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(7) ABSTRACT

A control device for an ultrasonic apparatus includes: a ref-
erence value setting section that sets a reference value based
on either the reflectance of an ultrasonic wave reflected from
the interface with the air or the reflectance of an ultrasonic
wave reflected from the interface with a measurement target;
a reference period setting section that sets a reference period
ended at the earlier time than the time of receiving an ultra-
sonic wave that is transmitted from an uvltrasonic transducer
element and is reflected from the measurement target; and a
peeling detecting section that detects peeling of the ultrasonic
transducer element by comparing a reception signal, which is
output from the ultrasonic transducer element in the reference
period, with the reference value.
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ULTRASONIC APPARATUS, CONTROL
DEVICE FOR UNLTRASONIC APPARATUS,
PROBE, AND PEELING DETECTION
METHOD

CROSS REFERENCE

[0001] Theentire disclosure of Japanese Patent Application
No. 2015-048471, filed Mar. 11, 2015, is expressly incorpo-
rated by reference herein.

BACKGROUND
[0002] 1. Technical Field
[0003] The present invention relates to an ultrasonic appa-

ratus and a control device for an ultrasonic apparatus.
[0004] 2. Related Art

[0005] JP-A-2013-55978 discloses an ultrasonic trans-
ducer. Not only an ultrasonic transducer element group of a
transmission unit and an ultrasonic transducer element group
of a receiving unit but also an ultrasonic transducer element
group for peeling detection are disposed on a sensor substrate.
These ultrasonic transducer element groups are covered by an
adhesive layer. The adhesive layer is in close contact with the
body when generating an ultrasonic image. As a result, ultra-
sonic waves output from the transmission unit are transmitted
from the adhesive layer to the body without passing through
the air layer, and are reflected by organs, such as blood vessels
or internal organs, to be transmitted again from the body to the
adhesive layer.

[0006] In JP-A-2013-55978, a time from transmission to
reception of the ultrasonic wave is measured upon determi-
nation of peeling. The measured time is compared with an
adhesive layer surface reflection time measured in advance.
The adhesive layer surface reflection time corresponds to the
propagation time of the ultrasonic wave reflected from the
surface of the adhesive layer, that is, an interface with the air.
Ifthe ultrasonic transducer element is not peeled off from the
body, the ultrasonic wave is transmitted through the surface of
the adhesive layer and reaches an organ in the body. Accord-
ingly, a longer time is required until the reflected wave is
received by the ultrasonic transducer element than that in a
case in which the ultrasonic wave is reflected from the surface
of the adhesive layer. As a result, the processing time is
increased by the amount upon determination of peeling.

SUMMARY

[0007] An advantage of some aspects of the invention is to
provide a control device for an ultrasonic apparatus that can
shorten the processing time upon determination of peeling.
[0008] (1) An aspect of the invention relates to a control
device for an ultrasonic apparatus including: a reference
value setting section that sets a reference value based on either
areflectance of an ultrasonic wave reflected from an interface
with the air or a reflectance of an ultrasonic wave reflected
from an interface with a measurement target; a reference
period setting section that sets a reference period ended at an
earlier time than a time of receiving an ultrasonic wave that is
transmitted from an ultrasonic transducer element and is
reflected from the measurement target; and a peeling detect-
ing section that detects peeling of the ultrasonic transducer
element by comparing a reception signal, which is output
from the ultrasonic transducer element in the reference
period, with the reference value.
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[0009] A reference period is set upon detection of peeling.
The reception signal of the ultrasonic transducer element and
the reference value are compared with each other in the ref-
erence period. If the ultrasonic transducer element is not
peeled off from the measurement target, the ultrasonic wave
is reflected from the measurement target without passing
through the air layer. Since the reference period is ended at an
earlier time than the time of receiving a reflected wave from
the measurement target, a reception signal corresponding to
the reflected wave is not output from the ultrasonic transducer
element in the reference period. Thus, it is detected that
peeling has not occurred. When peeling occurs, the ultrasonic
wave is reflected from the interface with the air before reach-
ing the measurement target. A reception signal corresponding
to the reflected wave is output from the ultrasonic transducer
element in the reference period. The reception of a reflected
wave is specified from the reception signal in the reference
period. Accordingly, peeling is detected. Since peeling is
determined in the reference period according to the compari-
son between the reception signal and the reference value, the
processing time for determination is reduced. In addition, the
difference between the air layer and the measurement target
can be accurately detected from two conditions of the reflec-
tion time and the reflectance of the ultrasonic wave.

[0010] (2) The control device for an ultrasonic apparatus
may further include an image processing section that is con-
nected to an ultrasonic transducer element group including
the ultrasonic transducer element and that generates an image
signal based on a reception signal of the ultrasonic transducer
element. Thus, the ultrasonic transducer element can be used
not only in detecting peeling but also in forming an ultrasonic
image. Ultrasonic transducer elements do not necessarily
need to be disposed so as to be unique to the detection of
peeling.

[0011] (3) In the control device for an ultrasonic apparatus,
when the peeling is not detected by the peeling detecting
section, the image processing section may generate an image
signal based on a reception signal output from the ultrasonic
transducer element in a period continuous to the reference
period. If the ultrasonic transducer element is not peeled off,
the ultrasonic wave is reflected from the measurement target.
Since a reception signal corresponding to the reflected wave
is not output from the ultrasonic transducer element in the
reference period, peeling is not detected. The ultrasonic wave
reflected from the measurement target is received by the
ultrasonic transducer element in a period continuous to the
reference period. The reception signal of the ultrasonic trans-
ducer element is used in forming an ultrasonic image. Thus,
determination of peeling can be performed during the pro-
cessing operation of image formation.

[0012] (4) When the peeling is detected by the peeling
detecting section, the image processing section may hold an
output of an image signal. When peeling is detected, the
output of the image signal generated by the image processing
section is held. Thus, when peeling is detected, a new ultra-
sonic image is not generated. Therefore, ona display device to
display an ultrasonic image based on the image signal, it is
possible to avoid the disturbance of display based on peeling.
[0013] (5) The control device for an ultrasonic apparatus
may further include a selection section that selects the ultra-
sonic transducer element from the ultrasonic transducer ele-
ment group. According to the selection, an ultrasonic trans-
ducer element used in the detection of peeling is specified.
Therefore, it is possible to specify the position of an ultra-
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sonic transducer element, which peels off, from the ultrasonic
transducer element group. In this manner, the position of
peeling can be accurately specified.

[0014] (6) The selection section may select an ultrasonic
transducer element disposed on an outermost side in an
arrangement of the ultrasonic transducer element group.
When the ultrasonic transducer element group is in contact
with the measurement target, it is thought that an ultrasonic
transducer element disposed on the outermost side in the
arrangement is likely to peel off most easily. Accordingly, if
the ultrasonic transducer element disposed on the outermost
side in the arrangement is selected, peeling is likely to be
found. In this manner, it is possible to detect peeling effi-
ciently.

