasound
probe 71 is used instead of the ultrasound endoscope 2.
The ultrasound probe 71 has a structure without the en-
doscope function (the LED 41, the objective lens 42 and
the image pickup device 43) in the ultrasound endoscope
2 in Fig. 1. Note that in Fig. 5, illustration of, e.g., a rotation
driving section 21 is omitted.
[0083] In the first embodiment described above, im-
pedance matching is performed in common for the four
transmission capacitive cells 17a to 17d in the transmis-
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sion cell region Rs by one transmission matching element
22 and impedance matching is performed in common for
the reception capacitive cells 18a to 18d in the reception
cell region Rr by one reception matching element 25.
[0084] On the other hand, in the present embodiment,
impedance matching is performed in units of transmis-
sion capacitive cells 17i (that is, for respective transmis-
sion capacitive cells 17i) in a transmission cell region Rs
by respective transmission matching elements 22i, and
impedance matching is performed in units  of reception
capacitive cells 18i in a reception cell region Rr by re-
spective reception matching elements 25i.
[0085] For example, a transmission capacitive cell 17a
(an upper electrode 37u and a lower electrode 37d of the
transmission capacitive cell 17a) in the transmission cell
region Rs, for which impedance matching is performed
by a transmission matching element 22a provided in the
vicinity of or near the transmission capacitive cell 17a, is
connected to a center conductor and an outer conductor
at an end portion of a coaxial cable included in a trans-
mission signal cable 23a. The same applies to the other
transmission capacitive cells 17b-17d.
[0086] Also, for example, a reception capacitive cell
18a (an upper electrode 37u and a lower electrode 37d
of the reception capacitive cell 18a) in the reception cell
region Rr, for which impedance matching is performed
by a reception matching element 25a arranged near the
reception capacitive cell 18a, is connected to a center
conductor and an outer conductor at an end portion of a
coaxial cable included in a reception signal cable 26a.
The same applies to the other reception capacitive cells
18b-18d.
[0087] Note that the transmission matching elements
22i and the reception matching elements 25i may be each
configured using, for example, the coils and the capacitor
illustrated in Fig. 3, may be configured using capacitors,
or may be configured using other known elements.
[0088] The configuration of the observation apparatus
3 has been described with reference to Fig. 1 and a de-
scription thereof will be omitted.
[0089] According to the present embodiment, even if
the plurality of (four in the specific example) transmission
capacitive cells 17a to 17d in the transmission cell region
Rs vary in characteristic (for example, impedance value),
impedance matching between the transmission signal
cable 23a and the transmission capacitive cells 17a to
17d can be performed by the transmission matching el-
ements 22i according to the respective characteristics of
the transmission capacitive cells 17i.
[0090] Also, according to the present embodiment,
even if the plurality of (four in the specific example) the
reception capacitive cells 18a to 18d in the reception cell
region Rr vary in characteristic (for example, impedance
value), impedance matching  between the reception sig-
nal cable 26a and the reception capacitive cells 18a to
18d can be performed by the reception matching ele-
ments 25i according the respective characteristics of the
reception capacitive cells 18i.

[0091] Accordingly, the effect of providing a further en-
hanced receiving sensitivity and S/N ratio can be provid-
ed in addition to effects similar to those of the first em-
bodiment. Note that in the present embodiment, also, the
second transmission matching element 61 and the sec-
ond reception matching element 62 illustrated in Fig. 4
may be provided.

(Third Embodiment)

[0092] Fig. 6 illustrates a schematic configuration of an
ultrasound diagnostic apparatus 1C according to a third
embodiment of the present invention. The ultrasound di-
agnostic apparatus 1C includes an ultrasound probe
71C, an observation apparatus 3 and a first monitor 4.
[0093] Although in the ultrasound diagnostic apparatus
1B illustrated in Fig. 5, the transmission cell region Rs
and the reception cell region Rr are formed adjacent to
each other, in the present embodiment, the ultrasound
probe 71C is formed in such a manner that transmission
capacitive cells 17a and 17c and reception capacitive
cells 18b and 18d are mixed in a transmission/reception
cell region Rs/Rr, which has a same size as that of the
transmission cell region Rs or the reception cell region
Rr in the ultrasound probe 71 illustrated in Fig. 5.
[0094] Impedance matching between the transmission
capacitive cells 17a and 17c and a transmission signal
cable 23a is performed by transmission matching ele-
ments 22a and 22c, respectively, and impedance match-
ing between the reception capacitive cells 18b and 18d
and a reception signal cable 26a is performed by recep-
tion matching elements 25b and 25d, respectively.
[0095] The rest of the configuration is similar to the
configuration illustrated in Fig. 5.
[0096] According to the present embodiment, a trans-
mission region from which ultrasound is transmitted in
order to generate information for one pixel in an ultra-
sound image and a reception region in which ultrasound
is received in order to  obtain information for one pixel
are provided in a common region, enabling obtainment
of an ultrasound image with high resolution.
[0097] Also, as in the case of the second embodiment,
even if the transmission capacitive cells 17a and 17c and
the reception capacitive cells 18b and 18d in the trans-
mission/reception cell region Rs/Rr vary in impedance
value, impedance matching can be performed according
to the respective characteristics of the transmission ca-
pacitive cells 17a and 17c and the reception capacitive
cells 18b and 18d. Thus, an ultrasound image with a good
receiving sensitivity and a good S/N ratio can be ob-
tained.
[0098] Note that also in the present embodiment, the
second transmission matching element 61 and the sec-
ond reception matching element 62 illustrated in Fig. 4
may be provided.
[0099] Although the above embodiment has been de-
scribed in terms of an ultrasound diagnostic apparatus
that makes a C-MUT 16 perform mechanical scanning,
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the present invention can be applied to an ultrasound
diagnostic apparatus that makes a C-MUT perform elec-
tronic scanning.
[0100] Fig. 7 illustrates a configuration of an ultrasound
diagnostic apparatus 1D according to a second modifi-
cation of the first embodiment, which makes a C-MUT
16 perform electronic scanning instead of the ultrasound
diagnostic apparatus 1 that makes the C-MUT 16 perform
mechanical scanning in Fig. 1. The ultrasound diagnostic
apparatus 1D includes an endoscope 2D instead of the
endoscope 2 in the ultrasound diagnostic apparatus 1 in
Fig. 1. In the endoscope 2D, a transmission ultrasound
transducer 17 and a reception ultrasound transducer 18
included in a C-MUT 16 are provided adjacent to each
other along an outer circumferential face of a distal end
portion 15. The transmission ultrasound transducer 17
and the reception ultrasound transducer 18 include an
ultrasound transducer array in which n transmission ca-
pacitive cells 17a to 17n and n reception capacitive cells
18a to 18n are arranged along respective (circular) lines.
Note that annular regions in which the transmission ca-
pacitive cells 17a to 17n and the reception capacitive
cells 18a to 18n are arranged, respectively, provide a
transmission cell region and a reception cell  region cor-
responding to an entire ultrasound scanning region. In
the present modification, as described later, a transmis-
sion cell region Rs1 and a reception cell region Rr1 move
(shift) according to the ultrasound scanning direction that
changes temporally. Thus, along with movement of the
transmission cell region Rs1 and the reception cell region
Rr1, transmission capacitive cells 17k and reception ca-
pacitive cells 18k move.
[0101] Transmission capacitive cells 17j (j = a, b, c, ...
n) are connected n terminals of a first multiplexer 81A
arranged in, for example, the distal end portion 15, and
a decoder 84A, to which clocks (mode signal), which are
selection control signals (synchronized with the above-
described transmission periods) conveyed via a cable 80
from a control circuit 36, are applied, is provided in the
vicinity of the first multiplexer 81A. The decoder 84A gen-
erates selection signals from a clock applied (inputted)
thereto and outputs the generated selection signals to
the first multiplexer 81A, and the first multiplexer 81A
sequentially selects a plurality of (for example, three)
transmission capacitive cells based on the selection sig-
nals. An ultrasound transmission signal with a DC bias
voltage superimposed thereon is applied from a trans-
mission circuit 31 to the selected three transmission ca-
pacitive cells 17k (k = a, b, c; b, c, d; c, d, e; ...) via a
transmission signal cable 23. As described above, upon
an input of a selection control signal, the decoder 84A
generates selection signals for selecting a plurality of
(three in the specific example) transmission capacitive
cells 17k used for ultrasound transmission, for the first
multiplexer 81A.
[0102] The transmission signal cable 23 conveys an
ultrasound transmission signal and a DC bias voltage
from an observation apparatus 3 to which an ultrasound

