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DESCRIPTION
TITLE OF INVENTION

DEFECT DETECTION DEVICE AND DEFECT DETECTION METHOD

Technical Field

[0001] The invention relates to a configuration of a defect detection device performing defect
detection on an inspection target by using ultrasonic waves and a defect detection method
performing defect detection by using ultrasonic waves.

Related Art

[0002] In the manufacture of a semiconductor device, die bonding for bonding a semiconductor
die to a substrate or bonding a semiconductor die onto a semiconductor die is performed. In die
bonding, a bonding defect may occur on a bonding surface between the substrate and the
semiconductor die or a bonding surface between the semiconductor die and the semiconductor die
bonded thereupon. Therefore, the bonding state of the bonding surface between the substrate
and the semiconductor die or the bonding surface between the semiconductor dies is inspected.
[0003] Since such bonding surface cannot be directly observed from the outside, the inspection
is performed by using a scan-type acoustic microscope (e.g., see Patent Document 1), for example.
[0004] In addition, it is known that if ultrasonic vibration is applied to an inspection target in
which a defect is present, the temperature of a portion where a defect, such as a crack, is present
is higher than other portions. Based on this principle, a non-destructive inspection device which
applies ultrasonic vibration generated from an ultrasonic vibrator to the inspection target, obtains
a temperature distribution image of the surface of the inspection target by using infrared
thermography, and detects a high temperature portion as a defect is used (see, for example, Patent
Document 2).
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Patent Literature
[0005]
Patent Document 1: Japanese Patent No. S61-254834

Patent Document 2: Japanese Laid-open No. 2016-191552

SUMMARY OF INVENTION
Technical Problem
[0006] However, as the scan-type acoustic microscope recited in Patent Document 1 needs to
scan over the inspection target, the scanning device is complicated, and the inspection is time-
consuming.
[0007] In addition, the conventional inspection device recited in Patent Document 2 performs
defect inspection based on a difference in temperature rise of the inspection target due to ultrasonic
vibration. Therefore, a defect cannot be detected from the time when ultrasonic waves are
applied to the inspection target to the time when the temperature of the inspection target rises to a
level necessary for detecting a defect.
[0008] Therefore, an objective of the invention is to provide a defect inspection device capable
of detecting a defect of a bonding surface of a semiconductor die within a short time by using a
simple configuration.
Solution to Problem
[0009] A defect detection device according to the invention is a defect detection device detecting
a defect of an inspection target. The defect detection device includes: an ultrasonic vibration
device, ultrasonically vibrating the inspection target; a coherent light source, irradiating the
inspection target with coherent light; a camera, having an imaging element imaging the inspection
target irradiated with the coherent light to obtain an image; and a detection unit, detecting the

defect of the inspection target based on the image imaged by the camera. The detection unit
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detects the defect of the inspection target based on a deviation between an image when the
inspection target is static and an image when the inspection target is ultrasonically vibrated that
are obtained by the camera.

[0010] In this way, by irradiating the inspection target with the coherent light and ultrasonically
vibrating the inspection target and detecting the defect based on the deviation between the image
at the time of being static and the image at the time of ultrasonic vibration, it is not required to
perform scanning by using a camera, and defect detection can be carried out within a short time
by using a simple configuration.

[0011] In the defect detection device according to the invention, it may also be that an exposure
time when the camera images is longer than a period of ultrasonic vibration of the inspection
target, and the camera obtains an image including an interference pattern that occurs due to
interference of the coherent light reflected by a surface of the inspection target, and the detection
unit detects the defect of the inspection target based on a deviation between an image including
an interference pattern when the inspection target is static and an image including an interference
pattern when the inspection target is ultrasonically vibrated that are obtained by the camera.
[0012] When the surface of the inspection target is irradiated with the coherent light, the
interference pattern due to interference of the coherent light appears on the surface of the imaging
element of the camera through reflection. The imaging element of the camera obtains the
interference pattern as an image. Since the exposure time of the camera at the time of imaging
is longer than the vibration period of the inspection target, when the inspection target vibrates, the
camera obtains a shaken image of the interference pattern. When the image of the interference
pattern is shaken, the brightness intensity of the pixel changes as compared to the case of being
static. When a defect is inherent in the inspection target, such as a defect on the bonding surface
of a semiconductor die, the defective portion is vibrated through ultrasonic vibration. Therefore,

in the defective portion, the image of the interference pattern is shaken, and the brightness intensity
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of the pixel changes as compared to the case of being static. Accordingly, the defect of the
inspection target can be detected based on the deviation between the image including the
interference pattern at the time of being static and the image including the interference pattern at
the time of ultrasonic vibration.

[0013] In the defect detection device according to the invention, it may also be that the detection
unit specifies a vibration occurrence pixel based on the deviation, sets a region in which the
vibration occurrence pixel that is specified is densely arranged in a predetermined number or more
as a defective region, and detects the defect.

[0014] When the image of the interference pattern is shaken by the vibration due to a bonding
defect, the brightness intensity of the pixel changes as compared to the case of being static.
Therefore, a pixel in which the brightness intensity at the time of vibration changes from the
brightness intensity at the time of being static is specified as the vibration occurrence pixel, a
region in which the vibration occurrence pixel that is specified is densely arranged in a
predetermined number or more as is set s the defective region, and the defect can be detected.
[0015] In the defect detection device according to the invention, it may also be that in a case
where a predetermined number of other vibration occurrence pixels are present within a
predetermined range around the vibration occurrence pixel that is specified, the detection unit
maintains specification of the pixel as the vibration occurrence pixel, and in a case where the
predetermined number of vibration occurrence pixels are not present within the predetermined
range, the detection unit cancels the specification of the pixel as the vibration occurrence pixel.
[0016] Accordingly, the specification of the pixel actually not vibrating as the vibration
occurrence pixel due to noise is suppressed, and vibration detection can be performed more
accurately.

[0017] In the defect detection device according to the invention, it may also be that a display

displaying an image of the inspection target is included, and the detection unit displays a visualized
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image in which an expression corresponding to the vibration occurrence pixel that is specified is
included in an image of the inspection target on the display.

[0018] In this way, the portion where vibration occurs due to a defect inherent in the inspection
target can be visualized and displayed.

[0019] In the defect detection device according to the invention, it may also be that the coherent
light is laser light, and the coherent light source irradiates the inspection target with collimated
laser light of a single wavelength.

[0020] By irradiating with the collimated light of a single wavelength, the interference of laser
light appears more clearly, and the spotted pattern imaged by the camera becomes clearer.
Accordingly, vibration detection can be carried out more accurately.

[0021] The defect detection device according to the invention may include: a driving unit,
supplying high frequency power to the ultrasonic vibration device; and a control unit, adjusting a
frequency of the high frequency power supplied from the driving unit to the ultrasonic vibration
device. When the detection unit detects the defect of the inspection target, the control unit
changes the frequency of the high frequency power supplied from the driving unit to the ultrasonic
vibration device.

[0022] The frequency at which the defective portion is likely to vibrate changes depending on
the size and hardness of the inspection target, the state of the defective portion, etc. Therefore,
by changing the frequency of ultrasonic vibration to ultrasonically vibrate the inspection target at
various frequencies, the defect detection accuracy can be further facilitated.

[0023] The defect detection device according to the invention may include: a current sensor,
detecting a current of the high frequency power supplied from the driving unit to the ultrasonic
vibration device. When the frequency of the high frequency power supplied from the driving
unit to the ultrasonic vibration device is changed, the control unit adjusts a voltage of the high

frequency power supplied from the driving unit to the ultrasonic vibration device, so that the
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current detected by the current sensor falls within a predetermined range

[0024] The ultrasonic vibration device has a frequency at which the ultrasonic vibration device
itself resonates. Therefore, when the high frequency power of the resonance frequency is input
at the time of ultrasonic vibration, the impedance of the ultrasonic vibration device drops due to
resonance, the amplitude of the ultrasonic vibration device increases, and the entire inspection
target vibrates significantly. Accordingly, the amplitude of a target part may be hidden in the
amplitude of a non-target part and not detectable. Since the amplitude of the ultrasonic vibration
device is proportional to the current of the high frequency power input to the ultrasonic vibration
device, by detecting the current of the high frequency power input to the ultrasonic vibration
device by using a current sensor and adjusting the voltage of the high frequency power so that the
detected current falls within a predetermined range, the current of the high frequency power is set
within the predetermined range, and the amplitude of the ultrasonic vibrator can be set within a
predetermined range. Accordingly, that the entire inspection target vibrates significantly at the
time of ultrasonic vibration and the amplitude of the target part is hidden in the amplitude of the
non-target part can be suppressed, and the defect of the target part of the inspection target can be
detected accurately.

[0025] In the defect detection device according to the invention, it may also be that the control
unit includes a map in which a change of a voltage of the high frequency power supplied from the
driving unit to the ultrasonic vibration device with respect to the frequency of the high frequency
power supplied from the driving unit to the ultrasonic vibration device is defined in advance, so
that a current of the high frequency power supplied from the driving unit to the ultrasonic vibration
device falls within a predetermined range, and when the frequency of the high frequency power
supplied from the driving unit to the ultrasonic vibration device is changed, the voltage of the high
frequency power supplied from the driving unit to the ultrasonic vibration device is adjusted based

on the map.
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[0026] Accordingly, it is not required to adjust the voltage of the high frequency power by
feeding back the current detected by the current sensor. By using a simple configuration, that
the entire inspection target vibrates significantly at the time of ultrasonic vibration and the
amplitude of the target part is hidden in the amplitude of the non-target part can be suppressed,
and the defect of the target part of the inspection target can be detected accurately.

[0027] Inthe defect detection device according to the invention, it may also be that the ultrasonic
vibration device is an ultrasonic speaker arranged on a periphery of the inspection target or an
ultrasonic vibrator connected with the inspection target and ultrasonically vibrates the inspection
target.

[0028] Accordingly, a suitable ultrasonic vibration device can be selected based on the size, the
type, etc., of the inspection target can be selected to configure the defect detection device.