[0015] (7) The selection section may select an ultrasonic
transducer element disposed in a center in an arrangement of
the ultrasonic transducer element group. When an ultrasonic
transducer element located in the center of the arrangement is
peeled off from the measurement target, it is thought that
peeling occurs in a wide range including the center. Accord-
ingly, since peeling is also expected in ultrasonic transducer
elements disposed at other positions, peeling is assumed even
if peeling detection processing is not performed. In this man-
ner, subsequent processing operations can be omitted.
[0016] (8) The reference period setting section may define
an end of the reference period at a time of receiving an
ultrasonic wave reflected from an interface with the air. If the
ultrasonic transducer element is peeled off from the measure-
ment target, the ultrasonic wave is reflected from the interface
with the air in the shortest path. If the ultrasonic transducer
element is not peeled off from the measurement target, most
ultrasonic waves are transmitted through the interface with
the measurement target and are reflected from the inside of
the measurement target. In the propagation time of the short-
est path, the reflected wave of the ultrasonic wave is not
received by the ultrasonic transducer element. Accordingly, if
the end of the reference period is defined as a time of receiving
the ultrasonic wave reflected from the interface with the air, a
reception signal can be reliably identified according to
whether or not there is peeling. In this manner, peeling can be
reliably determined. In particular, since the interface with the
air can be easily established, the reference period can be
easily measured. Thus, it is possible to set the reference
period accurately regardless of the individual difference of
the measurement target.

[0017] (9) When comparing the reception signal with the
reference value, the reception signal may be specified at a
peak-to-peak value of a reception voltage. Thus, whether or
not an ultrasonic wave has been received can be accurately
detected in the reference period.

[0018] (10) The reference value setting section may set a
peak-to-peak value of a voltage, which is output from the
ultrasonic transducer element when receiving an ultrasonic
wave reflected from the interface with the air, to the reference
value, and the peeling detecting section may detect peeling if
the peak-to-peak value of the reception voltage is equal to or
greater than 0.2 times the reference value. If the ultrasonic
transducer element is peeled off from the measurement target,
the ultrasonic wave from the interface with the air is reflected
toward the ultrasonic transducer element. On the other hand,
if the ultrasonic transducer element is not peeled off from the
measurement target, the ultrasonic wave from the interface
with the measurement target is reflected toward the ultrasonic
transducer element. While the acoustic impedance of the air

Sep. 15, 2016

and the acoustic impedance of the measurement target are
greatly different, acoustic impedance matching is achieved
between the measurement target and the contact body that
defines the interface. Therefore, it is possible to accurately
detect peeling by comparing the peak-to-peak values. In par-
ticular, since the interface with the air can be easily estab-
lished, the reference value can be easily measured. Thus, it is
possibleto set the reference value accurately regardless of the
individual difference of the measurement target.

[0019] (11) The reference value setting section may set a
peak-to-peak value of a voltage, which is output from the
ultrasonic transducer element when receiving an ultrasonic
wave reflected from the interface with the measurement tar-
get, to the reference value, and the peeling detecting section
may detect peeling if the peak-to-peak value of the reception
voltage is equal to or greater than the reference value. If the
ultrasonic transducer element is peeled off from the measure-
ment target, the ultrasonic wave from the interface with the air
is reflected toward the ultrasonic transducer element. On the
other hand, if the ultrasonic transducer element is not peeled
off from the measurement target, the ultrasonic wave from the
interface with the measurement target is reflected toward the
ultrasonic transducer element. While the acoustic impedance
of the air and the acoustic impedance of the measurement
target are greatly different, acoustic impedance matching is
achieved between the measurement target and the contact
body that defines the interface. Therefore, it is possible to
accurately detect peeling by comparing the peak-to-peak val-
ues.

[0020] (12) The control device for an ultrasonic apparatus
can be built into a probe. The probe may be connected to the
control device for an ultrasonic apparatus and support the
ultrasonic transducer element. The probe may include a dis-
play device that displays a position of peeling detected by the
peeling detecting section. The user of the probe is notified of
the position of peeling through the display device. The user
can check the position of the peeling based on the display of
the display device. Therefore, the user can eliminate the peel-
ing accurately according to the display of the display device.

[0021] (13) The control device for an ultrasonic apparatus
can be used by being built into an ultrasonic apparatus. In this
case, the ultrasonic apparatus may include an apparatus body
including the control device for an ultrasonic apparatus and a
probethat is connected to the apparatus body and supports the
ultrasonic transducer element.

[0022] (14) The ultrasonic apparatus may further include a
display device that is connected to the apparatus body and
displays a position of peeling detected by the peeling detect-
ing section. The user of the ultrasonic apparatus is notified of
the position of peeling through the display device. The user
can check the position of the peeling based on the display of
the display device. The user can eliminate the peeling accu-
rately according to the display of the display device.

[0023] (15) Another aspect of the invention relates to a
peeling detection method for an ultrasonic apparatus includ-
ing;: setting a reference value based on either a reflectance of
an ultrasonic wave reflected from an interface with the air or
areflectance of an ultrasonic wave reflected from an interface
with a measurement target; setting areference period ended at
an earlier time than a time of receiving an ultrasonic wave that
is transmitted from an ultrasonic transducer element and is
reflected from the measurement target; and detecting peeling
of the ultrasonic transducer element by comparing a reception
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signal, which is output from the ultrasonic transducer element
in the reference period, with the reference value.

[0024] A reference period is set upon detection of peeling.
The reception signal of the ultrasonic transducer element and
the reference value are compared with each other in the ref-
erence period. If the ultrasonic transducer element is not
peeled off from the measurement target, the ultrasonic wave
is reflected from the measurement target without passing
through the air layer. Since the reference period is ended at an
earlier time than the time of receiving a reflected wave, a
reception signal corresponding to the reflected wave is not
output from the ultrasonic transducer element in the reference
period. It is detected that the ultrasonic transducer element
has not been peeled off from the measurement target. When
peeling occurs, the ultrasonic wave is reflected from the inter-
face with the air before reaching the measurement target.
Since a reception signal corresponding to the reflected wave
is output from the ultrasonic transducer element, in the refer-
ence period, the reception of the reflected wave is specified in
the reference period. Accordingly, peeling is detected. Since
peeling is determined in the reference period according to the
comparison between the reception signal and the reference
value, the processing time for determination is reduced. In
addition, the difference between the air layer and the mea-
surement target can be accurately detected from two condi-
tions of the reflection time and the reflectance of the ultra-
sonic wave.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Theinvention will be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

[0026] FIG. 1 is a schematic diagram that schematically
shows the configuration of an ultrasonic diagnostic apparatus.
[0027] FIG. 2 is a perspective view schematically showing
the surface of an ultrasonic probe.

[0028] FIG.3isanenlarged partial plan view schematically
showing the configuration of an ultrasonic device.

[0029] FIG.4isasectional view taken along the line A-A of
FIG. 3.
[0030] FIG.51isablock diagram schematically showing the

circuit configuration of the ultrasonic diagnostic apparatus.
[0031] FIG. 6is ablock diagram schematically showing the
configuration of a processing circuit.

[0032] FIG. 7 is a flowchart schematically showing the
processing steps of the ultrasonic diagnostic process.

[0033] FIG. 8 is a flowchart schematically showing the
processing steps of a start process.

[0034] FIG. 9 is a flowchart schematically showing the
processing steps of an image update process.

[0035] FIG. 10 is a sequence diagram schematically show-
ing the processing sequence of the ultrasonic diagnostic pro-
cess.

[0036] FIG. 11 is a sequence diagram schematically show-
ing the processing sequence of the ultrasonic diagnostic pro-
cess continuous to FIG. 10.

[0037] FIG. 12 is a flowchart schematically showing a pro-
cess for measuring a reference value and a reference period.

[0038] FIG.13 is awaveform diagram showing the concept
of start and end times of peeling detection.
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DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0039] Hereinafter, an embodiment of the invention will be
described with reference to the accompanying diagrams. In
addition, the present embodiment to be described below does
not unduly limit the contents of the invention as defined in the
appended claims, and all constituent elements described in
the present embodiment are not necessarily indispensable as
solving means of the invention.