connector 7 is connected, to apply the ultrasound trans-
mission signal and the DC bias voltage to three trans-
mission capacitive cells 17k selected by the first multi-
plexer 81A through a transmission matching element 82,
which provides matching means (or a matching section),
arranged in the vicinity of the first multiplexer 81 A and
the transmission ultrasound transducer 17 in the distal
end portion 15.
[0103] Note that the first multiplexer 81A sequentially
selects three transmission capacitive cells 17k according
to the alignment order in such a manner that the first
multiplexer 81A selects the transmission capacitive cells
17a, 17b and 17c in a period in which a first clock of the
selection control signal, the first clock being synchronized
with a first transmission period, is at an H level, based
on selection signals from the decoder 84A, selects the
transmission capacitive cells 17b, 17c and 17d in a period
in which a second clock is at an H level, and selects the
transmission capacitive cells 17c, 17d and 17e in a period
in which a third clock is at an H level. Fig. 8 is a timing
chart for description of operation of clocks, which serve
as a selection control signal applied (inputted) to the de-
coder 84A, and selection signals outputted from the de-
coder 84A. First, second, ... clocks (abbreviated as the
first CLK, the second CLK, ...), which serve as a selection
control signal, are outputted in synchronization with first,
second, ... transmission periods (Ts1, Ts2, ...). The de-
coder 84A generates three cell selection signals 85a, 85b
and 85c, which serve as selection signals, from such
clocks and outputs the cell selection signals 85a, 85b
and 85c to three selection control terminals that control
selection made by the first multiplexer 81A. Note that the
decoder 84A (as well as the later-described decoder 84B)
is configured using, e.g., a ring counter that counts clocks
and an adder circuit that adds up the clocks, which are
not illustrated. In Fig. 8, clocks, which serve as a selection
control signal whose H level and L level periods are syn-
chronized with transmission periods and reception peri-
ods, respectively, are generated by not-illustrated refer-
ence clocks.
[0104] Upon an input of a first clock, which serves as
a selection control signal synchronized with a first trans-
mission period Ts1, which is a first transmission period,
the decoder 84A counts a rising edge of the first clock,
and outputs a cell selection signal 85a with only one H
level bit as an output value (count value) from a first output
end, outputs a cell selection signal 85b with two H level
bits (one bit added to one bit from the first output end)
as an output value from a second output end, and outputs
a cell selection signal 85c with three H level bits (one bit
added to two bits from the second output end) as an
output value from a third output end, to the selection con-
trol terminals of the first multiplexer 81A. The first multi-
plexer 81 A is set so as to select three transmission ca-
pacitive cells 17k according to the bit  counts, which are
the output values of the cell selection signals 85a, 85b
and 85c outputted by the decoder 84A. The first multi-
plexer 81A is set so as to select, for example, if a bit count
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Ba of the cell selection signal 85a (or 85b or 85c) is Ba
= 1 bit, select the transmission capacitive cell 17a, if Ba
= 2 bits, select the transmission capacitive cell 17b, ...,
and if Ba = n bits, select the transmission capacitive cell
17n, respectively. The reference numeral n indicates the
number of transmission capacitive cells as described
above.
[0105] Also, the first multiplexer 81A is configured so
as to, if the bit count Ba reaches Ba = n, the decoder 84A
resets the bit count Ba to zero immediately before an
input of a next (n+1)-th clock, and upon an input of the
(n+1)-th clock, output a one-bit cell selection signal 85a.
Accordingly, if the bit counts of the cell selection signals
85a, 85b and 85c are one bit, two bits and three bits,
respectively, the first multiplexer 81A selects the trans-
mission capacitive cells 17a, 17b and 17c, which is a first,
a second and a third in the alignment order.
[0106] Also, upon an input of a second clock as a se-
lection control signal synchronized with a second trans-
mission period Ts2, the decoder 84A outputs a cell se-
lection signal 85a with two H level bits (one bit added to
the previous one bit) as an output value from the first
output end, outputs a cell selection signal 85b with three
H level bits (one bit added to two bits from the first output
end) as an output value from the second output end, and
outputs a cell selection signal 85c with four H level bits
(one bit added to three bits from the second output end)
as an output value from the third output end, to the first
multiplexer 81 A. Accordingly, in this case, the first mul-
tiplexer 81 A selects the transmission capacitive cells
17b, 17c and 17d in the second, the third and a fourth in
the alignment order. As described above, three transmis-
sion capacitive cells 17k are sequentially selected ac-
cording to the alignment order. Then, the selected three
transmission capacitive cells 17k radially transmit ultra-
sound to make the ultrasound (beams) scan radially. In
the present modification, the transmission cell region Rs1
for forming ultrasound beams for one pixel includes three
transmission capacitive cells 17k, and the transmission
cell region Rs1 moves according to a direction (or a nar-
row radial region) in which  ultrasound is transmitted, in
the transmission ultrasound transducer 17 (that is, the n
transmission capacitive cells 17a to 17n) included in a
transmission region for a case where ultrasound is made
to radially scan. However, the predetermined transmis-
sion cell region Rs1 is determined according to the di-
rection (or the narrow radial region) in which ultrasound
is transmitted. On the other hand, in the first embodiment,
the transmission cell region Rs remains unchanged even
if the ultrasound transmission direction changes.
[0107] The transmission matching element 82 makes
an end portion (output end) of a transmission signal cable
23 having, for example, a first characteristic impedance
value Z1 match impedances of three parallelly-connect-
ed transmission capacitive cells 17k used for ultrasound
transmission to convey (apply) an ultrasound transmis-
sion signal conveyed from the transmission signal cable
23, to the transmission capacitive cells 17k. In other