[0029] Inthe defect detection device according to the invention, it may also be that the ultrasonic
vibration device is formed by a plurality of ultrasonic speakers that are directive and disposed on
a periphery of the inspection target, the ultrasonic speakers are installed to a casing, so as to
concentrate a plurality of ultrasonic waves generated by the respective ultrasonic speakers on the
inspection target.

[0030] In this way, since the ultrasonic waves from the ultrasonic speakers are concentrated on
the inspection target to indirectly ultrasonically vibrate the inspection target and detect the defect,
compared with the case where ultrasonic vibration is directly applied to the inspection target,
defect detection can be carried out by using a simple configuration. In addition, since the
inspection target is ultrasonically vibrated indirectly, the defect of the inspection target can be
detected in a non-contact manner.

[0031] The defect detection device according to the invention may include: a plurality of driving
units, respectively supplying high frequency power to the ultrasonic speakers; and a control unit,

adjusting a frequency of the high frequency power supplied from the driving unit to the ultrasonic
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vibration device. When the detection unit detects the defect of the inspection target, the control
unit changes the frequency of the high frequency power supplied from each of the driving units to
each of the ultrasonic speakers.

[0032] At the time when the inspection target is ultrasonically vibrated by the ultrasonic
speakers as well, by changing the frequency of ultrasonic vibration to ultrasonically vibrate the
inspection target at various frequencies, the defect detection accuracy can be further facilitated.
[0033] The defect detection device according to the invention may include: a current sensor,
each detecting a current of the high frequency power supplied from each of the driving units to
each of the ultrasonic speakers. When the frequency of the high frequency power supplied from
each of the driving units to each of the ultrasonic speakers is changed, the control unit adjusts a
voltage of the high frequency power supplied from each of the driving units to each of the
ultrasonic speakers, so that the current detected by each of the current sensors falls within a
predetermined range.

[0034] Accordingly, at the time when the inspection target is ultrasonically vibrated by the
ultrasonic speakers as well, the defect of the target part of the inspection target can be accurately
detected.

[0035] In the defect detection device according to the invention, it may also be that the control
unit includes a map in which a change of a voltage of the high frequency power supplied from
each of the driving units to each of the ultrasonic speakers with respect to the frequency of the
high frequency power supplied from each of the driving units to each of the ultrasonic speakers is
defined in advance, so that a current of the high frequency power supplied from each of the driving
units to each of the ultrasonic speakers each falls within a predetermined range, and when the
frequency of the high frequency power supplied from each of the driving units to each of the
ultrasonic speakers is changed, the voltage of the high frequency power supplied from each of the

driving units to each of the ultrasonic speakers is adjusted based on the map.
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[0036] Accordingly, at the time when the inspection target is ultrasonically vibrated by the
ultrasonic speakers as well, the defect of the target part of the inspection target can be accurately
detected by using a simple configuration.

[0037] In the defect detection device according to the invention, it may also be that the control
unit respectively adjusts each phase of each of the ultrasonic waves generated by each of the
ultrasonic speakers by using each of the driving units.

[0038] Accordingly, at the time when the inspection target is ultrasonically vibrated by the
ultrasonic speakers, the respective ultrasonic waves are superimposed to increase the ultrasonic
vibration in the inspection region, and the inspection target can be ultrasonically vibrated
effectively.

[0039] A defect detection method according to the invention is a defect detection method for
detecting a defect of an inspection target. The defect detection method includes: a static image
obtaining step, irradiating the inspection target with coherent light, imaging the inspection target
by using a camera, and obtaining an image when the inspection target is static; an ultrasonically
vibrated image obtaining step, ultrasonically vibrating the inspection target by using an ultrasonic
vibration device while irradiating the inspection target with the coherent light, imaging the
inspection target by using the camera, and obtaining an image when the inspection target is
ultrasonically vibrated; and a defect detection step, detecting the defect of the inspection target
based on a deviation between the image when the inspection target is static and the image when
the inspection target is ultrasonically vibrated that are obtained by the camera.

[0040] In the defect detection method according to the invention, it may also be that in the static
image obtaining step, an image including an interference pattern at a time of being static generated
through interference of the coherent light reflected by a surface of the inspection target is obtained
by using the camera, in the ultrasonically vibrated image obtaining step, an exposure time of the

camera is set longer than a period of ultrasonic vibration of the inspection target, and an image
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including an interference pattern at a time of ultrasonic vibration generated through interference
of the coherent light reflected by the surface of the inspection target is obtained by using the
camera, and the detection unit detects the defect of the inspection target based on a deviation
between an image including an interference pattern when the inspection target is static and an
image including an interference pattern when the inspection target is ultrasonically vibrated that
are obtained by the camera.

[0041] Inthe defect detection method according to the invention, it may also be that in the defect
detection step, a vibration occurrence pixel is specified based on the deviation, a region in which
the vibration occurrence pixel that is specified is densely arranged in a predetermined number or
more is set as a defective region, and the defect is detected.

[0042] Inthe defect detection method according to the invention, it may also be that in the defect
detection step, in a case where a predetermined number of other vibration occurrence pixels are
present within a predetermined range around the vibration occurrence pixel that is specified,
specification of the pixel as the vibration occurrence pixel is maintained, and in a case where the
predetermined number of vibration occurrence pixels are not present within the predetermined
range, the specification of the pixel as the vibration occurrence pixel is canceled.

[0043] The defect detection method according to the invention may include a display step,
displaying a visualized image in which an expression corresponding to the vibration occurrence
pixel that is specified is included in an image of the inspection target on a display.

[0044] A vibration detection device according to the invention is a vibration detection device
detecting vibration of an inspection target. The vibration detection device includes: an ultrasonic
vibration device, ultrasonically vibrating the inspection target; a coherent light source, irradiating
the inspection target with coherent light; a camera, having an imaging element imaging the
inspection target irradiated with the coherent light to obtain an image; and a detection unit,

processing the image obtained by the camera and specifying a vibration occurrence location. An
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exposure time when the camera images is longer than a period of ultrasonic vibration of the
inspection target, and the camera obtains an image including an interference pattern that occurs
due to interference of the coherent light reflected by a surface of the inspection target, and the
detection unit specifies the vibration occurrence location of the inspection target based on a
deviation between an image including an interference pattern when the inspection target is static
and an image including an interference pattern when the inspection target is ultrasonically vibrated
that are obtained by the camera.

[0045] The vibration detection device according to the invention may include a display
displaying an image of the inspection target is included. The detection unit specifics a vibration
occurrence pixel indicating the vibration occurrence location based on the deviation, and displays
a visualized image in which an expression corresponding to the vibration occurrence pixel that is
specified is comprised in an image of the inspection target on the display

Effects of Invention

[0046] The invention is capable of providing a defect detection device capable of detecting a
defect of the bonding surface of a semiconductor die within a short time by using a simple

configuration.

BRIEF DESCRIPTION OF DRAWINGS
[0047]
FIG. 1 is an elevation view illustrating a configuration of a defect detection device according to
an embodiment.
FIG. 2 is a schematic view illustrating a state in which collimated laser light reflected by a surface
of a semiconductor die enters an imaging element of a camera when a semiconductor device is
static and not ultrasonically vibrated.

FIG. 3 is a schematic view illustrating an image imaged by the camera in the state of FIG. 2.
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FIG. 4 is a schematic view illustrating vibration of a defective bonding part when the
semiconductor device is ultrasonically vibrated.

FIG. 5 is a schematic view illustrating a state in which the vibration of the collimated laser light
reflected by the surface of the semiconductor die and the reflected laser light enter the imaging
element of the camera when the semiconductor device is ultrasonically vibrated and the defective
bonding part vibrates.

FIG. 6 is a schematic view illustrating an image imaged by the camera in the state of FIG. 5.
FIG. 7 is a schematic view illustrating a pixel of the imaging element of the camera.

FIG. 8 is a schematic view illustrating a visualized image displayed on a display.

FIG. 9 is a flowchart illustrating an operation of the defect detection device shown in FIG. 1.
FIG. 10 is a flowchart illustrating an operation of the defect detection device shown in FIG. 1 for
specifying a vibration occurrence pixel.

FIG. 11 is an elevation view illustrating a configuration of a defect detection device according to
another embodiment.

FIG. 12 is a system diagram illustrating a configuration the defect detection device of another
embodiment which ultrasonically vibrates a semiconductor device by using an ultrasonic vibrator.
FIG. 13 is a diagram illustrating a change of an impedance of an ultrasonic vibrator and a change
of a current of high frequency power with respect to a frequency of the high frequency power in a
case where a voltage of the high frequency power supplied to the ultrasonic vibrator is constant in
the conventional art.

FIG. 14 is a diagram illustrating changes of a voltage and a current of the high frequency power
in a case where the voltage of the high frequency power supplied to the ultrasonic vibrator is
changed, so that a current detected by a current sensor is constant in the defect detection device
according to the embodiment shown in FIG. 12.

FIG. 15 is a flowchart illustrating an operation of the defect detection device shown in FIG. 12.
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FIG. 16 is a diagram illustrating a diagram of a map in which the change of the voltage of the high
frequency power with respect to the frequency of the high frequency power is defined in advance,
so that the current of the high frequency power supplied to the ultrasonic vibrator is constant in
the defect detection device according to the embodiment shown in FIG. 12.

FIG. 17 is a diagram illustrating a diagram of another map in which the change of the voltage of
the high frequency power with respect to the frequency of the high frequency power is defined in
advance, so that the current of the high frequency power supplied to the ultrasonic vibrator is
within a predetermined range in the defect detection device according to the embodiment shown
in FIG. 12.

FIG. 18 is a view illustrating a configuration of a defect detection device according to another

embodiment.

