US 20200000431A1

a9y United States

12 Patent Application Publication o) Pub. No.: US 2020/0000431 A1

MURALI et al,

43) Pub. Date: Jan. 2, 2020

(54)

(71)

(72)

1)
(22)

(86)

(30)

Jan. 31, 2017

POSITION CONTROL DEVICE, POSITION
CONTROL METHOD, AND ULTRASONIC
IMAGING SYSTEM

Applicant: Hitachi Power Solutions Co., Ltd.,
Hitachi-shi, Ibaraki (JP)

Inventors: Masakatsu MURAI, Hitachi-shi (JP);
Naofumi YAMATOYA, Hitachi-shi
(JP); Katsuhiko QONUKI, Hitachi-shi
(JP); Kazuyoshi KUROSAWA,
Hitachi-shi (JP); Toshimasa GOU,
Hitachi-shi (JP)

Appl. No.:  16/480,984

PCT Filed: Jan. 29, 2018

PCT No.:

§ 371 (e)(1),
(2) Date:

PCT/JP2018/002794

Jul. 25, 2019

Foreign Application Priority Data

Q1 Y 2017-015187

Publication Classification

(51) Int. CL
AGIB 8/00 (2006.01)
AGIB 8/08 (2006.01)
(52) US.CL
CPC oo AGIB 8/4444 (2013.01); A61B 8/08
(2013.01); A61B 8/4254 (2013.01); AGIB
8/5207 (2013.01); A61B 8/54 (2013.01)
7) ABSTRACT

A position control device includes: a storage unit that stores
a deviation, between time from transmitting an ultrasonic
wave until receiving a reflected wave and a reference time,
in an (n-1)-th line when an ultrasonic probe unit scans the
(n-1)-th line of a surface of a sample before the ultrasonic
probe unit moves to an n-th line; and a processing unit that
determines a position of the ultrasonic probe unit when the
ultrasonic probe unit scans the n-th line of the surface based
on the deviation in the (n-1)-th line, and calculates a
deviation in the n-th line between time from transmitting an
ultrasonic wave until receiving a reflected wave and the
reference time when the ultrasonic probe unit scans the n-th
line of the surface. The processing unit determines the
position of the ultrasonic probe unit in a direction perpen-
dicular to the surface 1o make the deviation zero.
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POSITION CONTROL DEVICE, POSITION
CONTROL METHOD, AND ULTRASONIC
IMAGING SYSTEM

TECHNICAL FIELD

[0001] The present invention relates to a position control
device, a position control method, and an ultrasonic imaging
system.

BACKGROUND ART

[0002] Tt is known an ultrasonic imaging device (SAT:
Scanning Acoustic Tomograph) that scans a surface of a
sample by an ultrasonic probe unit and images the surface of
the sample based on a displacement, of a reflected wave.
When observing the sample with a curved surface by using
the SAT, it is necessary to adjust a position of the ultrasonic
probe unit in order to keep a distance between the ultrasonic
probe unit and the surface of the sample approximately
constant (focal distance).

[0003] For example, Japanese Patent Application Publica-
tion No 2013-170902 (hereinafter, referred to as Patent
Document 1) discloses a workpiece suction and fixing
device in which a flexible workpiece is suctioned by a
plurality of suction cups each including a base part and a lip
part, and the workpiece is stably suctioned and fixed in a
state of being immersed in water in a water tank, so that a
defect inspection accuracy is improved.

[0004] In addition, for example, Japanese Patent Applica-
tion Publication No. 2016-121951 (hereinafter, referred to as
Patent Document 2) discloses an ultrasonic imaging device
in which a focal depth of an ultrasonic probe unit is set to be
wide, and a depth map of an observation position of a sample
is acquired by a pre-scan, then, the focal depth of the
ultrasonic probe unit, is set to be narrow, and the sample is
observed at a high resolution by a main scan including the
observation position.

SUMMARY OF THE INVENTION

Problems to be Sold

[0005] However, for the workpiece suction and fixing
device described in Patent Document 1, it is difficult to
suction and fix a workpiece that is easily broken. In addition,
when the ultrasonic imaging device described in Patent
Document 2 is used, although a sample having a deeply
curved surface or a tilted defect structure can be observed at
a high resolution, it is necessary to scan the entire sample
twice (pre-scan and main scan) in order to adjust the
ultrasonic probe unit to an appropriate position, and mea-
surement time and working cost are increased.

[0006] In other words, when the ultrasonic imaging device
is used to observe a sample with a curved surface at a high
resolution, there is a problem that the measurement time and
the working cost are increased.

[0007] The invention is made to solve the above-described
problem, and an object of the invention is to provide a
position control device by which the measurement time and
the working cost are reduced.

Solution to Problem

[0008] In order to solve the above problem, the invention
includes a storage unit that is configured to store a deviation
in an (n-1)-th line when an ultrasonic probe unit scans the
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(n-1)-th line of a surface of a sample before the ultrasonic
probe unit moves to an n-th line, the deviation being
between time from transmitting an ultrasonic wave until a
reflected wave is received and a reference time; and a
processing unit that is configured to determine a position of
the ultrasonic probe unit when the ultrasonic probe unit
scans the n-th line of the surface of the sample based on the
deviation in the (n-1)-th line, and to calculate a deviation in
the n-th line between time from transmitting an ultrasonic
wave until a reflected wave is received and the reference
time when the ultrasonic probe unit scans the n-th line of the
surface of the sample.