words, the transmission matching element 82 performs
impedance matching for the ultrasound transmission sig-
nal conveyed from the transmission signal cable 23 to
reduce occurrence of reflection and applies the resulting
ultrasound transmission signal to the three transmission
capacitive cells 17k included in the transmission ultra-
sound transducer 17. Note that, although in the example
illustrated in Fig. 7, impedance matching for the selected
three parallel-connected transmission capacitive cells
17k is performed by one transmission matching element
82, impedance matching may be performed for each one
selected transmission capacitive cell 17k. Also, if imped-
ance matching is performed for each one transmission
capacitive cell 17k, as illustrated in Fig. 9, the transmis-
sion signal cable 23 may include three coaxial cables.
[0108] As illustrated in Fig. 9, end portions of three co-
axial cables 23-1, 23-2 and 23-3 included in the trans-
mission signal cable 23 are connected to respective
transmission capacitive cells 17k selected by the first
multiplexer 81A, via transmission matching elements
82-1, 82-2 and 82-3 for making the respective end por-
tions match the respective transmission capacitive cells
17k. If the three coaxial cables 23-1, 23-2 and 23-3 are
employed, as indicated by the alternate long and two
short dashes lines, a configuration in which proximal end
portions of the coaxial  cables 23-1, 23-2 and 23-3 are
connected to three transmission circuits 31-1, 31-2 and
31-3 included in the transmission circuit 31, respectively,
may be employed. Illustration of capacitors 33a is omit-
ted.
[0109] Likewise, the reception capacitive cells 18j (j =
a, b, c, ..., n) are connected to, for example, n terminals
of a second multiplexer 81 B arranged inside the distal
end portion 15, and a decoder 84B to which a selection
control signal conveyed from the control circuit 36 via the
cable 80 is applied is provided in the vicinity of the second
multiplexer 81B. The decoder 84B generates selection
signals from the applied (inputted) selection control sig-
nal, and outputs the generated selection signals to the
second multiplexer 81B, and the second multiplexer 81B
selects a plurality of (for example, three) reception ca-
pacitive cells 18k from the n reception capacitive cells
according to the selection signals. The selected three
reception capacitive cells 18k receive ultrasound that has
radially scanned and generate ultrasound reception sig-
nals. As described above, upon an input of a selection
control signal, the decoder 84A generates selection sig-
nals for selecting a plurality of (three in the specific ex-
ample) reception capacitive cells 18k used for ultrasound
reception, for the second multiplexer 81B.
[0110] The ultrasound reception signals generated by
the three reception capacitive cells 18k pass through a
reception matching element 83 arranged in the vicinity
of the reception ultrasound transducer 18, the reception
matching element 83 providing matching means (or a
matching section), and are conveyed with a DC bias volt-
age superimposed thereon, via a reception signal cable
26 to a reception circuit 32.
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[0111] As described above, the reception signal cable
26 conveys the ultrasound reception signals generated
by the three transmission capacitive cells 17k selected
by the second multiplexer 81B, through the reception
matching element 83 to the reception circuit 32 inside
the observation apparatus 3.
[0112] Note that like the first multiplexer 81 A, the sec-
ond multiplexer 8 1 B sequentially selects three reception
capacitive cells 18k according to the order of alignment
of the reception capacitive cells 18j in such a manner that
the second multiplexer 81 B selects reception capacitive
cells 18a, 18b and 18c according to the  selection signals
from the decoder 84B in a first clock L level period syn-
chronized with a first reception period of the selection
control signal, selects reception capacitive cells 18b, 18c
and 18d in a second clock L level period, and selects
reception capacitive cells 18c, 18d and 18e in a third
clock L level period. Fig. 8 also illustrate timings for a
selection control signal applied (inputted) to the decoder
84B and selection signals outputted from the decoder
84B, for description of operation. The operation in this
case is similar to the description related to the decoder
84A in the above-described transmission periods as fol-
lows.
[0113] As illustrated in the Figure, first, second, ..., L
level clocks are outputted as a selection control signal in
synchronization with first, second, ... reception periods
Tr1, Tr2, .... The decoder 84B generates three cell se-
lection signals 86a, 86b and 86c, which provide selection
signals, from a falling edge of a clock such as above, and
outputs the cell selection signals 86a, 86b and 86c to
selection control terminals of the second multiplexer 81B.
[0114] Upon an input of the first clock of the selection
control signal synchronized with the first reception period
Tr1, which is a first reception period, the decoder 84B
outputs a cell selection signal 86a with only one H level
bit as an output value (count value) from a first output
end, outputs a cell selection signal 86b with two H level
bits (one bit added to one bit from the first output end)
as an output value from a second output end, and outputs
a cell selection signal 86c with three H level bits (one bit
added to two bits from the second output end) as an
output value from a third output end, to the selection con-
trol terminals of the second multiplexer 81B. The second
multiplexer 81 B is set so as to select three reception
capacitive cells 18k according to the bit counts as outputs
values of the cell selection signals 86a, 86b and 86c out-
putted by the decoder 84B. For example, the second mul-
tiplexer 81B is set so as to if the bit count Bb of the cell
selection signal 86a (or 86b or 86c) is Bb = 1 bit, selects
the reception capacitive cell 18a, if Bb = 2 bits, select the
reception capacitive cell 18b, ..., and if Bb = n bits, selects
the reception capacitive cell 18n, respectively. Here, ref-
erence numeral n indicates the number of reception ca-
pacitive cells as described above.
[0115] Also, the decoder 84B is set so as to if the bit
count Bb reaches Bb = n, reset the bit count Bb to zero
immediately before an input of a next (n+1)-th clock, and