DESCRIPTION OF EMBODIMENTS

[0048] <Configuration of defect detection device>

In the following, a defect detection device 100 of the embodiment is described with reference to
the drawings. As shown in FIG. 1, the defect detection device 100 includes a stage 10, an
acoustic head 20, a laser light source 30, a camera 40, a control unit 50, and a detection unit 55.
A direction perpendicular to the paper surface of FIG. 1 is set as X-direction, a direction orthogonal
to X-direction on a horizontal plane is set as Y-direction, and an upper-lower direction is set as Z-
direction. FIG. 1 shows five ultrasonic speakers 21 installed to a casing 22 of the acoustic head
20. Inthe case where the respective ultrasonic speakers 21 are not distinguished from each other,
the ultrasonic speakers are referred to as ultrasonic speakers 21, and in the case where the
respective ultrasonic speakers 21 are distinguished from each other, the ultrasonic speakers are
referred to as ultrasonic speakers 211 to 215.

[0049] The stage 10 is installed to a base not shown herein. The stage 10 sucks and holds a
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semiconductor device 13 that is an inspection target on a holding surface 10a on the upper side.
The semiconductor device 13, for example, may be formed by a substrate 11 and a semiconductor
die 12 installed onto the substrate 11 by using an adhesive, may be a device in which the
semiconductor die 12 is mounted, by flip-chip bonding, onto the substrate 11, and may also be a
device in which multiple semiconductor dies 12 are laminated onto the substrate 11 through direct
bonding.

[0050] In the example shown in FIG. 1, the semiconductor device 13 is formed by bonding the
semiconductor die 12 onto the substrate 11 by using an adhesive. Therefore, a gap 90 (see FIG.
4) due to a bonding defect intervenes between the upper surface of the substrate 11 and the lower
surface of the semiconductor die 12. In the following description, a portion on the gap 90 of the
semiconductor die 12 is referred to as a defective part 14.

[0051] The acoustic head 20 is disposed to be spaced apart from the stage 10 above the side of
the holding surface 10a of the stage 10. The acoustic head 20 is formed by the casing 22 and the
ultrasonic speakers 21 installed to the casing 22. The casing 22 of the acoustic head 20 is
suspended by a rod 29a from a slider 29 movable in Y-direction and installed to a guide rail 28
provided on the stage 10.

[0052] The casing 22 of the acoustic head 20 is spherical, dome-shaped and open to the lower
stage side. A spherical center 26 of a spherical surface formed by the casing 22 is located on a
surface 15 of the semiconductor device 13 held on the holding surface 10a of the stage 10. The
ultrasonic speaker 21 is a directive ultrasonic wave generator, and generates an ultrasonic wave
24 so that the ultrasonic wave 24 propagates within a range of a directive angle 6 with an axis 21a
as the center in the direction of the axis 21a. A frequency f of the ultrasonic wave 24 ranges from
tens of kHz to hundreds of kHz. The ultrasonic speakers 21 are installed to the casing 22, so that
the respective axes 21a intersect with each other at the spherical center 26 of the spherical surface

of the casing 22. Therefore, the ultrasonic waves 24 respectively generated from the ultrasonic
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speakers 21 are concentrated on the surface 15 of the semiconductor device 13 held on the holding
surface 10a and located at the spherical center 26. A region where the ultrasonic waves 24 are
concentrated is a detection region 27 for performing defect detection. As shown in FIG. 1, the
size of the detection region 27 is greater than the size of the semiconductor die 12, and the
semiconductor die 12 and the substrate 11 are ultrasonically vibrated. The ultrasonic speakers
21 form an ultrasonic vibration device.

[0053] A driving unit 23 driving each of the ultrasonic speakers 21 is connected to each of the
ultrasonic speakers 21. Each driving unit 23 supplies high frequency power to each of the
ultrasonic speakers 211 to 215 to drive each of the ultrasonic speakers 211 to 215. In addition,
each driving unit 23 is able to adjust each phase of each ultrasonic wave 24 generated by each of
the ultrasonic speakers 211 to 215 that is connected to each driving unit 23.

[0054] The driving unit 23 driving each of the ultrasonic speakers 21 is connected to the control
unit 50 to perform driving in accordance with a command of the control unit 50. The control
unit 50 is a computer including a CPU 51 that is a processor internally performing information
processing and a storage unit 52 storing a control program and control data.

[0055] The laser light source 30 converts laser light of a single wavelength that is output from
a laser oscillator into collimated laser light 32 by using a beam expander, and irradiates the
semiconductor device 13 with the collimated laser light 32 of a single wavelength. In the
example shown in FIG. 1, the laser light source 30 is installed to the casing 22 of the acoustic head
20, so that an optical axis 31 is inclined with respect to the stage 10 to pass through the spherical
center 26. That is, the laser light source 30 is installed to the casing 22, so as to irradiate the
detection region 27 of the surface 15 of the semiconductor device 13 with the collimated laser
light 32 from an obliquely upper part. The collimated laser light 32 is coherent light with high
coherence, and the laser light source 30 is a coherent light source that emits coherent light. The

laser light source 30 may also omit the beam expander.
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[0056] The camera 40 includes an imaging element 42 formed by multiple pixels 46 (see FIG.
7), and images a two-dimensional image of the semiconductor device 13 irradiated with the
collimated laser light 32. In the embodiment shown in FIG. 1, the camera 40 is installed to the
casing 22, so that an optical axis 41 passes through the spherical center 26 vertically with respect
to the stage 10. Accordingly, in the embodiment shown in FIG. 1, the camera 40 is installed to
the casing 22, so as to image the detection region 27 of the surface 15 of the semiconductor device
13 from the right above.

[0057] The camera 40 may also be obliquely inclined to be installed to the casing 22, without
being right above the detection region 27, if the camera 40 is at a position able to capture an image
of the semiconductor device 13 irradiated with the collimated laser light 32 from the laser light
source 30. In addition, the camera 40 may capture a motion image or a static image.

[0058] The laser light source 30 and the camera 40 are connected to the detection unit 55. The
detection unit 55 processes the two-dimensional image imaged by the camera 40, and detects the
defective region 91 (see FIG. 8). The detection unit 55 is a computer including a CPU 56 that is
a processor internally performing information processing, a storage unit 57, storing a control
program and control data, and a display 58 displaying a visualized image 12e (see FIG. 10). In
addition, the detection unit 55 is connected with the control unit 50 and transmits and receives
data.

[0059] <Principle of defect detection operation using defect detection device>

In the following, the principle of a defect detection operation of the defect detection device 10 is
described with reference to FIGs. 2 to 8.

[0060] Asshown in FIG. 2, the surface 15 of the semiconductor die 12 bonded onto the substrate
11 has fine unevenness. Therefore, when the surface 15 of the semiconductor die 12 is irradiated
with collimated laser light 32 in a static state in which the semiconductor device 13 is not

ultrasonically vibrated, the collimated laser light 32 is reflected in random directions by the surface
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15 of the semiconductor die 12. Reflected laser light 33 reflected in random directions interferes
with each other, and an interference pattern of the reflected laser light 33 appears on the surface
of the imaging element 42 of the camera 40.

[0061] The interference pattern has a bright portion where light is strengthened and a dark
portion where light is weakened. Therefore, as shown in FIG. 3, the imaging element 42 of the
camera 40 obtains the interference pattern as an image 12a that is a spotted pattern formed by
multiple bright parts 16 and dark parts 17 present on the surface of the image of the semiconductor
die 12.

[0062] Accordingly, when the camera 40 images the semiconductor die 12, the camera 40
obtains the image 12a of the semiconductor die 12 of a spotted pattern, as shown in a visual field
43 of FIG. 3. The image 12a is an image including the interference pattern when the
semiconductor die 12 is static. In addition, the defective part 14 is not ultrasonically vibrated at
the time when the semiconductor die 12 is static. Therefore, the camera 40 obtains an image of
the interference pattern same as other portions as an image 14a of the interference pattern of the
defective part 14.

[0063] Then, as shown in FIG. 4, each of the ultrasonic speakers 21 is driven by each of the
driving units 23 to generate the ultrasonic wave 24 of the predetermined frequency f from each of
the ultrasonic speakers 21. The ultrasonic waves 24 generated from the respective ultrasonic
speakers 21 intersect with each other and are concentrated and superimposed with each other in
the detection region 27 in the vicinity of the spherical center 26 of the casing 22, and ultrasonically
vibrate the semiconductor device 13 formed by the substrate 11 and the semiconductor die 12.
[0064] The defective part 14 in which the gap 90, which is a defect between the substrate 11
and the semiconductor die 12, is present vibrates significantly with respect to the substrate 11, as
indicated by an arrow 95 in FIG. 4. Meanwhile, portions that are other than the defective part 14

and favorably bonded to the substrate 11 of the semiconductor 12 hardly vibrate with respect to
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the substrate 11.

[0065] When the defective part 14 of the semiconductor die 12 is vibrated through ultrasonic
vibration, the surface 15 of the semiconductor die 12 vibrates as indicated by an arrow 96 shown
in FIG. 5. Accordingly, the light path of the reflected laser light 33 reflected by the surface 15
of the defective part 14 of the semiconductor die 12 is shaken, as indicated by an arrow 97, between
a light path 34a and a light path 34b shown in FIG. 5. The shaking of the light path occurs at a
vibration period same as the ultrasonic vibration of the semiconductor die 12.

[0066] With the shaking of the light paths 34a and 34b, the image 14a of the defective part 14
of the semiconductor die 12 with the spotted pattern on the imaging element 42 described with
reference to FIG. 3, becomes an image 14b shaken as indicated by an arrow 98 shown in FIG. 6.
Here, if the image of the semiconductor die 12 is captured with an exposure time of the camera 40
longer than the vibration period of the ultrasonic vibration of the semiconductor die 12, the camera
40 obtains the image 14b with the shaken spotted pattern as shown in FIG. 6 as the image of the
interference pattern of the defective part 14.

[0067] Meanwhile, portions other than the defective part 14 of the semiconductor die 12 and
favorably bonded to the semiconductor die 12 of the substrate 11 are hardly vibrated with respect
to the substrate 11. Therefore, the image 12a of the portions other than the defective part 14 of
the semiconductor die 12 with the spotted pattern on the imaging element 42 is not shaken.
Therefore, the camera 40 obtains the image 12a of the spotted pattern that is not shaken as
described with reference to FIG. 3 as the image of the interference pattern of the portions other
than the defective part 14.