Advantageous Effects

[0009] According to the invention, it is possible to provide
a position control device by which measurement time and
working cost are reduced.

BRIEF DESCRIPTION OF DRAWINGS

[0010] FIG. 1 is a diagram showing a configuration
example of an ultrasonic imaging system according to an
embodiment of the invention;

[0011] FIG. 2 is a view illustrating an example of a
scanning method performed by an ultrasonic probe unit
according to the embodiment of the invention;

[0012] FIGS. 3A and 3B are each a conceptual diagram in
a case where a measurement for calculating a deviation is
performed at each measurement point according to the
embodiment of the invention;

[0013] FIGS. 4A and 4B are each a graph showing a
relationship between time and a displacement of a reflected
wave according to the embodiment of the invention;
[0014] FIG. 5is a diagram showing an operation of a gate
circuit according to the embodiment of the invention;
[0015] FIGS. 6A and 6B are each a conceptual diagram
showing a scan performed by the ultrasonic probe unit
according to the embodiment of the invention; and

[0016] FIG. 7 is a flowchart showing an example of a
control method performed by a position control device
according to the embodiment of the invention.

DESCRIPTION OF EMBODIMENTS

<<Conlfiguration of Ultrasonic Imaging System>>

[0017] Hereinafter, an embodiment of the invention will
be described with reference to the drawings. First, a con-
figuration of an ultrasonic imaging system 100 according to
the embodiment of the invention will be described with
reference to FIG. 1.

[0018] As shown in FIG. 1, the ultrasonic imaging system
100 includes an ultrasonic probe unit 1, a control device 2,
a position control device 3, an X-axis drive unit 21, a Y-axis
drive unit 22, and a Z-axis drive unit 23.

[0019] In the ultrasonic imaging system 100, the ultra-
sonic probe unit 1 scans an entire surface of a sample 4, and
the position control device 3 determines a position of the
ultrasonic probe unit 1 such that a focal point F of the
ultrasonic probe unit 1 matches the surface of the samiple 4,
and the control device 2 controls the position of the ultra-
sonic probe unit 1. The sample 4 is, for example, a disk-
shaped silicon wafer with a curved surface. In the present
embodiment, although a case is described as an example in
which the disk-shaped silicon wafer with the curved surface
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is used as the sample 4, the sample to be observed using the
ultrasonic imaging system 100 is not limited thereto.

[0020] The ultrasonic probe unit 1 includes an encoder 11
and a piezoelectric element 12. A lower part of the ultrasonic
probe unit 1 is immersed in water 6 filled in a water tank 5.

[0021] The piezoelectric element 12 is provided to face the
surface of the sample 4, and includes a piezoelectric film and
electrodes formed on both surfaces of the piezoelectric film.
When a voltage is applied between the two electrodes, the
piezoelectric film vibrates, and an ultrasonic wave of a
predetermined frequency is emitted from the piezoelectric
element 12 to the surface of the sample 4. A reflected wave
reflected by the surface of the sample 4 propagates to the
piezoelectric element 12, and a voltage is generated between
the two electrodes. The encoder 11 detects the position
(position in =X direction, position in +Y direction, and
position in =7 direction) of the ultrasonic probe unit 1, and
outputs a signal indicating the position of the ultrasonic
probe unit 1 to the control device 2.

[0022] An output side of the control device 2 is connected
to the X-axis drive unit 21, the Y-axis drive unit 22, and the
Z-axis drive unit 23, and an input side of the control device
2 is connected to the position control device 3 and the
encoder 11.

[0023] The control device 2 detects the position of the
ultrasonic probe unit 1 (position in +X direction, position in
+Y direction, and position in 7 direction) based on the
signal input from the encoder 11, and outputs a signal
indicating the position of the ultrasonic probe unit 1 to the
position control device 3.

[0024] The control device 2 controls the position of the
ultrasonic probe unit 1 to the position determined by the
position control device 3. That is, the control device 2
outputs, to the X-axis drive unit 21, a control signal for
driving the ultrasonic probe unit 1 in the +X direction based
on a position signal input from the position control device 3.
The control device 2 outputs, to the Y-axis drive unit 22, a
control signal for driving the ultrasonic probe unit 1 in the
+Y direction based on the position signal input from the
position control device 3. In addition, the control device 2
outputs, to the Z-axis drive unit 23, a control signal for
driving the ultrasonic probe unit 1 in the +7 direction based
on the position signal input from the position control device
3

[0025] For example, as shown in FIG. 2, the ultrasonic
probe unit 1 moves in the +X direction by driving the X-axis
drive unit 21 in a direction of an arrow, the ultrasonic probe
unit 1 moves in the +Y direction by driving the Y-axis drive
unit 22 in a direction of an arrow, and the ultrasonic probe
unit 1 moves in the +7 direction by driving the Z-axis drive
unit 23 in a direction of an arrow.

[0026] The position control device 3 includes a scanning
control unit 31, a timing control unit 32, an oscillator 33, an
input unit 34, a processing unit 35, an image generation unit
36, and a storage unit 37.