upon an input of the (n+1)-th clock, output a cell selection
signal 86b with one bit again. Accordingly, if the cell se-
lection signals 8ba, 8bb and 8bc have one bit, two bits
and three bits, respectively, the second multiplexer 81B
selects the reception capacitive cells 18a, 18b and 18c,
which is a first, a second and a third in the alignment
order.
[0116] Also, upon an input of a second clock as a se-
lection control signal synchronized with the second re-
ception period Tr2, the decoder 84B outputs a cell selec-
tion signal 86 with two H level bits (one bit added to one
bit in the previous period) as an output value from a first
output end, outputs a cell selection signal 86b with three
H level bits (one bit added to the two bits from the first
output end) as an output value from the second output
end, and outputs a cell selection signal 86c with four H
level bits (one bit added to the three bits from the second
output end) as an output value from the third output end,
to the second multiplexer 81B. Accordingly, in this case,
the second multiplexer 81 B selects the reception capac-
itive cells 18b, 18c and 18d, which is the second, the third
and a fourth in the alignment order. The second multi-
plexer 81B sequentially selects three reception capaci-
tive cells 18k according to the alignment order.
[0117] Then, the selected three reception capacitive
cells 18k receive ultrasound that has radially scanned.
In the present modification, the reception cell region Rr1
for generating ultrasound reception signals for one pixel
includes three reception capacitive cells 18k, as in the
case of the above-described transmission cell region
Rs1, moves according to a direction (or a radial narrow
region) in which ultrasound is received, within the recep-
tion ultrasound transducer 18 that provides a reception
region for ultrasound that radially scans (that is, the n
reception capacitive cells 18a to 18n). However, a pre-
determined reception cell region Rr1 is determined ac-
cording to the direction (or the narrow radial region) in
which ultrasound is received. On the other hand, in the
first embodiment, the reception cell region Rr remains
unchanged even if the direction in which ultrasound
changes.
[0118] The reception matching element 83 makes im-
pedances of three reception capacitive cells 18k that out-
put ultrasound reception signals match an end portion
(entrance end) of the reception signal cable 26 having a
second characteristic impedance value Z2 to convey the
ultrasound reception signals outputted by the three re-
ception capacitive cells 18k via the reception signal cable
26.
[0119] In other words, the reception matching element
83 performs impedance matching for the ultrasound re-
ception signals outputted from the three reception capac-
itive cells 18k to reduce occurrence of reflection and con-
veys the resulting ultrasound reception signals to the re-
ception signal cable 26 side. Note that, although in the
exampled illustrated in Fig. 7, the impedances of the se-
lected parallelly-connected three reception capacitive
cells 18k are matched with the reception signal cable 26
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by one reception matching element 83, impedance
matching may be performed for each one selected re-
ception capacitive cell 18k. Also, if impedance matching
is performed for each one reception capacitive cell 18k,
as illustrated in Fig. 9, the reception signal cable 26 may
include three coaxial cables.
[0120] As illustrated in Fig. 9, end portions of three co-
axial cables 26-1, 26-2 and 26-3 included in the reception
signal cable 26 are connected to the respective reception
capacitive cells 18k selected by the second multiplexer
81, via reception matching elements 83-1, 83-2 and 83-3,
respectively. If the three coaxial cables 26-1, 26-2 and
26-3 are employed, as indicated by the alternate long
and two short dashes lines, a configuration in which prox-
imal end portions of the three coaxial cables 26-1, 26-2
and 26-3 are connected to three reception circuits 32-1,
32-2 and 32-3 each provided by a reception circuit 32
may be employed. Illustration of capacitors 33b is omit-
ted.
[0121] Note that in Figs. 7 and 9, the transmission ca-
pacitive cells 17k (k = a, b, c) and the reception capacitive
cells 18k first selected according to the selection signals
are indicated as the transmission cell region Rs1 and the
reception cell region Rr1. As described above, the trans-
mission cell region Rs1 and the reception cell region Rr1
for generating one pixel sequentially move according to
the selection signals. Then, with obtainment of an ultra-
sound image for one frame as a cycle, an operation  sim-
ilar to the above is repeated. The rest of the configuration
is similar to that of the above-described first embodiment,
and a description thereof will be omitted.
[0122] Note that an ultrasound tomographic image for
one pixel is generated from ultrasound reception signals
in a j-th transmission/reception period Tj including a j-th
transmission period Tsj and a j-th reception period Trj as
described above. Here, j = 1,2,...n.
[0123] In the present modification, the operation is ba-
sically similar to the operation in the first embodiment
except that an operation in which mechanical ultrasound
scanning is performed in the first embodiment is changed
to an operation in which electrical ultrasound scanning
is performed. In the present modification, also, if an ul-
trasound transmission signal superimposed on a DC bias
voltage is conveyed from the transmission circuit 31 to
three transmission capacitive cells 17a, 17b and 17c via
the transmission signal cable 23 in the first transmission
period Ts1, the ultrasound transmission signal is applied
to the transmission capacitive cells 17a, 17b and 17c
included in the transmission ultrasound transducer 17
through the transmission matching element 82 provided
at the end portion of the transmission signal cable 23.
[0124] In this case, as illustrated in Fig. 7, impedance
matching between the end portion of the transmission
signal cable 23 and the (parallelly-connected) three
transmission capacitive cells 17a, 17b and 17c included
in the transmission ultrasound transducer 17 is per-
formed by the transmission matching element 82. Also,
in Fig. 9, impedance matching is performed for each of