(1) Overall Configuration of an Ultrasonic Diagnostic
Apparatus

[0040] FIG. 1 schematically shows the configuration of a
specific example of an electronic apparatus according to an
embodiment of the invention, that is, the configuration of an
ultrasonic diagnostic apparatus (ultrasonic apparatus) 11.
The ultrasonic diagnostic apparatus 11 includes an apparatus
body 12 and an ultrasonic probe (probe) 13. The apparatus
body 12 and the ultrasonic probe 13 are connected to each
other by a cable 14. The apparatus body 12 and the ultrasonic
probe 13 perform transmission and reception of electrical
signals therebetween through the cable 14.

[0041] The ultrasonic probe 13 includes a housing 16. The
housing 16 includes a front side body 17 and a back side body
18. The front side body 17 and the back side body 18 are
coupled to each other. Between the front side body 17 and the
back side body 18, a cable port 19 is provided between the
coupling surface of the front side body 17 and the coupling
surface of the back side body 18. The cable 14 is disposed in
the cable port 19. As will be described later, an ultrasonic
device unit is supported by the housing 16.

[0042] A display unit (display device) 21 is provided in the
housing 16 of the ultrasonic probe 13. The display unit 21
includes three lighting lamps 224, 225, and 22¢. Each of the
lighting lamps 22a, 225, and 22¢ can be formed by an LED
element. Each of the lighting lamps 22a, 22b, and 22¢ is
turned on and off according to a control signal that is supplied.
[0043] The lighting lamps are arranged on one straight line
in a determined direction. Here, the first and second lamps
22a and 22b are disposed at positions closest to the contour of
the back side body 18 on one straight line, and the third lamp
22¢ 1s disposed at a central position that is equally distant
from the first and second lamps 224 and 225.

[0044] The display device 23 is connected to the apparatus
body 12. A display panel 24 is provided in the display device
23. As will be described later, an image or a numerical value
based on the ultrasonic wave detected by the ultrasonic probe
13 is displayed on the screen of the display panel 24. An
imaging or digitizing detection result is displayed on the
screen of the display panel 24.

[0045] As shown in FIG. 2, an opening 26 is formed in the
front side body 17 of the housing 16. The opening 26 faces the
housing space provided in the housing 16. An ultrasonic
device unit DV is disposed in the housing space. The ultra-
sonic device unit DV includes an ultrasonic device 27. The
ultrasonic device 27 includes an acoustic lens 28. A partial
cylindrical surface 28a is formed on the outer surface of the
acoustic lens 28. The partial cylindrical surface 28a is sur-
rounded by a flat plate portion 285. The outer periphery of the
flat plate portion 285 is attached to the housing 16 seamlessly
all therearound. In this manner, the flat plate portion 285
functions as a part of the housing. The acoustic lens 28 is
formed of, for example, silicone resin. The acoustic lens 28
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has an acoustic impedance (for example, 1.0 [MRayl] to 1.5
[MRayl]) close to the acoustic impedance 1.5 [MRayl] of the
body. The ultrasonic device 27 outputs an ultrasonic wave
from the surface and receives a reflected wave of the ultra-
sonic wave.

(2) Configuration of the Ultrasonic Device

[0046] FIG. 3 schematically shows a plan view of the ultra-
sonic device 27 according to the embodiment. The ultrasonic
device 27 includes a base 31. An element array 32 is formed
on the base 31. The element array 32 is an array of ultrasonic
transducer elements (hereinafter, referred to as “elements”™)
33. The array is formed in a matrix of a plurality of rows and
columns. Here, only a part of the array is shown. In addition,
in the array, a staggered arrangement may be established. In
the staggered arrangement, a group of elements 33 in the
even-numbered column may be shifted by 2 of the row pitch
from a group of elements 33 in the odd-numbered column.
The number of elements of one of the odd-numbered column
and the even-numbered column may be one smaller than the
number of elements of the other column.

[0047] Each element 33 includes a vibrating film 34. The
details of the vibrating film 34 will be described later. In FIG.
3, the contour of the vibrating film 34 is drawn by a dotted line
in plan view from a direction perpendicular to the film surface
of the vibrating film 34 (in plan view from the thickness
direction of the substrate). A piezoelectric element 35 is
formed on the vibrating film 34. In the piezoelectric element
35, a piezoelectric film (not shown) is interposed between an
upper electrode 36 and a lower electrode 37, as will be
described later. These are superimposed in order. The ultra-
sonic device 27 is formed as one ultrasonic transducer ele-
ment chip.

[0048] A plurality of first conductors 38 are formed on the
surface of the base 31. The first conductors 38 extend in
parallel in the column direction of the array. One first con-
ductor 38 is assigned to the elements 33 in each column. One
first conductor 38 is disposed in common to the elements 33
arranged in the column direction of the array. The first con-
ductor 38 forms the lower electrode 37 for each element 33.
For the first conductor 38, for example, a laminated film of
titanium (11), iridium (Ir), platinum (Pt), and titanivm (Ti) can
beused. However, other conductive materials may beused for
the first conductor 38.

[0049] A plurality of second conductors 39 are formed on
the surface of the base 31. The second conductors 39 extend
in parallel in the row direction of the array. One second
conductor 39 is assigned to the elements 33 in each row. One
second conductor 39 is connected in common to the elements
33 arranged in the row direction of the array. The second
conductor 39 forms the upper electrode 36 for each element
33. Both ends of the second conductor 39 are connected to a
pair of lead-out wiring lines 41, respectively. The lead-out
wiring lines 41 extend in parallel in the column direction of
the array. Accordingly, all of the second conductors 39 have
the same length. In this manner, the upper electrode 36 is
connected in common to the elements 33 in the entire matrix.
The second conductor 39 can be formed of, for example,
iridium (Ir). However, other conductive materials may be
used for the second conductor 39.

[0050] The supply of power to the element 33 is switched
for each column. A linear scan or a sector scan is realized
according to such switching of power supply. Since the ele-
ments 33 in one column output ultrasonic waves at the same
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time, the number of elements in a column, that is, the number
of rows of the array, can be determined according to the
output level of the ultrasonic wave. For example, the number
of rows may be set to about 10to 15. In FIG. 3, three rows are
drawn, and other rows are omitted. The number of columns of
the array can be determined according to the spread of the
scan range. For example, the number of columns may be set
to 128 or 256. In FIG. 3, five columns are drawn, and other
columns are omitted. The roles of the upper electrode 36 and
the lower electrode 37 may be exchanged. That is, a lower
electrode may be connected in common to the elements 33 in
the entire matrix, and an upper electrode may be connected in
common to respective columns of the array.

[0051] The contour of the base 31 has a first side 31aand a
second side (not shown) that are a pair of parallel straight
lines facing each other. A first terminal array 42a of one line
is disposed between the first side 314 and the contour of the
element array 32. A second terminal array 335 of one line is
disposed between the second side 214 and the contour of the
element array 32. By the first terminal array 42a, one line can
be formed in parallel to the first side 31a. The first terminal
array 42a is formed by a pair of upper electrode terminals 43
and a plurality of lower electrode terminals 44. The upper
electrode terminals 43 are connected to the lead-out wiring
lines 41. The lower electrode terminals 44 are connected to
the second conductors 39. Similarly, a second terminal array
(not shown) of one line may be disposed between the second
side and the contour of the element array 32.

[0052] A flexible printed circuit board (hereinafter, referred
to as a “circuit board”) 45 is connected to the base 31. The
circuit board 45 covers the first terminal array 42a. On one
end of the circuit board 45, a conductive line, that is, a signal
line 46 is formed corresponding to each upper electrode ter-
minal 43 and each lower electrode terminal 44. The signal line
46 is separately bonded to each of the upper electrode termi-
nal 43 and the lower electrode terminal 44 so as to face each
of the upper electrode terminal 43 and the lower electrode
terminal 44.