[0027] The scanning control unit 31 outputs, to the control
device 2, the position signal for the control device 2 to
control the position of the ultrasonic probe unit 1 in the £X
direction. The scanning control unit 31 outputs, to the
control device 2, the position signal for the control device 2
to control the position of the ultrasonic probe unit 1 in the
+Y direction. In addition, the scanning control unit 31
outputs, to the control device 2, the position signal for the
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control device 2 to control the position of the ultrasonic
probe unit 1 in the +Z direction.

[0028] The scanning control unit 31 detects the position of
the ultrasonic probe unit 1 (position in =X direction, position
in =Y direction, and position in +Z direction) based on the
signal input from the control device 2, and outputs a signal
indicating the position of the ultrasonic probe unit 1 to the
timing control unit 32.

[0029] Based on the signal input from the scanning control
unit 31, the timing control unit 32 generates a timing signal
for controlling a timing at which the ultrasonic probe unit 1
transmits the ultrasonic wave to the surface of the sample 4,
and outputs the timing signal to the oscillator 33. The timing
control unit 32 generates a timing signal for controlling a
timing at which the position control device 3 receives a
reflection signal of the reflected wave reflected from the
surface of the sample 4, and outputs the timing signal to the
input unit 34. In addition, the timing control unit 32 gener-
ates a timing signal for controlling a timing at which the
processing unit 35 performs gate processing on the reflection
signal, and outputs the timing signal to the processing unit
35

[0030] The oscillator 33 transmits an impulse signal to the
ultrasonic probe unit 1 based on the timing signal input from
the timing control unit 32. Accordingly, a voltage is applied
between the two electrodes formed on the piezoelectric film,
and the ultrasonic wave is emitted from the piezoelectric
element 12 to the surface of the sample 4.

[0031] The input unit 34 includes an amplifier and an A/D
converter, and receives the reflection signal of the reflected
wave reflected from the surface of the sample 4 based on the
timing signal input from the timing control unit 32, and
outputs a reception signal to the processing unit 35. The
amplifier amplifies the reflection signal and the A/D con-
verter converts the reflection signal from an analog signal to
a digital signal.

[0032] Based on the timing signal input from the timing
control unit 32, the processing unit 35 performs gate pro-
cessing on the reflection signal, detects a displacement of the
reflected wave (for example, an amplitude information of the
reflected wave, a time information of the reflected wave, and
the like), and outputs the detection signal to the image
generation unit 36. In addition, the processing unit 35
generates a tracking gate in order to cut out the displacement
of the reflected wave in a predetermined period.

[0033] The processing unit 35 calculates a deviation (refer
to description to be described later) when the ultrasonic
probe unit 1 scans a predetermined line (for example, a third
line) of the surface of the sample 4, and stores the calculated
deviation in the storage unit 37. In addition, the processing
unit 35 determines the position of the ultrasonic probe unit
1 in a direction (+Z direction) perpendicular to the surface
of the sample 4 when the ultrasonic probe unit 1 is to scan
a next line (for example, a fourth line) of the surface of the
sample 4 such that the deviation is zero, and outputs the
position signal to the scanning control unit 31. In the present
specification, zero is not limited to being strictly zero, but
substantially zero, and includes a range of measurement
error from zero.

[0034] Detailed description of the deviation will be
described later, and the deviation is a time difference
between time (actual time) from transmitting the ultrasonic
wave to the surface of the sample until the reflected wave is
received and a reference time. In addition, the reference time



US 2020/0000431 A1

is time from transmitting the ultrasonic wave to the surface
of the sample until the reflected wave is received in a case
where a distance between the ultrasonic probe unit 1 and the
surface of the sample 4 is the same as a focal distance of the
ultrasonic probe unit 1, and is time being a reference with
respect to the actual time.

[0035] If the surface of the sample 4 is curved so as to
approach the ultrasonic probe unit 1 (if the distance between
the ultrasonic probe unit 1 and the surface of the sample 4
1s shorter than the focal distance of the ultrasonic probe unit
1), the actual time is shorter, and the deviation is a positive
value. In addition, if the surface of the sample 4 is curved so
as to be away from the ultrasonic probe unit 1 (if the distance
between the ultrasonic probe unit 1 and the surface of the
sample 4 is longer than the focal distance of the ultrasonic
probe unit 1), the actual time is longer, and the deviation is
anegative value. That is, the distance between the ultrasonic
probe unit 1 and the surface of the sample is dependent on
the deviation (time difference).

[0036] Accordingly, the processing unit 35 determines the
position of the ultrasonic probe unit 1 in the +Z direction in
accordance with a curvature of the surface of the sample 4,
and thus high-resolution image can be generated in the
ultrasonic imaging system 100.

[0037] Inaddition, a curvature of the surface of the sample
4 in a predetermined line and a curvature of the surface of
the sample 4 in a next line are considered to be substantially
equal. The processing unit 35 determines the position of the
ultrasonic probe unit 1 when scanning a next line based on
the deviation calculated for the predetermined line, which
obtains substantially the same effect as determining the
position of the ultrasonic probe unit 1 when scanning a next
two line based on the deviation calculated for the next line.
That is, substantially the same effect can be obtained as the
processing unit 35 scanning a line in which the curvature of
the surface of the sample is completely equal and determin-
ing the position of the ultrasonic probe unit. Accordingly,
position correction of the ultrasonic probe unit 1 can be
performed accurately in the ultrasonic imaging system 100.
[0038] In addition, the processing unit 35 sets measure-
ment points at predetermined time intervals, and calculates
a deviation for each measurement point.