the transmission capacitive cells 17a, 17b and 17c.
[0125] Therefore, the ultrasound transmission signal,
which is in a nearly ideal state, is applied to the (parallelly-
connected) three transmission capacitive cells 17a, 17b
and 17c without the ultrasound transmission signal being
reflected because of an impedance mismatch, or signal
waveform distortion caused as a result of the reflected
ultrasound transmission signal being superimposed on
the original ultrasound transmission signal. Thus, a de-
crease in S/N ratio due to signal waveform distortion and
occurrence of a decrease in signal level due to reflection
of the ultrasound transmission signal can be reduced (or
suppressed).
[0126] In the first reception period Tr1 following the first
transmission period Ts1, ultrasound reception signals
outputted from the reception capacitive cells 18a, 18b
and 18c are inputted to the end portion of the reception
signal cable 26 though the reception matching element
83.
[0127] In this case, the impedances of the reception
capacitive cells 18a, 18b and 18c and the impedance of
the end portion of the reception signal cable 26 are
matched by the reception matching element 83, and thus,
the ultrasound reception signals are conveyed to the re-
ception signal cable 26 side without signal waveform dis-
tortion due to an impedance mismatch. Thus, a decrease
in S/N ratio and receiving sensitivity due to signal wave-
form distortion can be prevented.
[0128] The ultrasound reception signals conveyed to
the reception signal cable 26 are inputted to the reception
circuit 32 via the reception signal cable 26.
[0129] The reception circuit 32 performs image
processing on the inputted ultrasound signals and stores
the resulting image in a memory as first sound-ray data.
Upon an end of the first reception period Tr1, a second
transmission period Ts2 starts and the switch 34 is
switched. Then, the direction in which ultrasound is trans-
mitted/received is slightly different from that in the first
transmission period Ts1. The operation in the second
transmission period Ts2 is the same as that in the first
transmission period Ts1 except the difference in ultra-
sound transmission direction. Also, the operation in the
second reception period Tr2 is the same as that in the
first reception period Tr1 except the slight difference in
ultrasound reception direction.
[0130] Accordingly, the ultrasound diagnostic appara-
tus 1D in Fig. 7 provides effects substantially similar to
those of the first embodiment illustrated in Fig. 1. Al-
though the above description has been provided in terms
of a case where three transmission capacitive cells 17k
and three reception capacitive cells 18k are selected as
an example of selection of a plurality of transmission ca-
pacitive cells 17k and a plurality of reception capacitive
cells 18k, a number of transmission capacitive cells 17k,
the number being one or a plural number other than three,
and a number of reception capacitive cells 18k, the
number being one or a plural number other than three,
may be selected. Also, although the description has been
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provided in term of radial  scanning, scanning in the
present invention is not limited to radial scanning, and
another type of scanning, for example, convex scanning
may be employed.
[0131] Also, although the present modification de-
scribed with reference to Figs. 7 to 9 has been described
in terms of a case where electronic scanning is employed
in the first embodiment in Fig. 1, the present modification
can be applied to any of the other embodiments and the
like.
[0132] Also, mechanical scanning in the first embodi-
ment may be performed as the follows. In the case of
mechanical scanning in the first embodiment, as the mo-
tor in the rotation driving section 21, a stepping motor
21a (indicated by the dotted lines in Fig. 1) that rotates
a step-like manner each time a transmission period Tsj
for one pixel using the four transmission capacitive cells
17a to 17d and a reception period Trj for one pixel using
the four reception capacitive cells 18a to 18d have
passed may be used. Fig. 10 illustrates ultrasound trans-
mission/reception periods Tj for one pixel each including
a transmission period Tsj for one pixel and a reception
period Trj for one pixel and timings of changes in rotation
angle θj of the stepping motor 21a. Note that each of the
ultrasound transmission/reception periods Tj for one pix-
el corresponds to a period in which one pixel is generated
in a period in which an ultrasound tomographic image for
one frame is generated.
[0133] As illustrated in Fig. 10, in a same ultrasound
transmission/reception period Tj for one pixel, the rota-
tion angle θj of the stepping motor 21 a does not change,
and thus, reflected signals for one pixel, which result from
ultrasound from the four transmission capacitive cells
17a to 17d being reflected, can efficiently be received by
the four reception capacitive cells 18a to 18d arranged
adjacent to the transmission capacitive cells 17a to 17d.
In other words, the effect of providing a large S/N ratio
at the time of reception can be provided. Note that in Fig.
10, the transmission capacitive cells and the reception
capacitive cells are abbreviated as transmission cells and
reception cells, respectively. The transmission capacitive
cells 17a to 17d and the reception capacitive cells 18a
to 18d operate in transmission periods Tsj and reception
periods Trj, which are indicated as being of an H level,
respectively.
[0134] Also, a DC bias voltage provided by the DC bias
generation circuit 35 is alternately switched between the
transmission periods Tsj and the reception periods Trj.
In Fig. 10, symbol a indicates a period in which a DC bias
voltage is applied to the transmission capacitive cells 17a
to 17d and symbol b indicates a period in which the DC
bias voltage is applied to the reception capacitive cells
18a to 18d. Also, for example, a configuration in which,
as indicated by the dotted lines, capacity-variable capac-
itors 53a and 56a each including, e.g., a trimmer capac-
itor whose capacity can be varied are connected in par-
allel to the capacitors 53 and 54 illustrated in Fig. 3, en-
abling adjustment of impedances of the transmission