[0068] In the defective part 14 where the image 14b of the interference pattern is shaken during
exposure, the brightness intensity of the pixels 46 of the imaging element 42 changes as compared
to the brightness intensity of the image 14a of the interference pattern in the static state without

ultrasonic vibration or a non-vibrating state. ~ As an example, the brightness intensity of the pixels
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46 in the defective part 14 in which the image 14b of the interference pattern is shaken is greater
than that of the image 14a of the interference pattern at the time of non-vibration.

[0069] Meanwhile, in the portions other than the defective part, in which the image 12a of the
interference pattern is not shaken during exposure even with ultrasonic vibration, the image 12a
of the interference pattern is not shaken like the image 12a of the interference pattern when the
semiconductor die 12 is in the static state or the non-vibrating state. Therefore, in the portions
other than the defective part 14, the brightness intensity of the pixels 46 of the imaging element
42 is substantially the same as the brightness intensity in the static state where the semiconductor
die 12 is not ultrasonically vibrated or in the non-vibrating state.

[0070] The detection unit 55, as shown in FIG. 7, specifies a pixel 46 in which the brightness
intensity during ultrasonic vibration changes from the brightness intensity at the time of being
static without ultrasonic vibration or at the time of non-vibration as a vibration occurrence pixel
47, and detects a region including the specified vibration occurrence pixel 47 as the defective
region 91 as shown in FIG. 8.

[0071] In addition, as shown in FIG. 8, the detection unit 55 displays the visualized image 12e
on the display 58. In the visualized image 12e, an expression 18 corresponding to the vibration
occurrence pixel 47 that is specified is included in the image of the semiconductor die 12.
Accordingly, whether the defective part 14 is present can be determined from the display of the
display 58.

[0072] <Details of defect detection operation using defect detection device>

<l. Static image obtaining step and Ultrasonically vibrated image obtaining step>

In the following, the details of the operation of the defect detection device 100 of the embodiment
is described with reference to FIGs. 9 and 10.

[0073] As shown in Step S101 of FIG. 9, the CPU 56 of the detection unit 55 outputs an

irradiation command of the collimated laser light 32 to the laser light source 30. According to
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the command, the laser light source 30 irradiates the collimated laser light 32 toward the
semiconductor die 12 of the semiconductor device 13.

[0074] When the irradiation of the collimated laser light 32 starts, the CPU 56 of the detection
unit 55 proceeds to Step S102 of FIG. 9 and, as shown in FIGs. 2 and 3, obtains the images 12a,
14a including the interference pattern generated through the interference of the reflected laser light
33 reflected by the surface 15 of the semiconductor die 12 by using the camera 40 (static image
obtaining step).

[0075] The CPU 56 proceeds to Step S103 of Step 9, and stores the images 12a, 14a including
the obtained interference pattern in the storage unit 57.

[0076] The CPU 56 of the detection unit 55 proceeds to Step S104 of FIG. 9, and outputs a
signal for starting driving the ultrasonic speaker 21 to the control unit 50. When the signal is
input, the CPU 51 of the control unit 50 outputs the command for starting driving the ultrasonic
speaker 21 to each driving unit 23. In accordance with the command, each driving unit 23 drives
the ultrasonic speaker 21 and generates the ultrasonic wave 24 of the predetermined frequency f
from each ultrasonic speaker 21. Each ultrasonic speaker 21 is directive, and propagates within
a range of the directive angle 0 with the axis 21a as the center in the direction of each axis 21a.
Since the respective ultrasonic speakers 21 are installed to the casing 22 so that the respective axes
21a intersect with each other at the spherical center 26 of the casing 22, the ultrasonic waves 24
generated from the respective ultrasonic speakers 21 intersect with each other, and are
concentrated and superimposed with each other in the vicinity of the spherical center 26 of the
casing 22.

[0077] The CPU 51 of the control unit 50 adjusts the respective phases of the respective
ultrasonic speakers 21 by using the respective driving units 23, so that the amplitude of the
ultrasonic vibration in the vicinity of the spherical center 26 increases through superimposing of

the ultrasonic waves 24. As an example, the phases of the ultrasonic waves 24 generated by the
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ultrasonic speakers 211, 215 located at symmetric positions with respect to the spherical center 26
are shifted by 180 degrees. In addition, as another example, the CPU 51 may make adjustment
so that the phases of the respective ultrasonic waves 24 generated by the respective ultrasonic
speakers 211 to 215 are dispersed by using the driving units 23. Accordingly, the amplitude of
the ultrasonic vibration of the detection region 27 which is the range in which the ultrasonic waves
24 in the vicinity of the spherical center 26 are concentrated can be increased.

[0078] In this way, the CPU 51 of the control unit 50 generates the ultrasonic waves 24 from
the ultrasonic speakers 21 by using the driving units 23 and ultrasonically vibrates the
semiconductor device 13 formed by the substrate 11 and the semiconductor die 12.

[0079] When the semiconductor device 13 is ultrasonically vibrated, in the defective part 14 in
which the gap 90, which is a defect between the substrate 11 and the semiconductor die 12, is
present, the semiconductor die 12 vibrates significantly with respect to the substrate 11, as
indicated by the arrow 95 in FIG. 4.

[0080] When the ultrasonic vibration is started by using the ultrasonic speakers 21, the CPU 51
of the control unit 50 outputs a signal indicating ultrasonic vibration is being carried out and the
frequency f of ultrasonic vibration to the detection unit 55. When the signal is input, at Step
S105 of FIG. 9, the CPU 56 of the detection unit 55 sets the exposure time of the camera 40 to be
longer than the period of ultrasonic vibration, and obtains the images 12a, 14a including the
interference pattern at the time of ultrasonic vibration by using the camera 40 as described with
reference to FIG. 6.

[0081] Ifthe image of the semiconductor die 12 is captured with the exposure time of the camera
40 longer than the vibration period of the ultrasonic vibration of the semiconductor die 12, the
camera 40 obtains the image 14b with the shaken spotted pattern as shown in FIG. 6 as the image
of the interference pattern of the defective part 14. In addition, the image 12a of the spotted

pattern that is not shaken as described with reference to FIG. 3 is obtained as the image of the
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interference pattern of the portions other than the defective part 14 (ultrasonically vibrated image
obtaining step).

[0082] When obtaining the images 12a, 14b including the interference pattern by using the
camera 40, the CPU 56 of the detection unit 55 proceeds to Step S106 of FIG. 9 and stores the
images 12a, 14b in the storage unit 57.

[0083] <2. Defect detection step>

<a. Specification of vibration occurrence pixel>

In Step S107 of FIG. 9, the CPU 56 of the detection unit 55 reads the images 12a, 14a including
the interference pattern when the semiconductor die 12 is static and the images 12a, 14b including
the interference pattern when the semiconductor die 12 is ultrasonically vibrated from the storage
unit 57, and executes Step S201 to S201 of FIG. 10 to specify the vibration occurrence pixel 47
based on the deviation between the images 12a, 14a including the interference pattern at the time
of being static and the images 12a, 14b including the interference pattern at the time of ultrasonic
vibration.

[0084] In the following, details of the operation for specifying the vibration occurrence pixel 47
are described with reference to FIGs. 7 and 10. The CPU 56 of the detection unit 55 specifies a
pixel 46 in which the brightness intensity during ultrasonic vibration changes from the brightness
intensity at the time of being static without ultrasonic vibration or at the time of non-vibration as
the vibration occurrence pixel 47.

[0085] As shown in FIG. 7, the CPU 56 of the detection unit 55 performs a process as described
below for each pixel 46 of an image frame 45 which is a region of a two-dimensional image of the
visual field 43 on which an image process is performed once, and specifies the vibration
occurrence pixel 47. In the following description, the coordinates (X, y) following a reference
symbol indicate the coordinates (X, y) of the two-dimensional image frame 45. For example, the

pixel 46 (x, y) indicates the pixel 46 whose coordinates are (X, y).
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[0086] As shown in Step S201 of FIG. 10, the CPU 56 of the detection unit 55 reads an image
frame 45v at the time of ultrasonic vibration and an image frame 45s at the time of being static
from the two-dimensional image at the time of ultrasonic vibration and the two-dimensional image
at the time of being static or non-vibration that are obtained from the camera 40 and stored in the
storage unit 57.

[0087] As shown in Step S202 of FIG. 10, the CPU 56 calculates an average value la (X, y)
between a brightness intensity Iv (x, y) at the time of ultrasonic vibration and a brightness intensity
Is (x, y) at the time of being static for each pixel 46 (x, y).

Average value la (x, y) = [Iv(x, y)+Is(x, y)]/2

[0088] As shown in Step S203 of FIG. 10, the CPU 56 calculates, as an absolute deviation
average value, an average value of the absolute values of the deviations between the brightness
intensities Iv (X, y) at the time of ultrasonic vibration and the average value la (x, y) for the
respective pixels 46 (X, y) in the image frame 45.

Absolute deviation average value =

Average value of |Iv (X, y) - Ia (X, y) |in the image frame 45

[0089] As shown in Step S204 of FIG. 10, the CPU 56 calculates a value Nlave (x, y) of 4%
power of the normalized pixel intensity according to (Formula 1) below.

Nlave (x,y) =

[[Tv(x, y) - Ia(x, y)|/ absolute deviation average value]* (Formula 1)

[0090] As shown in Step S205 of FIG. 10, in the case where Nlave (x, y) is 1 or more, the CPU
56 determines that the change of the brightness intensity of the pixel 46 (x, y) is significant,
proceeds to Step S206 of FIG. 10 to specify the pixel 46 (x, y) as the vibration occurrence pixel
47 (x,y), and proceeds to Step S207. In Step S207, in the case of determining that not all of the
pixels 46 (x, y) in the image frame 45 are processed, the CPU 56 returns to Step S204 and process

the next pixel 46 (x, y). Meanwhile, in the case where NO is determined in Step S205 of FIG.
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10, the CPU 56 returns to Step S204 and process the next pixel 46 (x,y). After Nlave (x, y) of
all the pixels 46 (x, y) in the image frame 45 are calculated, and the vibration occurrence pixel 47
(X, y) is determined in the image frame 45, the CPU 56 determines YES in Step S207 and proceeds
to Step 208 of FIG. 10.