[0039] FIGS. 3A and 3B are each a conceptual diagram in
a case where the ultrasonic probe unit 1 continuously travels
in a +X direction and measurement for calculating a devia-
tion is performed at each measurement point. FIG. 3Ais a
plan view showing a state in which the ultrasonic probe unit
1 scans the surface of the sample 4 in the +X direction when
the measurement points set at predetermined time intervals
are four points in the +X direction. FIG. 3B is a side view
showing the state in which the ultrasonic probe unit 1 scans
the surface of the sample 4 in the +X direction when the
measurement points set at predetermined time intervals are
four points in the +X direction.

[0040] X1 is a first measurement point of the predeter-
mined line (for example, the third line). P1 is a point at
which the position correction on the next line (for example,
the fourth line) is performed based on the deviation calcu-
lated at the first measurement point X1, and is a point which
is a first measurement point of the next line (for example, the
fourth line) at the same time.

[0041] X2 is a second measurement point of the predeter-
mined line (for example, the third line). P2 is a point at
which the position correction on the next line (for example,
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the fourth line) is performed based on the deviation calcu-
lated at the second measurement point X2, and is a point
which is a second measurement point, of the next line (for
example, the fourth line) at the same time.

[0042] X3 is a third measurement point of the predeter-
mined line (for example, the third line). P3 is a point at
which the position correction on the next line (for example,
the fourth line) is performed based on the deviation calcu-
lated at the third measurement point X3, and is a point which
is a third measurement point of the next line (for example,
the fourth line) at the same time.

[0043] X4 is a fourth measurement point of the predeter-
mined line (for example, the third line). P4 is a point at
which the position correction on the next line (for example,
the fourth line) is performed based on the deviation calcu-
lated at the fourth measurement point X4, and is a point
which is a fourth measurement point of the next line (for
example, the fourth line) at the same time.

[0044] For example, the processing unit 35 calculates a
deviation at the first measurement point X1 on the prede-
termined line (for example, the third line) of the surface of
the sample 4, and stores the deviation in the storage unit 37.
Then, the processing unit 35 determines the position of the
ultrasonic probe unit 1 in the +7 direction at the point P1 of
the next line (for example, the fourth line) based on the
deviation calculated at the first measurement point X1.

[0045] Similarly, for example, the processing unit 35
calculates a deviation at the second measurement point X2
on the predetermined line (for example, the third line) of the
surface of the sample 4, and stores the deviation in the
storage unit 37. Then, the processing unit 35 determines the
position of the ultrasonic probe unit 1 in the =7 direction at
the point P2 of the next line (for example, the fourth line)
based on the deviation calculated at the second measurement
point X2.

[0046] Similarly, for example, the processing unit 35
calculates a deviation at the third measurement point X3 on
the predetermined line (for example, the third line) of the
surface of the sample 4, and stores the deviation in the
storage unit 37. Then, the processing unit 35 determines the
position of the ultrasonic probe unit 1 in the =7 direction at
the point P3 of the next line (for example, the fourth line)
based on the deviation calculated at the third measurement
point X3.

[0047] Similarly, for example, the processing unit 35
calculates a deviation at the fourth measurement point X4 on
the predetermined line (for example, the third line) of the
surface of the sample 4, and stores the deviation in the
storage unit 37. Then, the processing unit 35 determines the
position of the ultrasonic probe unit 1 in the =7 direction at
the point P4 of the next line (for example, the fourth line)
based on the deviation calculated at the fourth measurement
point X4.

[0048] In other words, the processing unit 35 calculates a
deviation for each measurement point of an (n-1)-th line (for
example, the third line) set at predetermined time intervals.
In addition, the processing unit 35 determines the position of
the ultrasonic probe unit 1 in a direction (+Z direction)
perpendicular to the surface of the sample for each mea-
surement point of the n-th line (for example, the fourth line)
such that the deviation calculated at a corresponding mea-
surement point of the (n-1)-th line (for example, the third
line) is zero.
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[0049] A distance between the first measurement point X1
and the point P1 is extremely small. Therefore, for example,
determining the position of the ultrasonic probe unit 1 in the
+7 direction at the point P1 on the fourth line based on the
deviation calculated at the first measurement point X1 on the
third line can be considered to be substantially the same as
determining the position of the ultrasonic probe unit 1 in the
+7 direction at the point P1 on the fourth line based on a
deviation calculated at the point P1 on the fourth line.
Accordingly, when the ultrasonic probe unit 1 scans the
fourth line, a distance D between the ultrasonic probe unit 1
and the surface of the sample 4 can be kept constant.
[0050] Similarly, a distance between the second measure-
ment point X2 and the point P2 is extremely small. There-
fore, for example, determining the position of the ultrasonic
probe unit 1 in the +7 direction at the point P2 on the fourth
line based on the deviation calculated at the second mea-
surement point X2 on the third line can be considered to be
substantially the same as determining the position of the
ultrasonic probe unit 1 in the =7 direction at the point P2 on
the fourth line based on a deviation calculated at the point P2
on the fourth line. Accordingly, when the ultrasonic probe
unit 1 scans the fourth line, the distance D between the
ultrasonic probe unit 1 and the surface of the sample 4 can
be kept constant.