matching element 22 and the reception matching ele-
ment 25, may be employed. In other words, a first match-
ing section that performs matching for a transmission sig-
nal may include a first element having a predetermined
impedance value and a second element having a variable
impedance value, and a second matching section that
performs matching for reception signals may include a
third element having a predetermined impedance value
and a fourth element having a variable impedance value.
[0135] With such configuration, even if the impedances
of the transmission capacitive cells 17a to 17d and the
reception capacitive cells 18a to 18d change over time,
the impedances of the transmission matching element
22 and the reception matching element 25 can easily be
adjusted by making the trimmer capacitors each have a
variable capacitance so that impedance matching can
be maintained.
[0136] If the impedances of the transmission capaci-
tive cells 17a to 17d and the reception capacitive cells
18a to 18d change over time, a mismatch occurs when
a transmission signal is conveyed from the transmission
signal cable 23a to the transmission capacitive cells 17a
to 17d or if reception signals are conveyed from the re-
ception capacitive cells 18a to 18d to the reception signal
cable 26a; however, making the capacitances of the trim-
mer capacitors variable facilitates easy matching.
[0137] Also, for example, if there are individual differ-
ences in impedance (capacity) among the transmission
capacitive cells 17a to 17d and the reception capacitive
cells 18a to 18d used in a product, the differences among
the respective products can be absorbed using the com-
mon transmission matching element 22 and the common
reception matching element 25, by means of adjustment
at the trimmer capacitor parts. Note that the elements
each having a variable capacitance using trimmer capac-
itors, which are illustrated in Fig. 3, may be employed in
any of the embodiments other than the embodiment in
Fig. 3. For example, the transmission matching element
22 having a trimmer capacitor can be employed in Fig.
4, and also can be employed in each of the transmission
matching elements 22a to 22d in Fig. 5, the transmission
matching elements 22a and 22c in Fig. 6, the transmis-
sion matching element 82 in Fig. 7 and the transmission
matching elements 82-1 to 82-3 in Fig. 9, and can also
be employed in the second transmission matching ele-
ment 61 in Fig. 4.
[0138] Also, for example, the reception matching ele-
ment 25 including a trimmer capacitor can be employed
in Fig. 4, can also be employed for each of the reception
matching elements 25a to 25d in Fig. 5, the reception
matching elements 25b and 25d in Fig. 6, the reception
matching element 83 in Fig. 7 and the reception matching
elements 83-1 to 83-3 in Fig. 9, and can also be employed
for the second reception matching element 62 in Fig. 4.
[0139] Also, for example, in a matched state in which
the transmission ultrasound transducer 17 and the re-
ception ultrasound transducer 18 illustrated in Fig. 4 are
matched with the transmission signal cable 23a and the

25 26 



EP 2 679 167 A1

15

5

10

15

20

25

30

35

40

45

50

55

reception signal cable 26a by the transmission matching
element 22 and the reception matching element 25, re-
spectively, a reference waveform obtained in advance
by ultrasound being transmitted/received to/from a ref-
erence ultrasound target object and a threshold wave-
form that is a tolerance limit of deviation from the refer-
ence waveform, the threshold waveform being obtained
by providing a mismatch state by means of, e.g., chang-
ing a capacitance value of a trimmer capacitor in a
matched state, may be obtained in advance and stored
in a storage section such as a non-volatile memory. Then,
it is possible that after use of the ultrasound endoscope
2 over an arbitrary period of time, using the aforemen-
tioned reference ultrasound target object, ultrasound is
transmitted/received to/from the reference ultrasound
target object to determine whether or not the resulting
waveform is one in a tolerable range by comparing the
waveform with the reference waveform or the threshold
waveform  stored in the storage section, enabling deter-
mination of whether or not the matched state is main-
tained and whether or not the ultrasound endoscope 2
departs from the tolerable control state range because
of, e.g., secular change.
[0140] Note that for the reference ultrasound target ob-
ject, for example, an object that reflects ultrasound only
at (one or more) position(s) with a certain distance from
the transmission capacitive cells 17a to 17d and the re-
ception capacitive cells 18a to 18d, and does not reflect
the ultrasound at the positions with other distances from
the same is provided. In a mismatch state, a signal level
of a signal from the position(s) with the certain distance
decreases, the signal levels of signals from the positions
with the other distances increase because of the mis-
match, and thus, whether or not a matched state is main-
tained can be determined by, e.g., waveform comparison
or signal level comparison.
[0141] Thus, in the observation apparatus 3 in Fig. 1,
the storage section 40 (indicated by the dotted lines) that
stores a reference waveform and a threshold waveform
measured for a reference ultrasound target object in a
matched state using the ultrasound endoscope 2 or sig-
nal level(s) at position(s) with representative distance(s)
for the reference waveform or the threshold waveform,
in association with the ultrasound endoscope 2 used for
the measurement may be provided.
[0142] Then, when a measured waveform measured
using the reference ultrasound target object is displayed
on the first monitor 4, the control circuit 36 performs con-
trol to display, e.g., the reference waveform stored in the
storage section 40 in such a manner that the measured
waveform can be compared with the reference waveform
or the measured waveform and the reference waveform
are displayed in an overlapped manner with difference
display colors on the first monitor 4.
[0143] A user can easily determine whether or not a
matched state is maintained, from the measured wave-
form and the reference waveform or the like displayed
on the first monitor 4. Also, the control circuit 36 may