[0091] In Step S208 of FIG. 10, the CPU 56 confirms whether a predetermined number of other
vibration occurrence pixels 47 (x1, yl) are present within a predetermined range around one
vibration occurrence pixel 47 (x,y). For example, it may also be that, as the predetermined range,
a square-shaped array 48 of 5x5 pixels 46 with the vibration occurrence pixel 47 (x, y) as the
center is set, and whether 7 to 8 other vibration occurrence pixels 47 (x1, yl) are present in the
array 48 is determined. In addition, in the case where YES is determined in Step S208 of FIG.
10, the change of the brightness intensity of the pixel 46 (x, y) is determined as due to ultrasonic
vibration, and the CPU 56 proceeds to Step S209 of FIG. 10 to maintain the specification of the
pixel 46 (x, y) as the vibration occurrence pixel 47 (X, y).

[0092] Meanwhile, in the case where there are no 7 to 8 other vibration generation pixels 47
(x1, y1) in the array 48, the CPU 56 determines that the change of the brightness intensity of the
pixel 46 (x, y) is not due to ultrasonic vibration, and the process proceeds to Step S210 to cancel
the specification of the pixel 46 (x, y) as the vibration occurrence pixel 47 (X, y).

[0093] In addition, the CPU 56 confirms the specification of the vibration occurrence pixel 47
(X, y). The CPU 56 performs the above process on each image frame 45, and confirms the
specification of the vibration occurrence pixel 47 (X, y) for all the pixels 46 (x, y) of the imaging
element 42.

[0094] <b. Defect detection>

If the CPU 56 executes Step S107 of FIG. 9 and Steps S201 to S210 of FIG. 10 to specify the
vibration occurrence pixel 47, the CPU 56 of the detection unit 55 proceeds to Step S108 of FIG.

9, and sets, as the defective region 91, a region in which the vibration occurrence pixel 47 specified
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in Step S107 of FIG. 9 is densely arranged in a predetermined number or more in the imaging
element 42.

[0095] Various processes are available as the process for setting the defective region 91. For
example, it may also be that the array 48 is set as a vibration occurrence array in the case where
the number of vibration occurrence pixels 47 in the square-shaped array 48 of 5x5 pixels 46
described with reference to FIG. 7 is equal to or greater than a predetermined value, and a region
with consecutive vibration occurrence arrays are set as the defective region 91. At this time, the
predetermined value may be determined through testing, etc. For example, the predetermined
value may be set as a half of the number of the pixels 46 included in the array 48, or the
predetermined value may be set between 30% to 70% . In addition, the pixels 46 included in the
array 48 may be in the number of 5x5 = 25 as described above, and may also be in the number of
100 x 100 = 10000.

[0096] In addition, it may also be that a region in which a consecutive length or area of the
vibration occurrence arrays is equal to or greater than a predetermined threshold is set as the
defective region 91, and in the case where the consecutive length or area of the vibration
occurrence arrays is less than the predetermined threshold, the region is not set as the defective
region 91. The predetermined threshold may be set in accordance with a comparative test, etc.,
between a good product and an inferior product. For example, the predetermined threshold may
also be set as a length obtained by increasing a consecutive length of the vibration occurrence
arrays present in a good product. For example, in the case of a semiconductor die 12 as a good
product has consecutive vibration occurrence arrays of about 0.05 mm, the predetermined
threshold may be set, for example, from 0.08 mm to 0.1 mm.

[0097] Also, the predetermined threshold may also change in accordance with the region in
which the vibration occurrence arrays are consecutive. For example, in the semiconductor device

13 to which multiple semiconductor dies 12 are directly bonded, the predetermined threshold in
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the peripheries of the electrodes of the upper/lower semiconductor dies 12 may be set to be smaller
than other portions to strictly check the bonding between electrodes. Also, the predetermined
threshold may also be set to be small in the periphery of the semiconductor die 12 and set to be
large at the center. On the contrary, it may also be that the predetermined threshold is set to be
large in the periphery of the semiconductor die 12 and set to be small at the center.

[0098] Although an example of setting the defective region 91 is described above, the invention
is not limited to the above method, as long as a region in which the vibration occurrence pixel 47
is densely arranged in the predetermined number or more in the imaging element 42 can be set.
For example, it may also be that the defective region 91 is set by performing an image analysis on
a distribution image of the vibration occurrence pixels 47 in the semiconductor device 13 thatis a
good product and a distribution image of the vibration occurrence pixels 47 in the semiconductor
device 13 that is an inspection target.

[0099] After the setting of the defective region 91 ends, the CPU 56 of the detection unit 55
proceeds to Step S109 of FIG. 9, and determines whether the defective region 91 has been set.
In the case of determining YES in Step S109 of FIG. 9, the CPU 56 of the detection unit 55 outputs
a defect detection signal to the outside in Step S100 of FIG. 9. At this time, information such as
the position, shape of the defective region 91 may also be output together to the outside.

[0100] Also, in the case of determining NO in Step S109 of FIG. 9, the CPU 56 of the detection
unit 55 determines that no defect has been detected, and outputs a good product detection signal
indicating that the semiconductor device 13 as the inspection target is a good product in Step S111
of FIG. 9.

[0101] <3. Display step>

In Step S112 of FIG. 9, the CPU 56 of the detection unit 55, as shown in FIG. 8, displays the
visualized image 12e on the display 58 (display step), in which the expression 18 corresponding

to the vibration occurrence pixel 47 that is specified is included in the image of the semiconductor
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die 12.

[0102] Although the visualized image 12e can be presented in various forms, FIG. 8, as an
example, illustrates an image in which portions corresponding to the vibration occurrence pixels
47 are superimposed with red dots as the expressions 18 in the image of a general semiconductor
die 12 obtained by irradiating the semiconductor die 12 with non-interfering light such as a lamp.
According to the image, in a region in the vicinity of the defective part 14 that vibrates through
ultrasonic vibration, a large number of red dots that are the expressions 18 are displayed, whereas
there is hardly any red dot that is the expression 18 in portions which do not vibrate and which is
other than the defective part 14. In the example shown in FIG. 8, in the central portion of the
semiconductor die 12 where a large number of red dots that are the expressions 18 are displayed,
it is known that the gap 90 forming the defective part 14 that ultrasonically vibrates due to
application of ultrasonic vibration is present, and the gap 90 is not present elsewhere.
Accordingly, by visually confirming the visualized image 12e displayed on the display 58, whether
the gap 90 that is a defect is present in the semiconductor device 13 can be detected.

[0103] In addition, the CPU 56 of the detection unit 55 may also superimpose and display the
defective region 91 set in Step S108 of FIG. 9 on the visualized image 12e. Accordingly, the
defective region 91 and the expression 18 are superimposed and displayed on the image of the
general semiconductor die 12, and whether a defect is detected can be checked visually.

[0104] <Function/effect of defect detection device 100>

As described above, the defect detection device 100 of the embodiment irradiates the
semiconductor device 13 with the collimated laser light 32 and ultrasonically vibrates the
semiconductor device 13, and performs defect detection based on the deviation between the
images 12a, 14a including the interference pattern at the time of being static and the images 12a,
14b including the interference pattern at the time of ultrasonic vibration. Therefore, the defect

detection device 100 can detect the defect of the semiconductor device 13 within a short time by
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using a simple configuration.

[0105] In addition, in the case where the predetermined number of other vibration occurrence
pixels 47(x1, y1) are present within the predetermined range around one vibration occurrence pixel
47(x, y), the defect detection device 100 determines that the change of the brightness intensity of
the pixel 46(x, y) is due to ultrasonic vibration and maintains the specification of the pixel 46(x,
y) as the vibration occurrence pixel 47(x, y). In the case where the predetermined number of
other vibration occurrence pixels 47(x1, y1) are not present within the predetermined range around
one vibration occurrence pixel 47(x, y), the defect detection device 100 cancels the specification
as the vibration occurrence pixel 47(x, y). Accordingly, the specification of the pixel 46 actually
not vibrating as the vibration occurrence pixel 47 due to noise is suppressed, and vibration
detection as well as defect detection can be performed more accurately.

[0106] In addition, since the defect detection device 100 sets the region in which the vibration
occurrence pixel 47 that is specified is densely arranged in the predetermined number of more as
the defective region 91, defect detection can be carried out based on the deviation between the
images 12a, 14a including the interference pattern at the time of being static and the images 12a,
14b including the interference pattern at the time of ultrasonic vibration.

[0107] In addition, since the defect detection device 100 displays the visualized image 12e
visualizing the defective part 14 on the display 58, whether a defect is present or not can be simply
determined by visually checking the display 58.

[0108] In addition, in the defect detection device 100 of the embodiment, the ultrasonic waves
24 are concentrated on the semiconductor device 13 by using the acoustic head 20 to which the
ultrasonic speakers 21 are installed to indirectly ultrasonically vibrate the semiconductor device
13 and perform defect detection. Therefore, defect detection can be performed by using a simple
configuration.  In addition, since the semiconductor device 13 is ultrasonically vibrated

indirectly, the defect of the semiconductor device 13 can be detected in a non-contact manner.
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[0109] <Modified examples of defect detection device 100>

In the above description, the laser light source 30 is described as irradiating the semiconductor
device 13 with the collimated laser light 32 of a single wavelength. However, the invention is
not limited thereto. The wavelength may have a slight width, or the laser light that is not
collimated light may be irradiated. In addition, the laser light may have some variation in
intensity. Moreover, in the above description, the images 12a, 14a, 14b of the interference
pattern are described as a spotted pattern including multiple bright parts 16 and dark parts 17.
However, the invention is not limited thereto, and the images may also exhibit other patterns, such
as a striped pattern.