[0051] Similarly, a distance between the third measure-
ment point X3 and the point P3 is extremely small. There-
fore, for example, determining the position of the ultrasonic
probe unit 1 in the 7 direction at the point P3 on the fourth
line based on the deviation calculated at the third measure-
ment point X3 on the third line can be considered to be
substantially the same as determining the position of the
ultrasonic probe unit 1 in the =Z direction at the point P3 on
the fourth line based on a deviation calculated at the point P3
on the fourth line. Accordingly, when the ultrasonic probe
unit 1 scans the fourth line, the distance D between the
ultrasonic probe unit 1 and the surface of the sample 4 can
be kept constant.

[0052] Similarly, a distance between the fourth measure-
ment point X4 and the point P4 is extremely small. There-
fore, for example, determining the position of the ultrasonic
probe unit 1 in the +7 direction at the point P4 on the fourth
line based on the deviation calculated at the fourth measure-
ment point X4 on the third line can be considered to be
substantially the same as determining the position of the
ultrasonic probe unit 1 in the +Z direction at the point P4 on
the fourth line based on a deviation calculated at the point P4
on the fourth line. Accordingly, when the ultrasonic probe
unit 1 scans the fourth line, the distance D between the
ultrasonic probe unit 1 and the surface of the sample 4 can
be kept constant.

[0053] For the interval at which the measurement is per-
formed for calculating a deviation when the ultrasonic probe
unit 1 scans a predetermined line of the surface of the sample
4, it is possible to increase the interval at which the mea-
surement is performed at a part where the surface of the
sample 4 is less concave-convexed and the curvature is
small, and to reduce the interval at which the measurement
is performed at a part where the surface of the sample 4 is
more concave-convexed and the curvature is large. In the
part where the curvature is large, the measurement is per-
formed intensively and the deviation is calculated, so that
the position correction can be performed efficiently in the
ultrasonic imaging system 100.
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[0054] The image generation unit 36 generates an image
based on a signal input from the processing unit 35. As
described above, since the position of the ultrasonic probe
unit 1 in the =7 direction is adjusted to an appropriate
position (a position where the focal point F of the ultrasonic
probe unit 1 matches the surface of the sample 4), the image
generation unit 36 can generate an image with a high image
resolution.

[0055] The storage unit 37 stores the deviation calculated
by the processing unit 35 when the ultrasonic probe unit 1
scans the predetermined line of the surface of the sample 4.
In addition, the storage unit 37 stares the deviation used by
the processing unit 35 when the ultrasonic probe unit 1 scans
the next line of the surface of the sample 4. Therefore, the
storage unit 37 only needs to have a memory capacity that
stores deviations for at least two lines.

[0056] The storage unit 37 stores a predetermined refer-
ence time set in advance. In addition, the storage unit 37
stores a start point of the tracking gate, an end point of the
tracking gate, a point where a voltage waveform has a peak,
a point where a reference voltage waveform has a peak, and
the like.

[0057] According to the position control device 3 accord-
ing to the present embodiment, the storage unit stores the
deviation when the ultrasonic probe unit scans a predeter-
mined line of the surface of the sample, and the processing
unit determines the position of the ultrasonic probe unit
when the ultrasonic probe unit scans the next line of the
surface of the sample such that the deviation is zero.
Accordingly, the measurement time and the working cost
can be reduced.

[0058] According to the ultrasonic imaging system 100
according to the present embodiment, the ultrasonic probe
unit 1 can be adjusted to an appropriate position only by
scanning the entire sample once. Accordingly, the measure-
ment time and the working cost can be reduced. In addition,
it is possible to improve the problem in the related art that
it is necessary for the ultrasonic probe unit 1 to scan the
entire sample twice in order to observe the sample at a high
resolution.

<<Deviation Calculation>>

[0059] Next, the deviation described above will be
described with reference to FIGS. 4A, 4B and FIG. 5. FIGS.
4A and 4B are each a graph showing a relationship between
time and a displacement of the reflected wave. FIG. 4A
shows the reference voltage waveform, and FIG. 4B shows
an actually measured voltage waveform. A horizontal axis
represents time [s], and a vertical axis represents voltage
(displacement of reflected wave) [V].

[0060] The processing unit 35 generates a tracking gate G,
plots the displacement of the reflected wave in the tracking
gate G, compares the reference voltage waveform in the
tracking gate G with the actually measured voltage wave-
form in the tracking gate G, and calculates the deviation.
[0061] As shown in FIG. 4A, a time point of a start point
of the tracking gate G is set as t,[s], a time point of an end
point of the tracking gate G is set as t,[s], a time point when
the reference voltage waveform has a peak is set as t,,[s],
and time from the start point of the tracking gate G until the
reference voltage waveform has a peak is set as t,[s]
(predetermined reference time).