[0053] On the vibrating film 34, an electrode separation
film 48 is disposed in parallel to the second conductors 39.
The electrode separation film 48 extends in a band shape in
the longitudinal direction of the second conductor 39. The
electrode separation film 48 has an insulation property and a
moisture-proof property. The electrode separation film 48 is
formed of, for example, a moisture-proof insulating material,
such as alumina (Al,O;) or silicon oxide (Si0,). The elec-
trode separation film 48 is formed so as to be separated on
both sides of each second conductor 39 with the second
conductor 39 interposed therebetween. Since the second con-
ductor 39 crosses the first conductor 38 on the vibrating film
34, the electrode separation film 48 traverses the first conduc-
tor 38 on the vibrating film 34.

[0054] On the base 31, an insulating film 49 is formed
outside the region of the vibrating film 34. The insulating film
49 extends in a band shape in the longitudinal direction of the
first conductor 38. The insulating film 49 is disposed in par-
allel to the first conductors 38 in only a region outside the
region of the vibrating film 34. The insulating film 49 is
formed of, for example, a moisture-proof insulating material,
such as alumina or silicon oxide. The insulating film 49
traverses the second conductor 39. The insulating film 49 is
continuous to the electrode separation film 48.

[0055] As shown in FIG. 4, the base 31 includes a substrate
51 and a flexible film 52. The flexible film 52 is formed on the
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entire surface of the substrate 51. On the substrate 51, an
opening 53 is formed for each element 33. The openings 53
are disposed in the form of an array for the substrate 51. The
contour of a region where the opening 53 is disposed corre-
sponds to the contour of the element array 32. A partition wall
54 is provided between two adjacent openings 53. The adja-
cent openings 53 are partitioned by the partition wall 54.
[0056] The flexible film 52 is formed by a silicon oxide
(810,) layer 55 laminated on the surface of the substrate 51
and a zirconium oxide (ZrO,) layer 56 laminated on the
surface of the silicon oxide layer 55. The flexible film 52 is in
contact with each opening 53. In this manner, a part of the
flexible film 52 forms the vibrating film 34 corresponding to
the contour of the opening 53. The thickness of the silicon
oxide layer 55 can be determined based on the resonance
frequency.

[0057] The first conductor 38, the piezoelectric film 58, and
the second conductor 39 are laminated in order on the surface
of the vibrating film 34. The piezoelectric film 58 can be
formed of, for example, lead zirconate titanate (PZT). Other
piezoelectric materials may be used for the piezoelectric film
58. Here, the piezoelectric film 58 covers the surface of the
first conductor 38 completely under the second conductor 39.
A short circuit between the first conductor 38 and the second
conductor 39 can be avoided by the piezoelectric film 58. The
surface of the piezoelectric film 58 is covered by the electrode
separation film 48.

[0058] An acoustic matching layer 59 is laminated on the
surface of the base 31. The acoustic matching layer 59 covers
the element array 32. The thickness of the acoustic matching
layer 59 is determined according to the resonance frequency
of the vibrating film 34. For example, a silicone resin film can
be used as the acoustic matching layer 59. The acoustic lens
28 is disposed on the acoustic matching layer 59. The acoustic
lens 28 is in close contact with the surface of the acoustic
matching layer 59 on the plane on the back side of the partial
cylindrical surface 28a. The acoustic lens 28 is bonded to the
base 31 by the acoustic matching layer 59. The generatrix of
the partial cylindrical surface 28a is positioned in parallel to
the first conductor 38. The curvature of the partial cylindrical
surface 28a is determined according to the focal position of
each ultrasonic wave transmitted from the elements 33 in one
column that are connected to one second conductor 39.
[0059] A reinforcing plate 61 as a backing material is
attached to the back surface of the base 31. The reinforcing
plate 61 is formed in a flat plate shape. The back surface of the
base 31 overlaps the surface of the reinforcing plate 61. The
surface of the reinforcing plate 61 is bonded to the back
surface of the base 31. At the time of such bonding, the
reinforcing plate 61 may be bonded to the base 31 with an
adhesive. The reinforcing plate 61 reinforces the rigidity of
the base 31. The reinforcing plate 61 can include arigid base,
for example. Such a base may be formed of a metal material,
such as a 42 alloy (iron-nickel alloy).

(3) Circuit Configuration of the Ultrasonic Diagnostic
Apparatus

[0060] As shown in FIG. 5, the ultrasonic diagnostic appa-
ratus 11 includes an integrated circuit chip 63 electrically
connected to the ultrasonic device 27. The integrated circuit
chip 63 includes a multiplexer 64 and a transmission and
reception circuit 65. The multiplexer 64 includes a port group
64a on the ultrasonic device 27 side and a port group 645 on
the transmission and reception circuit 65 side. A signal line 46
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is connected to the port group 64a on the ultrasonic device 27
side through a wiring line 66. In this mannet, the port group
64a is connected to the element array 32. Here, a predeter-
mined number of signal lines 67 in the integrated circuit chip
63 are connected to the port group 645 on the transmission
and reception circuit 65 side. The predetermined number
corresponds to the number of columns of the elements 33 that
are output at the same time in a scan. The multiplexer 64
manages the interconnection between a port on the cable 14
side and a port on the ultrasonic device 27 side.

[0061] The transmission and reception circuit 65 includes a
predetermined number of selector switches 68. Each of the
selector switch 68 is connected to the corresponding signal
line 67. The transmission and reception circuit 65 includes a
transmission path 69 and a reception path 71 for each selector
switch 68. The transmission path 69 and the reception path 71
are connected in parallel to the selector switch 68. The selec-
tor switch 68 selectively connects the transmission path 69 or
the reception path 71 to the multiplexer 64. A pulser 72 is
provided in the transmission path 69. The pulser 72 outputs a
pulse signal at a frequency corresponding to the resonance
frequency of the vibrating film 34. An amplifier 73, a low pass
filter (LPF) 74, and an analog-digital converter (ADC) 75 are
provided in the reception path 71. The output signal of each
element 33 is amplified and is converted into a digital signal.
[0062] Thetransmission and reception circuit 65 includes a
driving receiving circuit 76. The transmission path 69 and the
reception path 71 are connected to the driving receiving cir-
cuit 76. The driving receiving circuit 76 controls the pulser 72
according to the form of a scan. The driving receiving circuit
76 receives a digital signal of an output signal according to the
form of a scan. The driving receiving circuit 76 is connected
to the multiplexer 64 by a control line 77. The multiplexer 64
manages the interconnection based on the control signal sup-
plied from the driving receiving circuit 76.

[0063] A processing circuit (control device for an ultra-
sonic apparatus) 78 is provided in the apparatus body 12. The
processing circuit 78 can include a central processing unit
(CPU) or a memory. The overall operation of the ultrasonic
diagnostic apparatus 11 is controlled according to the pro-
cessing of the processing circuit 78. The processing circuit 78
controls the driving receiving circuit 76 according to the
instruction input from the user. The processing circuit 78
generates an image according to the output signal of the
element 33. An image is specified by the drawing data.
[0064] A drawing circuit 79 is provided in the apparatus
body 12. The drawing circuit 79 is connected to the process-
ing circuit 78. The display panel 24 is connected to the draw-
ing circuit 79. The drawing circuit 79 generates a driving
signal according to the drawing data generated by the pro-
cessing circuit 78. The driving signal is transmitted to the
display panel 24. As a result, an image is projected onto the
display panel 24.