[0110] Moreover, in the case where the vibration direction of the semiconductor device 13 is
not a single direction, it may also be that multiple laser light sources 30 and cameras 40 are
prepared, the semiconductor device 13 is irradiated with laser light from multiple directions, and
images are captured from multiple directions by using the cameras 40, thereby detecting vibrations
in multiple directions and performing defect detection.

[0111] Moreover, in the above description, the semiconductor device 13 is described as the
detection target. However, the defect detection device is also applicable in detecting a bonding
defect between layers of other products in which plate-shaped members are laminated and bonded.
Examples of such other products in which plate-shaped members are laminated and bonded
include laminate plates, laminate materials, etc.

[0112] <Other Embodiment 1>

In the following, a defect detection device 200 of another embodiment is described with reference
to FIG. 11. The parts same as the parts having been described above with reference to FIGs. 1
to 10 are labeled with the same reference symbols, and the descriptions thereof are omitted.
[0113] Asshown in FIG. 11, in the defect detection device 200 of the embodiment, the acoustic

head 20 of the defect detection device 100 described with reference to FIG. 1 is configured by
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using an acoustic head 60 in which the ultrasonic speakers 21 are installed to an annular casing
62.

[0114] As shown in FIG. 11, the casing 62 is an annular member in a spherical stage shape with
an open surface 64 having a small diameter on the upper side and an open surface 65 having a
large diameter on the lower side. The ultrasonic speakers 21 are installed to a spherical band
surface 63. A spherical center 66 of the spherical band surface 63 is located on the surface 15 of
the semiconductor device 13 held on the holding surface 10a of the stage 10. The ultrasonic
speakers 21 are installed to the casing 62, so that the respective axes 21a intersect with each other
at the spherical center 66 of the spherical surface of the casing 62. Like the defect detection
device 100 described with reference to FIG. 1, the ultrasonic waves 24 generated from the
respective ultrasonic speakers 21 intersect with each other and are concentrated and superimposed
at the spherical center 66. By superimposing the ultrasonic waves 24, the detection region 27 in
which the amplitude of ultrasonic vibration is large is formed in the vicinity of the spherical center
66.

[0115] The operation of the defect detection device 200 is the same as the defect detection 100
described with reference to FIG. 1.

[0116] In the defect detection device 200, since the casing 62 is formed with an annular member
in a spherical stage shape, the thickness in Z-direction can be reduced, and the defect detection
device 200 can be installed to a small-sized bonding apparatus, etc.

[0117] <Other Embodiment 2>

In the following, a defect detection device 300 of another embodiment is described with reference
to FIGs. 12 to 17. In the defect detection device 300, in place of the acoustic head 20 of the
defect detection device 100 described with reference to FIG. 1, an ultrasonic vibrator 70 connected
with the semiconductor device 13 is used to ultrasonically vibrate the semiconductor device 13.

The ultrasonic vibrator 70 forms an ultrasonic vibration device. The configuration of the laser
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light source 30, the camera 40, and the detection unit 55 is the same as the configuration of the
defect detection device 100 described above.

[0118] The ultrasonic vibrator 70 is driven by the driving unit that supplies high frequency
power to the ultrasonic vibrator 70. The ultrasonic vibrator 70, for example, may be formed by
a piezo element, etc. A voltage sensor 53 that detects the voltage of the high frequency power
supplied from the driving unit 23 to the ultrasonic vibrator 70 and a current sensor 54 that detects
the current of the high frequency power supplied from the driving unit 23 to the ultrasonic vibrator
70 are installed between the driving unit 23 and the ultrasonic vibrator 70. The voltage sensor
53 and the current sensor 54 are connected to the control unit 50, and the data of the voltage and
the current of the high frequency power detected by the voltage sensor 53 and the current sensor
54 are input to the control unit 50. The control unit 50 captures the image of the semiconductor
device 13 by using the camera 40 while changing the frequency of the high frequency power
supplied from the driving unit 23 to the ultrasonic vibrator 70, and detects the defect of the
semiconductor device 13 based on the captured image.

[0119] Before describing the operation of the defect detection device 300 of the embodiment,
the change of an impedance and a current A0 with respect to the frequency f in the case where the
voltage VO of the high frequency power supplied from the driving unit 23 to the ultrasonic vibrator
70 is constant, as in the conventional technique, is described with reference to FIG. 13.

[0120] Asshown in a dot-chain line cO shown in FIG. 13, when the voltage of the high frequency
power supplied from the driving unit 23 to the ultrasonic vibrator 70 is set to be constant, and the
frequency f of the high frequency power is changed, the ultrasonic vibrator 70 itself resonates at a
frequency fl. Accordingly, as indicated by a broken line a in FIG. 13, the impedance of the
ultrasonic vibrator 70 drops significantly at the frequency fl. Meanwhile, at a frequency 2
between the resonance frequency f1 and a maximum frequency f3, the impedance of the ultrasonic

vibrator 70 rises significantly.

-31-



10

15

20

25

[0121] When the impedance of the ultrasonic vibrator 70 drops significantly in the vicinity of
the frequency fl as indicated by the broken line a of FIG. 13, as indicated by a solid line b0 in
FIG. 13, the current A0 of the high frequency power supplied to the ultrasonic vibrator 70 rises
significantly. =~ Comparatively, when the impedance of the ultrasonic vibrator 70 rises
significantly in the vicinity of the frequency f2, the current AO of the high frequency power
supplied to the ultrasonic vibrator 70 drops significantly. The intensity of the current A0
supplied to the ultrasonic vibrator 70 is proportional to the amplitude of the ultrasonic vibrator 70.
Accordingly, in the vicinity of the frequency f1 at which the ultrasonic vibrator 70 resonates, the
amplitude of the ultrasonic vibrator 70 rises significantly and the amplitude of the substrate 11
increases significantly, and in the vicinity of the frequency {2, the amplitude of the ultrasonic
vibrator 70 drops significantly and the amplitude of the substrate 11 decreases significantly.
[0122] Therefore, since both the substrate 11 and the semiconductor die 12 vibrate significantly
at the frequency f1 at which the ultrasonic vibrator 70 resonates, the vibration of the defective part
14 of the semiconductor die 12 may be hidden in the vibration of the substrate 11 and the
semiconductor die 12, making it difficult to detect the vibration of the defective part 14.

[0123] Comparatively, at the frequency f2, the vibration of the substrate 11 and the
semiconductor die 12 is very small, and the vibration of the defective part 14 of the semiconductor
die 12 may not be detectable.

[0124] As described above, in the case where the voltage VO supplied to from the driving unit
23 to the ultrasonic vibrator 70 is constant and the frequency is changed as in the conventional
technique, it may be difficult to detect the defective part 14 of the semiconductor die 12 at the
frequency f1 at which the ultrasonic vibrator 70 resonates.

[0125] Therefore, the defect detection device 300 of the embodiment focuses on that the
amplitude of the ultrasonic vibrator 70 is proportional to the current of the high frequency power

input to the ultrasonic vibrator 70, detects a current Al of the high frequency power input to the
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ultrasonic vibrator 70, and adjusts a voltage V1 of the high frequency power so that the detected
current A1 falls within a predetermined range. Accordingly, the current A1 of the high frequency
power can be set to fall within a predetermined range to set the amplitude of the ultrasonic vibrator
70 within a predetermined range. In addition, when the frequency of the high frequency power
is changed and the semiconductor device 13 is ultrasonically vibrated, the substrate 11 and the
semiconductor die 12 is suppressed from vibrating significantly at a specific frequency and that
the vibration of the defective part 14 is suppressed from being hidden in the vibration of the
substrate 11 and the semiconductor die 12 and not detectable.

[0126] In the following, with reference to FIG. 14, an operation of changing the voltage V1 and
the current A1 of the high frequency power in the case where the voltage V1 of the high frequency
power supplied to the ultrasonic vibrator 70 is changed so that the current A1 detected by the
current sensor 54 is constant in the defect detection device 300 of the embodiment is described.
[0127] In the defect detection device 300 of the embodiment, the current Al detected by the
current sensor 54 is fed back to the control unit 50, and in the vicinity of the frequency f1 at which
the current A1 of the high frequency power increases, the voltage V1 of the high frequency power
supplied to the ultrasonic vibrator 70 is lowered, as indicated by a dot-chain line cl of FIG. 14.
Meanwhile, in the vicinity of the frequency f2 at which the current Al detected by the current
sensor 54 decreases, the voltage V1 of the high frequency power supplied to the ultrasonic vibrator
70 is raised, as indicated by the dot-chain line c1 of FIG. 14.  Accordingly, as indicated by a solid
line dI in FIG. 14, the intensity of the current Al detected by the current sensor 54 can be
substantially constant regardless of the frequency f.

[0128] In this way, through the feedback control so that the current Al of the high frequency
power supplied from the driving unit 23 to the ultrasonic vibrator 70 is substantially constant, even
if the frequency f of the high frequency power is changed, the amplitude of the ultrasonic vibrator

70 is substantially constant, and the vibration of the substrate 11 and the semiconductor die 12 can
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be substantially constant. Accordingly, when the frequency of the high frequency power is
changed and the semiconductor device 13 is ultrasonically vibrated, that the substrate 11 or the
semiconductor die 12 vibrate significantly at a specific frequency and the vibration of the defective
part 14 is hidden in the vibration of the substrate 11 and the semiconductor die 12 and not
detectable can be suppressed.

[0129] Then, the defect detection on the semiconductor device 13 by using the defect detection
device 300 according to the embodiment is described with reference to FIG. 15. Regarding the
steps of operations same as the operations of the defect detection device 100 described with
reference to FIG. 9, the steps are labeled with the same reference symbols, and the description is
omitted.