[0062] As shown in FIG. 4B, the time point of the start
point of the tracking gate G is set as ty[s], the time point of
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the end point of the tracking gate G is set as t,[s], a time
point when the actually measured voltage waveform has a
peak is set as t,[s], and time from the start point of the
tracking gate G until the actually measured voltage wave-
form has a peak is set as tg[s] (predetermined actual time).
[0063] The processing unit 35 calculates, a time difference
(t,~tg[s]) between the time (t ,[s]) from the start point of the
tracking gate until the reference voltage waveform has a
peak, and the time (t5[s]) from the start point of the tracking
gate until the actually measured voltage waveform has a
peak, as a deviation. That is, the processing unit 35 can
generate a tracking gate, cut out the displacement of the
reflected wave in a predetermined period, and calculate the
deviation. The tracking gate G is arbitrarily set by the
processing unit 35.

[0064] FIG. 5 is a diagram showing an operation of a gate
circuit 350 provided in the processing unit 35.

[0065] As shown in FIG. 5, the gate circuit 350 receives
waveform data in which the reflected wave is captured and
data related to the gate to perform gate processing, and
outputs the displacement of the reflected wave. The data
related to the gate includes a start timing of the gate, a width
of the gate, and a determination threshold value. The gate
circuit 350 detects the displacement of the reflected wave
exceeding the determination threshold value with respect to
the reflected wave in the gate set in advance.

<<Scan of Ultrasonic Probe Unit>>

[0066] Next, the scan performed by the ultrasonic probe
unit 1 will be described with reference to FIGS. 6A and 6B.
[0067] FIG. 6A is a plan view when the ultrasonic probe
unit 1 scans the surface of the sample 4 in the +X direction.
FIG. 6B is a side view when the ultrasonic probe unit 1 scans
the surface of the sample 4 in the £X direction.

[0068] As shown in FIG. 6A, first, the ultrasonic probe
unit 1 scans a first line of the surface of the sample in the +X
direction. The processing unit 35 calculates deviations in the
first line, and the storage unit 37 stores the deviations in the
first line. When the ultrasonic probe unit 1 scans the first line
of the surface of the sample, since the deviation for deter-
mining the position of the ultrasonic probe unit 1 in the +7
direction has not yet been calculated, the ultrasonic probe
unit 1 scans the first line of the surface of the sample without
changing the position of the ultrasonic probe unit 1 in the +7
direction.

[0069] Next, the ultrasonic probe unit 1 moves in a =Y
direction by a predetermined pitch. The pitch is an extremely
short distance (specifically, 0.01 mm or less). Therefore, a
curvature of the surface of the sample in the first line and a
curvature of the surface of the sample in a second line can
be substantially equal.

[0070] Next, the ultrasonic probe unit 1 scans the second
line of the surface of the sample in a -X direction. The
processing unit 35 determines the position of the ultrasonic
probe unit 1 in the £Z direction when the ultrasonic probe
unit 1 scans the second line of the surface of the sample in
the —X direction based on the deviations in the first line
stored in the storage unit 37. The scanning control unit 31
outputs a position signal for controlling the position of the
ultrasonic probe unit 1 in the =7 direction to the control
device 2, and the control device 2 adjusts the position of the
ultrasonic probe unit 1 in the +7 direction to an appropriate
position. The appropriate position is, as shown in FIG. 6B,
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a position where the distance D between the ultrasonic probe
unit 1 and the surface of the sample 4 is constant.

[0071] In addition, the processing unit 35 calculates the
deviations in the second line, and the storage unit 37 stores
the deviations in the second line. At this time, the storage
unit 37 stores the deviations in the first line and the devia-
tions in the second line.

[0072] Next, the ultrasonic probe unit 1 moves in the =Y
direction by a predetermined pitch. The pitch is an extremely
short distance (specifically, 0.01 mm or less). Therefore, the
curvature of the surface of the sample in the second line and
a curvature of the surface of the sample in a third line can
be substantially equal.

[0073] Next, the ultrasonic probe unit 1 scans the third line
of the surface of the sample in the +X direction. The
processing unit 35 determines the position of the ultrasonic
probe unit 1 in the +Z direction when the ultrasonic probe
unit 1 scans the third line of the surface of the sample in the
+X direction based on the deviations in the second line
stored in the storage unit 37. The scanning control unit 31
outputs a position signal for controlling the position of the
ultrasonic probe unit 1 in the =7 direction to the control
device 2, and the control device 2 adjusts the position of the
ultrasonic probe unit 1 in the +7 direction to an appropriate
position. The appropriate position is, as shown in FIG. 6B,
a position where the distance D between the ultrasonic probe
unit 1 and the surface of the sample 4 is constant.

[0074] In addition, the processing unit 35 calculates the
deviations in the third line, and the storage unit 37 stores the
deviations in the third line. At this time, the storage unit 37
may store ail of the deviations in the first line, the deviations
in the second line, and the deviations in the third line, and
may only store the deviations in the second line and the
deviations in the third line. At least two lines (the deviations
in the second line and the deviations in the third line) may
be stored.

[0075] Next, the ultrasonic probe unit 1 moves in the -Y
direction by a predetermined pitch. The pitch is an extremely
short distance (specifically, 0.01 mm or less). Therefore, the
curvature of the surface of the sample in the third line and
a curvature of the surface of the sample in a fourth line can
be substantially equal.