have a function of a determination section 36a (indicated
by the dotted lines) that determines whether the meas-
ured waveform falls within a tolerable matched state
range within the threshold waveform or the measured
waveform indicates a mismatch state departing from the
threshold waveform, by comparing the measured wave-
form and the reference waveform or the like.
[0144] In other words, the following configurations may
be added. The storage section 40 that stores in advance
information on a reference signal level and a threshold
signal level for at least a representative distance for a
reference waveform of an ultrasound reception signal ob-
tained for a reference ultrasound target object that is a
reference, with the first matching section and the second
matching section set to provide a matched state, and a
threshold waveform obtained when a mismatch that the
reference waveform is shifted from the matched state to
a tolerance limit is provided, and the determination sec-
tion 36a that determines whether or not the first matching
section and the second matching section each provide
a matched state by comparison between a signal level
of an ultrasound reception signal obtained when ultra-
sound is transmitted/received to/from the reference ul-
trasound target object and the reference signal level and
the threshold signal level read from the storage section
may be provided. Note that the determination section 36a
may include, e.g., a comparison circuit provided outside
the control circuit 36.
[0145] Also, only one of the information on the refer-
ence waveform and the information on the threshold
waveform may be stored in the storage section 40.
[0146] Also, instead of provision of the storage section
40 in the observation apparatus 3, an identification infor-
mation storage section that stores identification informa-
tion unique to the ultrasound endoscope 2 may be pro-
vided inside the connector 7 of the ultrasound endoscope
2 in Fig. 1 to store the information to be stored in the
storage section 40, in the identification information stor-
age section. Then, for example, the control circuit 36 may
perform control as in the case of the storage section 40.
Also, although the configuration provided with, e.g., the
storage section 40 is illustrated in the ultrasound diag-
nostic apparatus 1 in Fig. 1, the storage section 40 may
be provided in any of Figs. 2, 4, 5, 6 and 7.
[0147] Also, embodiments configured by partially com-
bining the above-described embodiments and the like
also belong to the present invention. For example, an
embodiment with positions of the matching sections
changed also belongs to the present invention.
[0148] Also, in the present invention, not all the com-
ponents disclosed in the present description are compo-
nents necessary for the present invention, and the com-
ponents of the present invention described in claim 1 may
be considered as minimum necessary components for
the present invention. Furthermore, a configuration in
which one or more components in the description or any
of the claims other than claim 1 are arbitrarily or selec-
tively added to the minimum necessary components may
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be employed.
[0149] The present application is filed claiming the pri-
ority of Japanese Patent Application No. 2012-019998
filed in Japan on February 1, 2012, and the above de-
scribed disclosure is incorporated by reference in the
present description and claims.

Claims

1. An ultrasound diagnostic apparatus comprising:

an ultrasound probe including a capacitive mi-
cromachined ultrasound transducer;
an ultrasound observation apparatus to which
the ultrasound probe is detachably connected,
the ultrasound observation apparatus including
a transmission circuit that generates an ultra-
sound transmission signal for sending ultra-
sound out from the capacitive micromachined
ultrasound transducer, and a reception circuit
that performs signal processing on an ultra-
sound reception signal generated as a result of
ultrasound being received by the capacitive mi-
cromachined ultrasound transducer;
a transmission ultrasound transducer and a re-
ception ultrasound transducer included in the
capacitive micromachined ultrasound transduc-
er, the transmission ultrasound transducer in-
cluding a plurality of transmission capacitive
cells that each send ultrasound out, and the re-
ception ultrasound transducer including a plu-
rality of reception capacitive cells that each re-
ceive reflected ultrasound of the sent-out ultra-
sound and output an ultrasound reception sig-
nal;
a transmission signal cable connecting the
transmission ultrasound transducer and the
transmission circuit in the ultrasound observa-
tion apparatus;
a reception signal cable connecting the recep-
tion ultrasound transducer and the reception cir-
cuit in the ultrasound observation apparatus;
and
a first matching section and a second matching
section that perform electrical impedance
matching for the ultrasound transmission signal
conveyed via the transmission signal cable and
the ultrasound reception signal conveyed via the
reception signal cable, respectively.

2. The ultrasound diagnostic apparatus according to
claim 1, wherein the second matching section is pro-
vided near an output-side end portion of the recep-
tion signal cable and an input end of the reception
circuit in the ultrasound observation apparatus.

3. The ultrasound diagnostic apparatus according to

claim 1, wherein the first matching section is provid-
ed near an input-side end portion of the transmission
signal cable and an output end of the transmission
circuit in the ultrasound observation apparatus.

4. The ultrasound diagnostic apparatus according to
claim 2, wherein the first matching section is provid-
ed near an input-side end portion of the transmission
signal cable and an output end of the transmission
circuit in the ultrasound observation apparatus.

5. The ultrasound diagnostic apparatus according to
claim 1, wherein the second matching section is pro-
vided near the reception ultrasound transducer and
an input-side end portion of the reception signal ca-
ble.

6. The ultrasound diagnostic apparatus according to
claim 1, wherein the first matching section is provid-
ed near the transmission ultrasound transducer and
an output-side end portion of the transmission signal
cable.

7. The ultrasound diagnostic apparatus according to
claim 6, wherein the second matching section is pro-
vided near the reception ultrasound transducer and
an input-side end portion of the reception signal ca-
ble.

8. The ultrasound diagnostic apparatus according to
claim 1, wherein the first matching section comprises
a third matching section that is provided near the
transmission ultrasound transducer and an output-
side end portion of the transmission signal cable,
and a fourth matching section that is provided near
an input-side end portion of the transmission signal
cable and an output end of the transmission circuit.

9. The ultrasound diagnostic apparatus according to
claim 1, wherein the second matching section com-
prises a fifth matching section that is provided near
the reception ultrasound transducer and an input-
side end portion of the reception signal cable and a
sixth matching section that is provided near an out-
put-side end portion of the reception signal cable and
an input end of the reception circuit.