[0130] As shown in Step S101 to Step S103 of FIG. 15, the detection unit 55 irradiates the
semiconductor device 13 with the collimated laser light 32 to obtain the images 12a, 14a of the
interference pattern at the time of being static and stores the images 12a, 14a in the storage unit
57.

[0131] The detection unit 55 outputs the signal for starting driving the ultrasonic vibrator 70 to
the control unit 50 after storing the images 12a, 14a of the interference pattern at the time of being
static in the storage unit 57. When the signal is input, the CPU 51 of the control unit 50 outputs
a command for starting driving the ultrasonic vibrator 70 to the driving unit 23, as shown in Step
S304 of FIG. 15. In accordance with the command, the driving unit 23 drives the ultrasonic
vibrator 70 to ultrasonically vibrate the semiconductor device 13.

[0132] As indicated in Step 304 of FIG. 15, the CPU 51 of the control unit 50 ultrasonically
vibrates the semiconductor device 13 by using the ultrasonic vibrator 70 while changing the
frequency f from the starting frequency f0 of the high frequency power to the maximum frequency
3 (f0 < 13), while adjusting the voltage V1 of the high frequency power so that the current A1l

detected by the current sensor 54 is substantially constant.
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[0133] After the ultrasonic vibration on the semiconductor device 13 by using the ultrasonic
vibrator 70 starts, the CPU 51 of the control unit 50 outputs the signal that ultrasonic vibration is
being carried out and the starting frequency f0 of ultrasonic vibration to the detection unit 55.
When the signal is input, at Step S105 of FIG. 15, the CPU 56 of the detection unit 55 sets the
exposure time of the camera 40 to be longer than the period of ultrasonic vibration at the time of
the starting frequency f0, obtains the images 12a, 14b including the interference pattern at the time
of ultrasonic vibration by using the camera 40 as described with reference to FIG. 6, and stores
the images 14a, 14b in the storage unit 57 at Step S106 of FIG. 15. The camera 40 may capture
the images 12a, 14a, 14b as motion images and store motion image data in the storage unit 57, and
may also capture the images 12a, 14a, 14b as static images every time when the frequency f of
ultrasonic vibration changes by a predetermined frequency Af and store a data set of multiple static
images in the storage unit 57.

[0134] The CPU 56 of the detection unit 55, like the defect detection device 100 described
above, specifies the vibration occurrence pixel 47 at Step S107 of FIG. 15, and sets, as the
defective region 91, a region in which the vibration occurrence pixel 47 is densely arranged in the
predetermined number of more at Step S108 of FIG. 15. Then, in the case of YES in Step S109
of FIG. 15, the defect detection signal is output at Step S110 of FIG. 15, and in the case of NO in
Step S109 of FIG. 15, the good product detection signal is output at Step 111 of FIG. 15. Then,
the visualized image 12e is displayed on the display 58 at Step S112 of FIG. 15.

[0135] As described above, when the frequency of the high frequency power is changed to
ultrasonically vibrate the semiconductor device 13, the defect detection device 300 of the
embodiment sets the amplitude of the ultrasonic vibrator 70 within the predetermined range, and
can suppress the substrate 11 and the semiconductor die 12 from vibrating significantly at a
specific frequency. Accordingly, that the vibration of the defective part 14 is hidden in the

vibration of the substrate 11 and the semiconductor die 12 and not detectable at a specific
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frequency is suppressed, and the detection accuracy of the defective part 14 can be facilitated.
[0136] In addition, like the defect detection device 100, the defect detection device 300
ultrasonically vibrates the semiconductor device 13, and performs defect detection based on the
deviation between the images 12a, 14a including the interference pattern at the time of being static
and the images 12a, 14b including the interference pattern at the time of ultrasonic vibration.
Therefore, the defect detection device 300 can detect the defect of the semiconductor device 13
within a short time by using a simple configuration.

[0137] In the above description, through the feedback control so that the current A1 of the high
frequency power supplied from the driving unit 23 to the ultrasonic vibrator 70 is substantially
constant, the amplitude of the ultrasonic vibrator 70 is substantially constant in the case where the
frequency f of the high frequency power is changed. However, the invention is not limited
thereto.

[0138] For example, as described with reference to FIG. 13, the change of the current A0 of the
high frequency power when voltage VO of the high frequency power is constant and the frequency
is changed is obtained in advance through testing, etc., a voltage waveform opposite to the increase
and decrease of the current A0 as indicated by a dot-chain line c2 in FIG. 16 is generated in
advance, and the voltage waveform is stored in advance in the storage unit 52 as a map 59a
indicating the change of a voltage V2 with respect to the frequency f. As shown in the dot-chain
line c2 in FIG. 16, the map 59a forms a waveform in which the voltage decreases in the vicinity
of the frequency f1 and increases at the frequency f2. In addition, at the time of performing
ultrasonic vibration, the voltage with respect to the frequency f may be adjusted by referring to
the map 59a stored in the storage unit 52. In such case, as indicated by a solid line d2 of FIG.
16, even if the frequency changes, the current A2 supplied to the ultrasonic vibrator 70 is
substantially constant.

[0139] Accordingly, by using a simple configuration, when the semiconductor device 13 is
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ultrasonically vibrated at various frequency bands, that the entirety of the semiconductor device
13 is significantly vibrated, and the vibration of the defective part 14 is hidden in the vibration of
the substrate 11 and the semiconductor die 12 and not detectable can be suppressed, and the defect
of the semiconductor device 13 can be accurately detected.

[0140] In addition, the testing may be simplified. For example, as indicated by a dot-chain line
c3 in FIG. 17, a voltage waveform in which a voltage V3 changes with respect to the frequency f
in a stepped manner may be set as a map 59b and stored in the storage unit 52. In such case, as
indicated by a solid line d3 of FIG. 17, although a current A3 supplied to the ultrasonic vibrator
70 is not substantially constant, the current A3 still falls within a predetermined range AA.
Accordingly, the defect of the semiconductor device 13 can be accurately detected within a short
time by using a simpler method.

[0141] <Other Embodiment 3>

In the following, a defect detection device 400 of another embodiment is described with reference
to FIG. 18. In the defect detection device 400, like the defect detection device 300 described
with reference to FIGs. 12 to 17, the voltage sensor 53 and the current sensor 54 are respectively
installed between each of the driving units 23 and each of the ultrasonic speakers 21 (ultrasonic
speakers 212 to 215) of the defect detection device 100 described with reference to FIG. 1. In
addition, in FIG. 18, only one ultrasonic speaker 211 installed to the acoustic head 20 is shown,
and the rest of the ultrasonic speakers 212 to 215 are omitted from the figure. In addition, only
a portion of the casing 22 in the vicinity of the ultrasonic speaker 211 is shown, and the rest
portions are omitted from the figure.

[0142] Except that, in place of the driving unit 23 driving the ultrasonic vibrator 70, the driving
units 23 respectively drive the ultrasonic speakers 21, the operation of the defect detection device
400 is the same as the operation of the defect detection device 300.

[0143] In the defect detection device 400, through the feedback control so that the current Al
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of the high frequency power supplied from each of the driving units 23 to each of the ultrasonic
speakers 21 is substantially constant, even if the frequency f of the high frequency power is
changed, the ultrasonic vibration force applied by each of the ultrasonic speakers 21 to the
semiconductor device 13 is substantially constant, and the vibration of the substrate 11 and the
semiconductor die 12 can be substantially constant. Accordingly, like the defect detection device
300, when the frequency of the high frequency power is changed and the semiconductor device
13 is ultrasonically vibrated, the substrate 11 and the semiconductor die 12 vibrate significantly at
a specific frequency, and that the vibration of the defective part 14 is hidden in the vibration of
the substrate 11 and the semiconductor die 12 and not detectable can be suppressed.

[0144] In addition, like the defect detection device 100, the defect detection device 400
ultrasonically vibrates the semiconductor device 13, and performs defect detection based on the
deviation between the images 12a, 14a including the interference pattern at the time of being static
and the images 12a, 14b including the interference pattern at the time of ultrasonic vibration.
Therefore, the defect detection device 300 can detect the defect of the semiconductor device 13
within a short time by using a simple configuration. In addition, since the semiconductor device
13 is ultrasonically vibrated indirectly, the defect of the semiconductor device 13 can be detected
in a non-contact manner.

[0145] <Vibration detection device>

Although the defect detection devices, 100, 200, 300, 400 are all described to set the defective
region 91 and detect the defect of the semiconductor device 13 that is an inspection target, Steps
S108 to S111 of FIG. 9 or Steps S108 to S111 of FIG. 15 may be omitted, and the devices 100,
200, 300, 400 may function as a vibration detection device which displays the vibration occurrence
pixel indicating a vibration occurrence location on the display 58 to specify a vibration location
of the semiconductor device 13 as the inspection target.

[0146] In the case where the defect detection device 100 functions as a vibration detection
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device, the detection unit 55 processes the image captured by the camera 40 to specify the vibration
occurrence pixel 47 indicating the vibration occurrence location, and displays the visualized image
12¢ including an expression corresponding to the vibration occurrence pixel 47 that is specified
on the display 58.

[0147] In the case where the defect detection device 100 functions as a vibration detection
device, the determination on whether there is a defect is performed by an inspector making a visual
determination on the image of the display 58.

[0148] Such an operation is useful, for example, when the semiconductor device 13 is new and
there is no threshold or predetermined value for setting the defective region 91 .