[0076] The ultrasonic probe unit 1 repeats the scan as
described above, and scans all lines of the surface of the
sample 4. Accordingly, an image of the surface of the sample
4 is generated.

[0077] According to the ultrasonic imaging system 100
according to the present embodiment, even for a sample with
a curved surface, only by scanning the entire sample once by
the ultrasonic probe unit, the distance D between the ultra-
sonic probe unit and the surface of the sample can be kept
constant, and an image can be generated. Accordingly, it is
possible to provide the ultrasonic imaging system 100 by
which the measurement time and the working cost are
reduced while maintaining the image resolution of the image
compared to the case in which the entire sample is scanned
twice by the ultrasonic probe unit.

[0078] In an ultrasonic imaging system in the related art,
since the ultrasonic probe unit scans the entire sample twice,
the number of mechanical processing is doubled as com-
pared with the ultrasonic imaging system 100 according to
the embodiment. Meanwhile, in the ultrasonic imaging
system 100 according to the embodiment, since the process-
ing unit determines the position of the ultrasonic probe umt
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while calculating the deviation, a processing amount of the
processing unit is doubled as compared with the ultrasonic
imaging system in the related art. However, the measure-
ment time and the working cost in a case of performing the
data processing twice are extremely small as compared with
the measurement time and the work cost in a case of
performing the scan processing twice. Therefore, as com-
pared with the ultrasonic imaging system in the related art,
the ultrasonic imaging system 100 according to the embodi-
ment can reduce the measurement time and the working cost
significantly.

<<Operation of Position Control Device>>

[0079] Next, the operation of the position control device 3
according to the embodiment of the invention will be
described with reference to FIGS. 6A, 6B and FIG. 7.
[0080] FIG. 7 is a flowchart showing the operation of the
position control device 3 according to the embodiment of the
invention.

[0081] In step S501, the processing unit 35 calculates
deviations when the ultrasonic probe unit 1 scans the first
line of the surface of the sample 4, and the storage unit 37
stores the deviations.

[0082] Instep S502, the processing unit 35 determines the
position of the ultrasonic probe unit 1 when the ultrasonic
probe unit 1 scans the second line (the n-th line) of the
surface of the sample 4 based on the deviations in the first
line ((n-1)-th line). N (n=2) is a variable indicating a line
number.

[0083] In step S503, the processing unit 35 calculates
deviations when the ultrasonic probe unit 1 scans the second
line (the n-th line) of the surface of the sample 4, and the
storage unit 37 stores the deviations.

[0084] In step S504, the processing unit 35 determines
whether the ultrasonic probe unit 1 has completed the scan
of all lines of the surface of the sample 4. If it is determined
that the ultrasonic probe unit 1 has not completed the scan
of all lines of the surface of the sample 4 (step S504—No),
the processing unit 35 performs processing of step 3505,
Meanwhile, if it is determined that the ultrasonic probe unit
1 has completed the scan of all lines of the surface of the
sample 4 (step S504—=Yes), the processing unit 35 performs
processing of step S506.

[0085] In step S505, the processing unit 35 increases the
variable n (n=2) indicating the line number by one. That is,
n is increased from 2 to 3.

[0086] Again, in step S502, the processing unit 35 deter-
mines the position of the ultrasonic probe unit 1 when the
ultrasonic probe unit 1 scans the third line (the n-th line) of
the surface of the sample 4 based on the deviations in the
second line ((n-1)-th line).

[0087] Again, in step S503, the processing unit 35 calcu-
lates deviations when the ultrasonic probe unit 1 scans the
third line (the n-th line) of the surface of the sample 4, and
the storage unit 37 stores the deviations.

[0088] Again, in step S504, the processing unit 35 deter-
mines whether the ultrasonic probe unit 1 has completed the
scan of all lines of the surface of the sample 4. If it is
determined that the ultrasonic probe unit 1 has not com-
pleted the scan of ail lines of the surface of the sample 4
(step S504—=No), the processing unit 35 performs process-
ing of step S505. Meanwhile, if it is determined that the
ultrasonic probe unit 1 has completed the scan of all lines of
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the surface of the sample 4 (step S504—Yes), the processing
unit 35 performs processing of step S506.

[0089] Again, in step S505, the processing unit 35
increases the variable n (n=2) indicating the line number by
one. That is, n is increased from 3 to 4.

[0090] The processing from steps S502 to S505 is repeated
as described above until the ultrasonic probe unit 1 com-
pleted the scan of all lines of the surface of the sample 4.
[0091] In step S506, the image generation unit 36 gener-
ates an image on the surface of the sample 4, and completes
a series of processing.

[0092] According to the position control method described
above, the measurement time and the working cost can be
reduced.

1. A position control device, comprising:

a storage unit that is configured to store a deviation in an
(n-1)-th line when an ultrasonic probe unit scans the
(n-1)-th line of a surface of a sample before the
ultrasonic probe unit moves to an n-th line, the devia-
tion being between time from transmitting an ultrasonic
wave until a reflected wave is received and a reference
time; and

a processing unit that is configured to determine a position
of the ultrasonic probe unit when the ultrasonic probe
unit scans the n-th line of the surface of the sample
based on the deviation in the (n—1)-th line, and to
calculate a deviation in the n-th line between time from
transmitting an ultrasonic wave until a reflected wave is
received and the reference time when the ultrasonic
probe unit scans the n-th line of the surface of the
sample.