[0065] An input unit 81 is provided in the apparatus body
12. The input unit 81 is connected to the processing circuit 78.
An input device 82, such as a keyboard, a mouse, or a touch-
screen panel, may be connected to the input unit 81. A com-
mand or data from the input device can be input to the pro-
cessing circuit 78. The processing circuit 78 can operate
based on the input command or data.

[0066] As shown in FIG. 6, the processing circuit 78
includes an operation managing section 84. The input unit 81
is connected to the operation managing section 84. The opera-
tion managing section 84 performs overall control of the
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processing circuit 78. The operation managing section 84
performs arithmetic processing based on the command signal
or data signal input from the input unit 81.

[0067] The processing circuit 78 includes a selection sec-
tion 85. The selection section 85 is connected to the operation
managing section 84. The multiplexer 64 is connected to the
selection section 85 through the driving receiving circuit 76.
The selection section 85 selects one or more elements 33 from
elements belonging to the element array 32. A selection signal
is supplied to the multiplexer 64 from the selection section 85
when selecting the element 33. The selection section 85 gen-
erates a selection signal according to the instruction of the
operation managing section 84.

[0068] The processing circuit 78 includes a transmission
section 86. The transmission section 86 is connected to the
operation managing section 84. The transmission section 86
supplies a transmission signal toward the multiplexer 64.
Each element 33 transmits an ultrasonic wave in response to
the supply of the transmission signal. The transmission sec-
tion 86 generates a transmission signal according to the
instruction of the operation managing section 84.

[0069] The processing circuit 78 includes a voltage value
detecting section 87. The multiplexer 64 is connected to the
voltage value detecting section 87 through the driving receiv-
ing circuit 76. The voltage value detecting section 87 receives
the reception signal supplied from each element 33. Accord-
ing to the supplied reception signal, a voltage value for each
time is specified. The time can be determined according to the
resolution of the ADC 75, for example. The resolution of
ADC 75 is determined according to the sampling frequency.
[0070] The processing circuit 78 includes a reference value
setting section 88. The reference value setting section 88 is
connected to the voltage value detecting section 87. The ref-
erence value setting section 88 sets a reference value accord-
ing to the output of the voltage value detecting section 87.
When setting the reference value, the reference value setting
section 88 specifies a peak-to-peak value of the voltage output
from the element 33. The reception of the ultrasonic wave is
specified at the maximum value of the peak-to-peak value.
[0071] The operation managing section 84 is connected to
the reference value setting section 88. The operation manag-
ing section 84 controls the operation of the reference value
setting section 88. As will be described later, the peak-to-peak
value of the voltage that is output from the element 33 when
receiving the ultrasonic wave reflected from the interface with
the air is specified according to the control of the operation
managing section 84. In this manner, the reference value
reflects the reflectance of the ultrasonic wave reflected from
the interface with the air.

[0072] The processing circuit 78 includes a reference
period setting section 89. The reference period setting section
89 is connected to the voltage value detecting section 87. The
reference period setting section 89 sets the reference period
according to the output of the voltage value detecting section
87. When setting the reference period, the reference period
setting section 89 specifies a time of receiving the ultrasonic
wave after transmission of the ultrasonic wave. When speci-
fying the time, the reference period setting section 89 speci-
fies the maximum value of the peak-to-peak value of the
voltage output from the element 33. The operation managing
section 84 is connected to the reference period setting section
89. The operation managing section 84 controls the operation
of the reference period setting section 89. As will be described
later, according to the control of the operation managing
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section 84, the end of the reference period is defined at the
time of receiving the ultrasonic wave reflected from the inter-
face with the air. When the end of the reference period is
defined as described above, the reference period is ended at an
earlier time than the time of receiving the ultrasonic wave that
is transmitted from the element 33 and is reflected from the
measurement target.

[0073] The processing circuit 78 includes a peeling detect-
ing section 91. The peeling detecting section 91 is connected
to the voltage value detecting section 87. The peeling detect-
ing section 91 detects the peeling of the element 33 by com-
paring the reference value with the reception signal output
from the element 33 in the reference period. When comparing
the reception signal with the reference value, the reception
signal is specified at the peak-to-peak value of the reception
voltage. The peeling detecting section 91 detects peeling if
the peak-to-peak value of the reception voltage is equal to or
greater than 0.2 times the reference value.

[0074] The processing circuit 78 includes an image pro-
cessing section 92. The image processing section 92 is con-
nected to the voltage value detecting section 87. The image
processing section 92 generates image data according to the
output of the voltage value detecting section 87. The opera-
tion managing section 84 is connected to the image process-
ing section 92. The operation managing section 84 controls
the operation of the image processing section 92. According
to the control of the operation managing section 84, the image
processing section 92 generates image data based on the
reception signal output from the element 33 in a period that is
continuous to the reference period. When the peeling is
detected by the peeling detecting section 91, the image pro-
cessing section 92 holds the output of image data.

[0075] The processing circuit 78 includes a storage section
93. The storage section 93 is connected to the operation
managing section 84. A reference value and a reference
period are stored in the storage section 93.

(4) Operation of the Ultrasonic Diagnostic Apparatus

[0076] The operation of the ultrasonic diagnostic apparatus
11 will be described briefly. The ultrasonic probe 13 is
pressed against a measurement target before the ultrasonic
diagnostic process is started. Here, for example, a body is
assumed to be the measurement target. The acoustic lens 28 is
in close contact with the skin of the body. Between the skin
and the acoustic lens 28 that have been in close contact with
each other, water or other acoustic coupling materials may be
disposed. Since the acoustic impedance of the acoustic lens
28 is 1.0 [MRayl] to 1.5 [MRayl], the acoustic impedance of
the acoustic lens 28 matches the acoustic impedance 1.5
[MRayl] of the body. Accordingly, each element 33 is acous-
tically coupled to the body. As long as the acoustic lens 28 is
in close contact with the skin, the reflection of the ultrasonic
wave is maximally suppressed on the interface of the acoustic
lens 28. In this manner, an ultrasonic wave can reach an organ
in the body.

[0077] As shown in FIG. 7, the ultrasonic diagnostic pro-
cess is started, for example, in response to the operation of the
input device 82. When the ultrasonic diagnostic process is
started, a start process is performed in step S1. In the start
process, “peeling” of the element array 32 is detected. The
details of detection of “peeling” will be described later. Sub-
sequent to the start process, an image update process is per-
formed in step S2. In the image update process, an image is
formed for each video frame.
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[0078] As shown in FIG. 8, in the start process, the opera-
tion managing section 84 specifies the detection position of
“peeling” in step T1. Here, for example, as shown in FIG. 6,
the element array 32 includes 64 element columns in the
scanning direction. A position (C) corresponds to one element
column (thirty-second column) disposed in the center in the
scanning direction in the element array 32. Positions (1) and
(E) correspond to one element column (first column) and one
element column (sixty-fourth column), respectively, which
are disposed on the outermost side in the scanning direction in
the element array 32.

[0079] In step T2, the selection section 85 selects, for
example, the position (C) according to the control of the
operation managing section 84. In step T3, the transmission
section 86 generates a transmission signal according to the
control of the operation managing section 84. The transmis-
sion signal is supplied to the element column placed at the
position (C). According to the transmission signal, ultrasonic
waves are transmitted from the element column placed at the
position (C). In the element column, a column of elements 33
for only transmission and a column of elements 33 for only
reception may be formed. In step T4, the voltage value detect-
ing section 87 receives a reception signal. A voltage value V-
of the reception signal is specified. Then, in step T5, the
peeling detecting section 91 compares the voltage value V - of
the reception signal with a reference value V. If the voltage
value V . of the reception signal is equal to or greater than 0.2
times the reference value V ,,, the peeling detecting section 91
detects peeling. Ifthe voltage value V . of the reception signal
is less than 0.2 times the reference value V,, peeling is
denied. Until the reference period passes in step T6, peeling is
determined for each voltage value V.. When the reference
period has passed without peeling being detected, the pro-
cessing operation proceeds to step T7. Since the positions (1)
and (E) remain, a position is updated in step T8, and the
selection section 85 selects the position (1) according to the
control of the operation managing section 84. When the ref-
erence period has passed without peeling being detected at
the position (C), the position (1), and the position (E) accord-
ing to such a series of processing operation, the start process
is ended.