[Reference Signs List]

[0149]

10: Stage; 10a: Holding surface; 11: Substrate; 12: Semiconductor die; 12a, 14a, 14b: Image; 12e:
Visualized image; 13: Semiconductor device; 14: Defective part; 15: Surface; 16: Bright part; 17:
Dark part; 18: Expression; 20, 60: Acoustic head; 21, 211 to 215: Ultrasonic speaker; 21a: Axis;
22, 62; Casing; 23: Driving unit; 24: Ultrasonic wave; 26, 66: Spherical center; 27: Detection
region; 28: Guide rail; 29: Slider; 29a: Rod; 30: Laser light source; 31: Optical axis; 32: Collimated
light; 33: Reflected laser light; 34a, 34b: Light path; 40: Camera; 41: Optical axis; 42: Imaging
element; 43: Visual field; 45, 45s, 45v: Image frame; 46: Pixel; 47: Vibration occurrence pixel;
48: Array; 50: Control unit; 51, 56: CPU; 52, 57: Storage unit; 53: Voltage sensor; 54: Current
sensor; 55: Detection unit; 58: Display; 59a, 59b: Map; 63: Spherical band surface; 64: Open
surface; 65: Open surface; 70: Ultrasonic vibrator; 90: Gap; 91: Defective region; 100, 200, 300,

400: Defect detection device.
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WHAT IS CLAIMED IS:

1. A defect detection device, detecting a defect of an inspection target, the defect detection
device comprising:

an ultrasonic vibration device, ultrasonically vibrating the inspection target;

a coherent light source, irradiating the inspection target with coherent light;

a camera, having an imaging element imaging the inspection target irradiated with the
coherent light to obtain an image; and

a detection unit, detecting the defect of the inspection target based on the image imaged by
the camera,

wherein the detection unit detects the defect of the inspection target based on a deviation
between an image when the inspection target is static and an image when the inspection target is
ultrasonically vibrated that are obtained by the camera.

2. The defect detection device as claimed in claim 1,

wherein an exposure time when the camera images is longer than a period of ultrasonic
vibration of the inspection target, and the camera obtains an image comprising an interference
pattern that occurs due to interference of the coherent light reflected by a surface of the inspection
target,

wherein the detection unit detects the defect of the inspection target based on a deviation
between an image comprising an interference pattern when the inspection target is static and an
image comprising an interference pattern when the inspection target is ultrasonically vibrated that
are obtained by the camera.

3. The defect detection device as claimed in claim 2,

wherein the detection unit specifies a vibration occurrence pixel based on the deviation, sets
a region in which the vibration occurrence pixel that is specified is densely arranged in a

predetermined number or more as a defective region, and detects the defect.
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4. The defect detection device as claimed in claim 3,

wherein, in a case where a predetermined number of other vibration occurrence pixels are
present within a predetermined range around the vibration occurrence pixel that is specified, the
detection unit maintains specification of the pixel as the vibration occurrence pixel, and in a case
where the predetermined number of vibration occurrence pixels are not present within the
predetermined range, the detection unit cancels the specification of the pixel as the vibration
occurrence pixel.

5. The defect detection device as claimed in claim 3 or 4, comprising a display displaying an
image of the inspection target,

wherein the detection unit displays a visualized image in which an expression corresponding
to the vibration occurrence pixel that is specified is comprised in an image of the inspection target
on the display.

6. The defect detection device as claimed in any one of claims 3 to 5,

wherein the coherent light is laser light, and

the coherent light source irradiates the inspection target with collimated laser light of a single
wavelength.

7. The defect detection device as claimed in any one of claims 1 to 6, comprising:

a driving unit, supplying high frequency power to the ultrasonic vibration device; and

a control unit, adjusting a frequency of the high frequency power supplied from the driving
unit to the ultrasonic vibration device,

wherein when the detection unit detects the defect of the inspection target, the control unit
changes the frequency of the high frequency power supplied from the driving unit to the ultrasonic
vibration device.

8. The defect detection device as claimed in claim 7, comprising a current sensor, detecting

a current of the high frequency power supplied from the driving unit to the ultrasonic vibration
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device,

wherein when the frequency of the high frequency power supplied from the driving unit to
the ultrasonic vibration device is changed, the control unit adjusts a voltage of the high frequency
power supplied from the driving unit to the ultrasonic vibration device, so that the current detected
by the current sensor falls within a predetermined range.

9. The defect detection device as claimed in claim 7,

wherein the control unit comprises a map in which a change of a voltage of the high frequency
power supplied from the driving unit to the ultrasonic vibration device with respect to the
frequency of the high frequency power supplied from the driving unit to the ultrasonic vibration
device is defined in advance, so that a current of the high frequency power supplied from the
driving unit to the ultrasonic vibration device falls within a predetermined range, and

when the frequency of the high frequency power supplied from the driving unit to the
ultrasonic vibration device is changed, the voltage of the high frequency power supplied from the
driving unit to the ultrasonic vibration device is adjusted based on the map.

10. The defect detection device as claimed in any one of claims 1 to 9,

wherein the ultrasonic vibration device is an ultrasonic speaker arranged on a periphery of
the inspection target or an ultrasonic vibrator connected with the inspection target and
ultrasonically vibrating the inspection target.

11. The defect detection device as claimed in any one of claims 1 to 6,

wherein the ultrasonic vibration device is formed by a plurality of ultrasonic speakers that
are directive and disposed on a periphery of the inspection target, the ultrasonic speakers are
installed to a casing, so as to concentrate a plurality of ultrasonic waves generated by the respective
ultrasonic speakers on the inspection target.

12. The defect detection device as claimed in claim 11, comprising:

a plurality of driving units, respectively supplying high frequency power to the ultrasonic
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speakers; and

a control unit, adjusting a frequency of the high frequency power supplied from each of the
driving units to each of the ultrasonic speakers,

wherein when the detection unit detects the defect of the inspection target, the control unit
changes the frequency of the high frequency power supplied from each of the driving units to each
of the ultrasonic speakers.

13. The defect detection device as claimed in claim 12, comprising a current sensor, each
detecting a current of the high frequency power supplied from each of the driving units to each of
the ultrasonic speakers,

wherein when the frequency of the high frequency power supplied from each of the driving
units to each of the ultrasonic speakers is changed, the control unit adjusts a voltage of the high
frequency power supplied from each of the driving units to each of the ultrasonic speakers, so that
the current detected by each of the current sensors falls within a predetermined range.

14. The defect detection device as claimed in claim 12,

wherein the control unit comprises a map in which a change of a voltage of the high frequency
power supplied from each of the driving units to each of the ultrasonic speakers with respect to
the frequency of the high frequency power supplied from each of the driving units to each of the
ultrasonic speakers is defined in advance, so that a current of the high frequency power supplied
from each of the driving units to each of the ultrasonic speakers each falls within a predetermined
range, and

when the frequency of the high frequency power supplied from each of the driving units to
each of the ultrasonic speakers is changed, the voltage of the high frequency power supplied from
each of the driving units to each of the ultrasonic speakers is adjusted based on the map.

15. The defect detection device as claimed in any one of claims 12 to 14,

wherein the control unit respectively adjusts each phase of each of the ultrasonic waves
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generated by each of the ultrasonic speakers by using each of the driving units.

16. A defect detection method for detecting a defect of an inspection target, the defect
detection method comprising:

a static image obtaining step, irradiating the inspection target with coherent light, imaging
the inspection target by using a camera, and obtaining an image when the inspection target is static;

an ultrasonically vibrated image obtaining step, ultrasonically vibrating the inspection target
by using an ultrasonic vibration device while irradiating the inspection target with the coherent
light, imaging the inspection target by using the camera, and obtaining an image when the
inspection target is ultrasonically vibrated; and

a defect detection step, detecting the defect of the inspection target based on a deviation
between the image when the inspection target is static and the image when the inspection target is
ultrasonically vibrated that are obtained by the camera.

17. The defect detection method as claimed in claim 16,

wherein in the static image obtaining step, an image comprising an interference pattern at a
time of being static generated through interference of the coherent light reflected by a surface of
the inspection target is obtained by using the camera,

in the ultrasonically vibrated image obtaining step, an exposure time of the camera is set
longer than a period of ultrasonic vibration of the inspection target, and an image comprising an
interference pattern at a time of ultrasonic vibration generated through interference of the coherent
light reflected by the surface of the inspection target is obtained by using the camera, and

in the defect detection step, the defect of the inspection target is detected based on a deviation
between an image comprising an interference pattern when the inspection target is static and an
image comprising an interference pattern when the inspection target is ultrasonically vibrated that
are obtained by the camera.

18. The defect detection method as claimed in claim 17,
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wherein in the defect detection step, a vibration occurrence pixel is specified based on the
deviation, a region in which the vibration occurrence pixel that is specified is densely arranged in
a predetermined number or more is set as a defective region, and the defect is detected.

19. The defect detection method as claimed in claim 18,

wherein in the defect detection step, in a case where a predetermined number of other
vibration occurrence pixels are present within a predetermined range around the vibration
occurrence pixel that is specified, specification of the pixel as the vibration occurrence pixel is
maintained, and in a case where the predetermined number of vibration occurrence pixels are not
present within the predetermined range, the specification of the pixel as the vibration occurrence
pixel is canceled.

20. The defect detection method as claimed in claim 18 or 19, further comprising:

a display step, displaying a visualized image in which an expression corresponding to the
vibration occurrence pixel that is specified is comprised in an image of the inspection target on a
display.

21. A vibration detection device, detecting vibration of an inspection target, the vibration
detection device comprising:

an ultrasonic vibration device, ultrasonically vibrating the inspection target;

a coherent light source, irradiating the inspection target with coherent light;

a camera, having an imaging element imaging the inspection target irradiated with the
coherent light to obtain an image; and

a detection unit, processing the image obtained by the camera and specifying a vibration
occurrence location,

wherein an exposure time when the camera images is longer than a period of ultrasonic
vibration of the inspection target, and the camera obtains an image comprising an interference

pattern that occurs due to interference of the coherent light reflected by a surface of the inspection
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target,

wherein the detection unit specifies the vibration occurrence location of the inspection target
based on a deviation between an image comprising an interference pattern when the inspection
target is static and an image comprising an interference pattern when the inspection target is
ultrasonically vibrated that are obtained by the camera.

22. The vibration detection device as claimed in claim 21, comprising a display displaying
an image of the inspection target,

wherein the detection unit specifics a vibration occurrence pixel indicating the vibration
occurrence location based on the deviation, and displays a visualized image in which an expression
corresponding to the vibration occurrence pixel that is specified is comprised in an image of the

inspection target on the display.
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