2. The position control device according to claim 1,

wherein

the processing unit is configured to:

calculate the deviation for each measurement point set at
predetermined time intervals, and make the storage unit
to store the deviation.

3. The position control device according to claim 1,

wherein

the processing unit is configured to:

determine the position of the ultrasonic probe unit in a
direction perpendicular to the surface of the sample
such that the deviation is zero.

4. The position control device according to claim 1,

wherein

the processing unit is configured to:

determine the position of the ultrasonic probe unit in a
direction perpendicular to the surface of the sample for
each measurement point of the n-th line such that the
deviation in the (n-1)-th line calculated at a corre-
sponding measurement point of the (n-1)-th line is
7ero.

5. The position control device according to claim 1,

wherein

the processing unit is configured to:
generate a tracking gate, and
calculate the deviation by comparing time from a start

point of the tracking gate until a voltage waveform
has a peak, and time from the start point of the
tracking gate until a reference voltage waveform has
a peak.

6. A position control method, comprising:

a step of storing a deviation in an (n-1)-th line between
time from transmitting an ultrasonic wave until a
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reflected wave is received and a reference time when an
ultrasonic probe unit scans the (n—1)-th line of a surface
of a sample;

a step of moving the ultrasonic probe unit to an n-th line;

a step of determining a position of the ultrasonic probe
unit when the ultrasonic probe unit scans the n-th line
of the surface of the sample based on the deviation in
the (n-1)-th line; and

a step of scanning the n-th line of the surface of the sample
by the ultrasonic probe unit, and calculating a deviation
in an n-th line between time from transmitting an
ultrasonic wave until a reflected wave is received and
the reference time.

7. The position control method according to claim 6,
wherein in the step of storing the deviation, a deviation in the
(n-1)-th line is calculated for each measurement point of the
(n—1)-th line set at predetermined time intervals, and

in the step of determining a position of the ultrasonic
probe unit, the position of the ultrasonic probe unit in
a direction perpendicular to the surface of the sample is
determined for each measurement point of the n-th line
such that the deviation in the (n-1)-th line at a corre-
sponding measurement point of the (n-1)-th line is
7Zero.

8. An ultrasonic imaging system, comprising;

an ultrasonic probe unit that is configured to transmit an
ultrasonic wave to a surface of a sample and receive a
reflected wave from the surface of the sample;

a position control device that is configured to store a
deviation in an (n-1)-th line when the ultrasonic probe
unit scans the (n—1)-th line of the surface of the sample
before the ultrasonic probe unit moves to an n-th line,
the deviation being between time from transmitting an
ultrasonic wave until a reflected wave is received and
a reference time, and to determine a position of the
ultrasonic probe unit when the ultrasonic probe unit
scans the n-th line of the surface of the sample based on
the deviation in the (n-1)-th line; and

a control device that is configured to control the position
of the ultrasonic probe unit to a position determined by
the position control device,

wherein

the position control device is configured to calculate a
deviation in the n-th line between time from transmit-
ting an ultrasonic wave until a reflected wave is
received and the reference time when the n-th line is
scanned.

9. The ultrasonic imaging system according to claim 8,

wherein

the position control device is configured to:
calculate the deviation in the (n-1)-th line for each

measurement point of the (n-1)-th line set at prede-
termined time internals, and, determine the position
of the ultrasonic probe unit for each measurement
point of the n-th line corresponding to the measure-
ment points of the (n-1)-th line such that the devia-
tion in the (n-1)-th line is zero.
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10. The position control device according to claim 2,
wherein
the processing unit is configured to:
determine the position of the ultrasonic probe unit in a
direction perpendicular to the surface of the sample
such that the deviation is zero.
11. The position control device according to claim 2,
wherein
the processing unit is configured to:
determine the position of the ultrasonic probe unit in a
direction perpendicular to the surface of the sample for
each measurement point of the n-th line such that the
deviation in the (n-1)-th line calculated at a corre-
sponding measurement point of the (n-1)-th line is
7ero.
12. The position control device according to claim 2,
wherein
the processing unit is configured to:
generate a tracking gate, and
calculate the deviation by comparing time from a start
point of the tracking gate until a voltage waveform
has a peak, and time from the start point of the
tracking gate until a reference voltage waveform has
a peak.
13. The position control device according to claim 3,
wherein
the processing unit is configured to:
generate a tracking gate, and
calculate the deviation by comparing time from a start
point of the tracking gate until a voltage waveform
has a peak, and time from the start point of the
tracking gate until a reference voltage waveform has
a peak.
14. The position control device according to claim 4,
wherein
the processing unit is configured to:
generate a tracking gate, and
calculate the deviation by comparing time from a start
point of the tracking gate until a voltage waveform
has a peak, and time from the start point of the
tracking gate until a reference voltage waveform has
a peak.
15. The position control device according to claim 10,
wherein
the processing unit is configured to:
generate a tracking gate, and
calculate the deviation by comparing time from a start
point of the tracking gate until a voltage waveform
has a peak, and time from the start point of the
tracking gate until a reference voltage waveform has
a peak.
16. The position control device according to claim 11,
wherein
the processing unit is configured to:
generate a tracking gate, and
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