[0080] When peeling is detected in step T5 before the ref-
erence period passes in step T6, the peeling detecting section
91 generates a peeling warning signal in step T9. The peeling
warning signal is supplied to, for example, the display unit 21.
For example, when peeling is detected at the position (C), the
display unit 21 turns on the third lamp 22¢ corresponding to
the position (C). When peeling is detected at the position (1),
the display unit 21 turns on the first lamp 22a corresponding
to the position (1). When peeling is detected at the position
(B), the display unit 21 turns on the second lamp 224 corre-
sponding to the position (E).

[0081] The operator of the ultrasonic diagnostic apparatus
11 can know the “peeling” of the element array 32 according
to the lighting of the third lamp 22¢, the first lamp 224, or the
second lamp 225. “Peeling” of the element array 32 forms an
air layer between the acoustic lens 28 and the skin to eliminate
close contact. Due to “peeling”, ultrasonic waves are strongly
reflected from the interface with the air. Accordingly, since
the ultrasonic waves cannot reach an organ in the body, an
unnecessary shade is formed in the ultrasonic image. The
operator who viewed the warning display can attempt a close
contact between the acoustic lens 28 and the skin of the body.
When peeling is detected, the selection section 85 selects the
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position (C) again in step T2. It is determined again whether
or not there is peeling at the position (C), the position (1), and
the position (E).

[0082] AsshowninFIG. 9, the operation managing section
84 sets a first scanning line (N=1) in step V1 in the image
update process. Here, 64 element columns are formed in the
scanning direction, and 61 scanning lines per video frame are
formed. Here, the number of element columns or the number
of scanning lines can be appropriately set according to the
specification of the ultrasonic diagnostic apparatus 11 or the
required image quality or resolution. In step V2, the operation
managing section 84 determines the number of times of the
output of the warning signal. Since a tendency signal has not
yet been output in the first scanning line, the processing
operation proceeds to step V3. In step V3, the transmission
section 86 generates a transmission signal according to the
control of the operation managing section 84. The transmis-
sion signal is supplied to, for example, the element column
placed at the position (1). According to the transmission
signal, ultrasonic waves are transmitted from the element
column placed at the position (1). In step V4, the voltage value
detecting section 87 receives a reception signal. The voltage
value V - of the reception signal is specified. Then, in step V5,
the peeling detecting section 91 compares the voltage value
V - of the reception signal with the reference value V. If the
voltage value V . of the reception signal is equal to or greater
than 0.2 times the reference value V,, the peeling detecting
section 91 detects peeling. If the voltage value V. of the
reception signal is less than 0.2 times the reference value V5,
peeling is denied. Until the reference period passes in step V6,
peeling is determined for each voltage value V.. When the
reference period has passed without peeling being detected,
the processing operation proceeds to step V7. In step V7, the
voltage value detecting section 87 receives a reception signal.
In step V8, the voltage value V. of the reception signal is
specified until a measurement period continuous to the refer-
ence period passes. The image processing section 92 gener-
ates image data according to the maximum value of the volt-
age value V.. When the measurement period has passed,
image data is stored in the storage section 93.

[0083] Instep V9, the operation managing section 84 deter-
mines whether or not the voltage value V. is stored for all
scanning lines (N=1, 2, . . ., 61). In step V10, the next
scanning line (N=2) is selected. The processing operation of
steps V2 to V9 is repeated. When the voltage value V- of 61
scanning lines is stored in step V9, an image of one video
frame is formed according to the voltage value V. In step
V11, image data is supplied to the drawing circuit 79. An
image is updated on the screen of the display panel 24. Then,
the process is repeated from step V1. The next video frame is
formed. In this manner, the formation of a video frame is
repeated. As a result, an image is formed.

[0084] When peeling is detected in step V5 before the ref-
erence period passes in step V6, the peeling detecting section
91 generates a peeling warning signal in step V12. The peel-
ing warning signal is supplied to, for example, the display umt
21. The display unit 21 turns on the first lamp 22a, the second
lamp 22b, and the third lamp 22¢. One of the first lamp 22a,
the second lamp 225, and the third lamp 22¢ may be selected
according to the position of the element column. In addition,
as shown in FIG. 10, the operation managing section 84 may
generate a warning image signal. The warning image signal is
supplied to the drawing circuit 79. A warning image is added
to the screen of the display panel 24. The operator who
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viewed the warning display or the warning image can attempt
the establishment of a close contact between the acoustic lens
28 and the skin of the body. In this case, the output of the
image signal generated by the image processing section 92 is
held. Thus, when peeling is detected, a new ultrasonic image
is not generated. Accordingly, on the screen of the display
panel 24, it is possible to avoid the disturbance of the display
based on peeling. In step V6, when the operation managing
section 84 recognizes the elimination of peeling in the corre-
sponding scanning line in the reference period, the processing
operation returns to step V1. Then, the formation of one video
frame is performed again from the scanning line (N=1).
[0085] When the number of times of the output of the
warning signal reaches a predetermined number in step V2,
the operation managing section 84 may generate an image
signal of “peeling unresolved” in step V13. The image signal
is supplied to the drawing circuit 79. On the screen of the
display panel 24, as shown in FI1G. 11, a recognition image of
“peeling unresolved” is added without updating the image of
the video frame. The recognition image may prompt the re-
start of the ultrasonic diagnostic process. The operation of the
ultrasonic diagnostic process is ended while maintaining the
image of the video frame and the recognition image in this
manner.

[0086] As shown in FIG. 12, a reference value and a refer-
ence period may be set based on measurement. For example,
such measurement may be performed prior to shipment of
products in the production site. Before the measurement, an
interface with the air is established in the acoustic lens 28. At
the time of establishment, the measurer may hold up the
ultrasonic probe 13 in the space, for example. The measure-
ment process is started in response to the operation of the
input device 82. In step W1, a measurement mode is estab-
lished in the operation managing section 84.

[0087] In step W2, the operation managing section 84
specifies a detection position in the measurement. Here, the
selection section 85 selects, for example, the position (C),
according to the control of the operation managing section 84.
Since each element column has the same ultrasonic charac-
teristics as the acoustic lens 28, the reference value and the
reference period that are measured in one element column can
be used in common to all element columns. In step W3, the
transmission section 86 generates a transmission signal
according to the control of the operation managing section 84.
The transmission signal is supplied to the element column
placed at the position (C). The wave number of the transmit-
ted ultrasonic wave is set to 0.5 or more.

[0088] In step W4, the voltage value detecting section 87
receives a reception signal. The voltage value V. of the
received reception signal is specified. Since the ultrasonic
wave is maximally reflected from the interface with the air,
the voltage value V - of the reception signal indicates a maxi-
mum value at the time of reception of ultrasonic waves, and
decreases therefrom. In step W5, the reference value setting
section 88 specifies the maximum value of the peak-to-peak
value of the reception voltage. The reference value setting
section 88 sets the maximum value as the reference value. In
step W6, the operation managing section 84 registers the
reference value set by the reference value setting section 88 in
the storage section 93.