10. The ultrasound diagnostic apparatus according to
claim 1, wherein a characteristic impedance value
of the transmission signal cable and a characteristic
impedance value of the reception signal cable are
equal to each other.

11. The ultrasound diagnostic apparatus according to
claim 1, wherein a characteristic impedance value
of the transmission signal cable and a characteristic
impedance value of the reception signal cable are
different from each other.
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12. The ultrasound diagnostic apparatus according to
claim 7,
wherein the capacitive micromachined ultrasound
transducer is configured in such a manner that the
plurality of transmission capacitive cells are ar-
ranged in a predetermined transmission region set
as a transmission region from which ultrasound for
generating an ultrasound beam for one pixel is trans-
mitted, and the plurality of reception capacitive cells
are arranged in a predetermined reception region
set as a reception region in which reflected ultra-
sound of ultrasound transmitted from the predeter-
mined transmission region is received in order to ob-
tain an ultrasound beam for one pixel, and the first
matching section and the second matching section
are provided each for the predetermined transmis-
sion region and the predetermined reception region.

13. The ultrasound diagnostic apparatus according to
claim 7,
wherein the capacitive micromachined ultrasound
transducer is configured in such a manner that the
plurality of transmission capacitive cells are ar-
ranged in a predetermined transmission region set
as a transmission region from which  ultrasound for
generating an ultrasound beam for one pixel is trans-
mitted, and the plurality of reception capacitive cells
are arranged in a predetermined reception region
set as a reception region in which reflected ultra-
sound of ultrasound transmitted from the predeter-
mined transmission region is received in order to ob-
tain an ultrasound beam for one pixel, and the first
matching section and the second matching section
are provided in a vicinity of the plurality of transmis-
sion capacitive cells and in a vicinity of the plurality
of reception capacitive cells, respectively.

14. The ultrasound diagnostic apparatus according to
claim 7, wherein the capacitive micromachined ul-
trasound transducer is configured such that the plu-
rality of transmission capacitive cells and the plurality
of reception capacitive cells are arranged to be
mixed in a predetermined region set as a region
where ultrasound for generating an ultrasound beam
for one pixel is transmitted and received, and the first
matching section and the second matching section
are provided in a vicinity of the plurality of transmis-
sion capacitive cells and a vicinity of the plurality of
reception capacitive cells, respectively.

15. The ultrasound diagnostic apparatus according to
claim 7, wherein the ultrasound probe includes a ro-
tation driving section mechanically drives rotation of
the plurality of transmission capacitive cells and the
plurality of reception capacitive cells which are at-
tached to a distal end of a rotary shaft to be adjacent
to each other in a direction orthogonal to an axial
direction of the rotary shaft, and the rotation driving

section includes a stepping motor that rotates in a
step-like manner each time a transmission period for
one pixel by the plurality of transmission capacitive
cells and a reception period for one pixel by the plu-
rality of reception capacitive cells have passed.

16. The ultrasound diagnostic apparatus according to
claim 7,
wherein the first matching section includes a first el-
ement having a predetermined impedance value and
a second element having a variable impedance val-
ue; and
wherein the second matching section includes a third
element having a predetermined impedance value
and a fourth element having a variable impedance
value.

17. The ultrasound diagnostic apparatus according to
claim 16, wherein the second element and the fourth
element each include a trimmer capacitor having a
variable capacitance value.

18. The ultrasound diagnostic apparatus according to
claim 7,
wherein the ultrasound probe includes an electronic
scanning-type capacitive micromachined ultrasound
transducer that sequentially and electrically selects
a number of transmission capacitive cells and a
number of reception capacitive cells, the number be-
ing M (< N), from the plurality of transmission capac-
itive cells and the plurality of reception capacitive
cells arranged along a circumferential direction of a
distal end portion of an elongated insertion portion,
the number of the plurality of transmission capacitive
cells and the number of the plurality of reception ca-
pacitive cells being each N, and makes the trans-
mission capacitive cells and the reception capacitive
cells operate for transmission and reception, respec-
tively;
wherein the first matching section performs electrical
impedance matching when the ultrasound transmis-
sion signal is conveyed to the M transmission capac-
itive cells from the transmission signal cable; and
wherein the second matching section performs elec-
trical impedance matching when the ultrasound re-
ception signal is conveyed from the M reception ca-
pacitive cells to the reception signal cable.

19. The ultrasound diagnostic apparatus according to
claim 18,
wherein the first matching section includes a first el-
ement having a predetermined impedance value,
and a second element having a variable impedance
value; and
wherein the second matching section includes a third
element having a predetermined impedance value
and a fourth element having a variable impedance
value.
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20. The ultrasound diagnostic apparatus according to
claim 7, further comprising:

a storage section that stores in advance infor-
mation on reference and threshold signal levels
for at least a representative distance for a refer-
ence waveform of an ultrasound reception sig-
nal obtained for a reference ultrasound target
object that is a reference, with the first matching
section and the second matching section set to
provide a matched state, and a threshold wave-
form obtained when a mismatch that the refer-
ence waveform is shifted from the matched state
to a tolerance limit is provided; and
a determination section that determines whether
or not the first matching section and the second
matching section each provide a matched state
by comparison between a signal level of an ul-
trasound reception signal obtained when ultra-
sound is transmitted/received to/from the refer-
ence ultrasound target object and the reference
and threshold signal levels read from the storage
section.
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一种超声诊断设备，包括：超声探头，包括电容微机械超声换能器;超声
波探测器，其中可拆卸地连接超声波探头，超声波观察装置包括产生超
声波发射信号的发射电路，以及接收电路;包括在电容微机械超声换能器
中的发射超声换能器和接收超声换能器，发射超声换能器包括每个发送
超声波的多个发射电容单元，并且接收超声换能器包括每个接收反射的
多个接收电容单元超声波发出超声波并输出超声波接收信号;连接发射超
声换能器和发射电路的传输信号电缆;连接接收超声换能器和接收电路的
接收信号电缆;第一匹配部分和第二匹配部分，用于对超声波发送信号和
超声波接收信号执行电阻抗匹配。
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