[0089] In step W7, the reference period setting section 89
measures an elapsed time from the output of the transmission
signal to the maximum value of the peak-to-peak value of the
reception voltage. The reference period setting section 89 sets
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the elapsed time as the reference period. In step W8, the
operation managing section 84 registers the reference period
set by the reference period setting section 89 in the storage
section 93.

[0090] Here, the peak-to-peak value of the voltage output
from the element 33 when receiving the ultrasonic wave
reflects the reflectance of the ultrasonic wave. The reflectance
of the ultrasonic wave is calculated based on the acoustic
impedance of a first medium, through which the ultrasonic
wave propagates, and the acoustic impedance of a second
medium, which is in contact with the interface of the first
medium. For example, when the acoustic lens 28 has an
acoustic impedance of 1.0 [MRayl], the ultrasonic wave
propagating through the acoustic lens 28 is reflected from the
interface with the air with a reflectance y according to the
following equation since the acoustic impedance of the air is
4.28x10* [MRayl].

Zair — 7
_ CAIRTZLENS _ 0.9994
ZaiR + ZLENS

[0091] When this is set as the reference value V ,, the ultra-
sonic wave propagating through the acoustic lens 28 is
reflected from the interface with the body with a reflectance y
according to the following equation.

_ Zpio—Zans 02
Zpio + Zens

[0092] Since these reflectances are reflected on the voltage
value V - of the reception signal, it is possible to detect peeling
if the peak-to-peak value of the reception voltage is equal to or
greater than 0.2 times the reference value. For example, when
the acoustic lens 28 has an acoustic impedance of 1.5
[MRayl], the ultrasonic wave propagating through the acous-
tic lens 28 is reflected with a reflectance y according to the
following equation on the interface with the body.

_ Zpio—Ziens
Zgio + Zins

[0093] Therefore, in the same manner as described above, it
is possible to detect peeling if the peak-to-peak value of the
reception voltage is equal to or greater than 0.2 times the
reference value.

[0094] Here, a reference period T, [second] may be
defined according to the following equation.

Dm Dyens "
Tac = (a Clm) B
[0095] In addition, Dm indicates the thickness [m] of the

acoustic matching layer 59, and Cm indicates the sound speed
[m/s] of the acoustic matching layer 59. Similarly, D, . indi-
cates the thickness [m] of the acoustic lens 28, and C,
indicates the sound speed [m/s] of the acoustic lens 28. As
shown in FIG. 13, a start time Tds and an end time Tde of
peeling detection may be set according to the tolerance o of
the ultrasonic probe 13.
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Tds=T x(1-a)

Tde=T x(1+a)+T1x

1
Ttx=—Xn
fi

[0096] In this case, Ttx indicates a transmission period
[second], ft indicates a transmission frequency [Hz], and n
indicates a wave number [wave].

[0097] In the ultrasonic diagnostic apparatus 11, a refer-
ence period is set upon detection of peeling. The reception
signal of the element 33 and the reference value are compared
with each other in the reference period. If the acoustic lens 28
is in close contact with the body, most ultrasonic waves are
reflected from the organ in the body. Since the reference
period is ended at an earlier time than the time of receiving a
reflected wave from the organ, a reception signal correspond-
ing to the reflected wave is not output from the element 33 in
the reference period. Accordingly, peeling is denied. When
peeling occurs, the ultrasonic wave is reflected from the inter-
face with the air before reaching the organ in the body. Since
the reception signal corresponding to the reflected wave is
output from the element 33 in the reference period, a voltage
value corresponding to the reflected wave is detected in the
reference period. Accordingly, peeling is detected. Since
peeling is determined in the reference period according to the
comparison between the reception signal and the reference
value, the processing time for determination is reduced. The
difference between the air layer and the body can be accu-
rately detected from two conditions of the reflection time and
the reflectance of the ultrasonic wave.

[0098] As described above, the peeling detecting section 91
detects peeling based on the voltage value detected by the
voltage value detecting section 87. Similarly, the image pro-
cessing section 92 generates image data based on the voltage
value detected by the voltage value detecting section 87.
Thus, the element 33 can be used not only in detecting peeling
butalso in forming an ultrasonic image. Ultrasonic transducer
elements do not necessarily need to be disposed so as to be
unique to the detection of peeling. In this case, the size of the
ultrasonic device 27 is reduced. Accordingly, the wiring
structure is simplified. In addition, peeling can be determined
during the processing operation for image formation.

[0099] As described above, in the start process, the selec-
tion section 85 selects a specific element 33. It is determined
whether ornot there is peeling at the position (C), the position
(1), and the position (E). The position of peeling can be
accurately specified. The selection section 85 selects element
columns at the position (1) and the position (E) that are
disposed on the outermost side in the arrangement of the
element array 32. When the acoustic lens 28 is in contact with
the body, it is thought that the element 33 disposed on the
outermost side in the arrangement is likely to peel off most
easily. Accordingly, if the elements 33 placed at the positions
(1) and (E) are selected, peeling is easily found. In this man-
ner, it is possible to detect peeling efficiently. In addition,
when the element 33 at the position (C) located in the center
of the arrangement is peeled off from the body, it is thought
that peeling occurs in a wide range including the center. Since
peeling is also expected in the element 33 placed at the posi-
tion (1) or the position (E), peeling is assumed even if peeling
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detection processing is not performed at other positions. In
this manner, subsequent processing operations can be omit-
ted.

[0100] Ifthe acoustic lens 28 is peeled off from the body,
the ultrasonic wave is reflected from the interface with the air.
The ultrasonic wave is reflected in the shortest path. If the
acoustic lens 28 is not peeled off from the body, most ultra-
sonic waves are transmitted through the interface with the
body and are reflected from the organ inside the body. In the
propagation time of the shortest path, the reflected wave of the
ultrasonic wave is not received by the element 33. Accord-
ingly, if the end of the reference period is defined as a time of
receiving the ultrasonic wave reflected from the interface with
the air, a reception signal can be reliably identified according
to whether or not there is peeling. In this manner, peeling can
be reliably determined. In addition, as described above, since
the interface with the air can be easily established, the refer-
ence period can be easily measured. Thus, it is possible to set
the reference period accurately regardless of the individual
difference of the body.

[0101] When comparing the reception signal with the ref-
erence value, the reception signal is specified at the peak-to-
peak value of the reception voltage. Thus, whether or not an
ultrasonic wave has been received can be accurately detected
in the reference period. If the acoustic lens 28 is peeled off
from the body, the ultrasonic wave from the interface with the
air is reflected toward the element 33. On the other hand, ifthe
acoustic lens 28 is in close contact with the body, the ultra-
sonic wave from the interface with the body is reflected
toward the element 33. While the acoustic impedance of the
air and the acoustic impedance of the organ are greatly dif-
ferent, acoustic impedance matching is achieved between the
body and the acoustic lens 28 that defines the interface. There-
fore, it is possible to accurately detect peeling by comparing
the peak-to-peak values. In particular, since the interface with
the air can be easily established, the reference value can be
easily measured. Thus, it is possible to set the reference value
accurately regardless of the individual difference of the body.
[0102] In the ultrasonic probe 13, the first lamp 22q, the
second lamp 225, and the third lamp 22¢ are respectively
disposed corresponding to the positions (1), (E), and (C) in
the element column. When the housing 16 is pressed toward
the body at the position of the first lamp 22a, contact between
the acoustic lens 28 and the body is strengthened at a position
corresponding to the element column of the position (1).
When the housing 16 is pressed toward the body at the posi-
tion of the second lamp 224, contact between the acoustic lens
28 and the body is strengthened at a position corresponding to
the element column of the position (E). When the housing 16
is pressed toward the body at the position of the third lamp
22¢, contact between the acoustic lens 28 and the body is
strengthened at a position corresponding to the element col-
umn of the position (C). Therefore, the user can eliminate
peeling accurately according to the display of the display unit
21.

[0103] In the reference value setting section 88, the peak-
to-peak value of the voltage that is output from the element 33
when receiving the ultrasonic wave reflected from the inter-
face with the body may be specified as a reference value. In
this case, the reference value reflects the reflectance of the
ultrasonic wave reflected from the interface with the body.
When the peak-to-peak value of the voltage that is output
from the element 33 when receiving the ultrasonic wave
reflected from the interface with the body is set to the refer-
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ence value as described above, the peeling detecting section
detects peeling if the peak-to-peak value of the reception
voltage is equal to or greater than the reference value.
[0104] While the present embodiment has been described
in detail as described above, it could be easily understood by
those skilled in the art that various changes and modifications
thereof could be made without departing from novel matters
and effects of the invention. Accordingly, all of such modifi-
cation examples still are included in the range of the inven-
tion. For example, in the specification or diagrams, a term
which is described at least once together with different terms
having a broader meaning or the same meaning can be
replaced with the different terms in any parts of the specifi-
cation or diagrams. The configurations and operations of the
ultrasonic device unit DV, the ultrasonic device 27, the ele-
ment 33, and the like are not limited to those described in the
present embodiment, and various modifications can be made.
The processing circuit 78 may be formed using a central
processing unit (CPU). In this case, each functional block in
the CPU may be realized by arithmetic processing of soft-
ware.
[0105] Theentire disclosure of Japanese Patent Application
No. 2015-048471 filed on Mar. 11, 2015 is expressly incor-
porated by reference herein.
What is claimed is:
1. A control device for an ultrasonic apparatus, comprising
a processor configured to:
set a reference value based on either a reflectance of an
ultrasonic wave reflected from an interface with air or a
reflectance of an ultrasonic wave reflected from an inter-
face with a measurement target;
seta reference period ended at an earlier time than a time of
receiving an ultrasonic wave that is transmitted from an
ultrasonic transducer element and is reflected from the
measurement target; and
detect peeling of the ultrasonic transducer element by com-
paring a reception signal, which is output from the ultra-
sonic transducer element in the reference period, with
the reference value.
2. The control device for an ultrasonic apparatus according
to claim 1, further comprising:
an ultrasonic transducer element group connected to the
processor, the ultrasonic transducer element group
including the ultrasonic transducer element and gener-
ating an image signal based on the reception signal.
3. The control device for an ultrasonic apparatus according
to claim 2,
wherein, when the peeling is not detected, the processor is
configured to generate an image signal based on the
reception signal output from the ultrasonic transducer
element in a period continuous to the reference period.
4. The control device for an ultrasonic apparatus according
to claim 2,
wherein, when the peeling is detected, the processor is
configured to hold an output of an image signal.
5. The control device for an ultrasonic apparatus according
to claim 2, wherein the processor is further configured to:
select the ultrasonic transducer element from the ultrasonic
transducer element group.
6. The control device for an ultrasonic apparatus according
to claim 5, wherein the processor is configured to:
select an ultrasonic transducer element disposed on an
outermost side in an arrangement of the ultrasonic trans-
ducer element group.
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7. The control device for an ultrasonic apparatus according
to claim 5, wherein the processor is configured to:

select an ultrasonic transducer element disposed in a center

in an arrangement of the ultrasonic transducer element
group.

8. The control device for an ultrasonic apparatus according
to claim 1, wherein the processor is configured to:

define an end of the reference period at a time of receiving

an ultrasonic wave reflected from an interface with air.

9. The control device for an ultrasonic apparatus according
to claim 1,

wherein, when comparing the reception signal with the

reference value, the reception signal is specified at a
peak-to-peak value of a reception voltage.

10. The control device for an ultrasonic apparatus accord-
ing to claim 9, wherein the processor is configured to:

set a peak-to-peak value of a voltage, which is output from

the ultrasonic transducer element when receiving an
ultrasonic wave reflected from the interface with air, to
the reference value; and

detect peeling if the peak-to-peak value of the reception

voltage is equal to or greater than 0.2 times the reference
value.

11. The control device for an ultrasonic apparatus accord-
ing to claim 9, wherein the processor is configured to:

set a peak-to-peak value of a voltage, which is output from

the ultrasonic transducer element when receiving an
ultrasonic wave reflected from the interface with the
measurement target, to the reference value; and

detect peeling if the peak-to-peak value of the reception

voltage is equal to or greater than the reference value.

12. A probe that is connected to the control device for an
ultrasonic apparatus according to claim 1 and supports the
ultrasonic transducer element, the probe comprising:

a display that displays a detected position of peeling.

13. A probe that is connected to the control device for an
ultrasonic apparatus according to claim 2 and supports the
ultrasonic transducer element, the probe comprising:

a display that displays a detected position of peeling.

14. A probe that is connected to the control device for an
ultrasonic apparatus according to claim 3 and supports the
ultrasonic transducer element, the probe comprising:

a display that displays a detected position of peeling.

15. A probe that is connected to the control device for an
ultrasonic apparatus according to claim 4 and supports the
ultrasonic transducer element, the probe comprising:

a display that displays a detected position of peeling.

16. An ultrasonic apparatus, comprising:

an apparatus body including the control device foran ultra-

sonic apparatus according to claim 1; and

a probe that is connected to the apparatus body and sup-

ports the ultrasonic transducer element.

17. An ultrasonic apparatus, comprising:

an apparatus body including the control device foran ultra-

sonic apparatus according to claim 2; and

a probe that is connected to the apparatus body and sup-

ports the ultrasonic transducer element.

18. An ultrasonic apparatus, comprising:

an apparatus body including the control device foran ultra-

sonic apparatus according to claim 3; and

a probe that is connected to the apparatus body and sup-

ports the ultrasonic transducer element.

19. The ultrasonic apparatus according to claim 16, further
comprising:
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a display that is connected to the apparatus body and dis-
plays a detected position of peeling.

20. A method of detecting peeling using an ultrasonic

apparatus, comprising:

setting a reference value based on either a reflectance of an
ultrasenic wave reflected from an interface with air or a
reflectance of an ultrasonic wave reflected from an inter-
face with a measurement target;

setting a reference period ended at an eatlier time than a
time of receiving an ultrasonic wave that is transmitted
from an ultrasonic transducer element and is reflected
from the measurement target;

transmitting a first ultrasonic wave from the ultrasonic
transducer element;

receiving a reflected first ultrasonic wave during the refer-
ence period using the ultrasonic transducer element;

generating a reception signal corresponding to the reflected
first ultrasonic wave; and

detecting peeling of the ultrasonic transducer element by
comparing the reception signal with the reference value.
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21. An ultrasonic apparatus, comprising:
an ultrasonic transducer that:
transmits an ultrasonic wave;
receives a reflected ultrasonic wave; and
generates a reception signal based on the reflected ultra-
sonic wave; and
a processor connected to the ultrasonic transducer and
configured to:
set a reference value based on either an ultrasonic reflec-
tance of an interface with air or an ultrasonic reflec-
tance of an interface with a measurement target;
set areference time period shorter than a travel time of an
ultrasonic wave transmitted to and reflected from the
measurement target; and
when the reflected ultrasonic wave is received within the
reference time period, determine that air is disposed
between the ultrasonic transducer and the measure-
ment target by comparing the reception signal with
the reference value.
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