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Ultrasonic microscope and carrier for carrying an acoustic pulse transducer

FIELD

The present invention relates to an ultrasonic microscope for inspecting an object, in
particular for inspecting a semiconductor structure. Further, the present invention
relates to a carrier for carrying an acoustic pulse transducer of an ultrasonic
microscope.

BACKGROUND

Ultrasonic microscopes are used for the non-destructive inspection of objects such as
materials and devices. Due to the capability of non-destructive inspection, such
ultrasonic microscopes are advantageously applied in the field of quality monitoring,
reliability studies, optimization and failure analysis. For example, in semiconductor
fabrication, ultrasonic microscopes are used for inspection of finished and partly
processed semiconductor devices. Delamination, voids, cracks or inclusions of the
objects may be detected and their mechanical properties determined by use of such
ultrasonic microscopes.

Inspection of an object by use of an ultrasonic microscope may be performed by
directing acoustic pulses, in particular ultrasonic pulses, to the object and analyzing
acoustic pulses reflected by the object and/or transmitted through the object. Basis for
this analysis is the physical phenomenon that acoustic pulses are partially reflected
and partially transmitted at each acoustic interface of the object. Therefore, an object
comprising a plurality of different material layers produces a plurality of reflected
pulses from a single acoustic pulse directed onto the object. The plurality of reflected
acoustic pulses is detected by an acoustic transducer outputting a time-domain signal
representing the intensity of the reflected acoustic pulses. Based on the time delay of
each of the plurality of reflected pulses relative to the pulse directed onto the object,
the depth of the material layer within the object can be determined. Further, based on
the intensity of the reflected acoustic pulses, the kind of material may be deduced
whereby defects in the object can be determined.
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SUMMARY OF THE INVENTION

The object of the present invention is to provide an ultrasonic microscope capable of
inspecting an object with high accuracy as quick as possible. Objects to be inspected
may be materials and devices, in particular wafers, packages, components or devices
made using semiconductor materials. The surface geometry of the object may be
uneven with respect to the size of the object.

According to an aspect of the present invention, an ultrasonic microscope for
inspecting an object comprises an object holder configured to hold the object in an
object region; a scan head movable relative to the object region; a first transducer
supported by the scan head wherein the first transducer is configured to emit first
acoustic pulses along an emission direction and to focus the first acoustic pulses in a
focal point and wherein the first transducer is further configured to detect second
acoustic pulses emerging from the object and to output a first detection signal
representing the second acoustic pulses detected by the first transducer.

According to this aspect, the scan head supports the first transducer. By moving the
scan head relative to the object region, the first transducer is also moved relative to
the object region.

The first transducer is configured to emit first acoustic pulses, in particular ultrasonic
pulses along the emission direction whereby the first acoustic pulses are directed onto
the object in the object region. The first acoustic pulses are focused in the focal point
and the object may be placed relative to the focal point so that a location of interest of
the object coincides with the focal point.

The first transducer is further configured to detect the second acoustic pulses which
emerge from the object upon the first acoustic pulses being directed onto the object.
The first transducer is further configured to generate from the detected acoustic pulses
the first detection signal which is output by the first transducer. For example, the first
detection signal may be a time-domain signal representing the time-dependent
intensity of the second acoustic pulses.
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According to an embodiment, the ultrasonic microscope further comprises a first
actuator configured to move the first transducer relative to the scan head along a
vertical direction which is essentially parallel to the emission direction; and a
controller configured to control vertical movement of the first transducer relative to
the scan head provided by the first actuator based on the first detection signal.

The first actuator is configured to move the first transducer relative to the scan head
along the vertical direction. Thereby the focal point is also moved relative to the scan
head along the vertical direction. Accordingly, the focal point may be translated along
the vertical direction by the first actuator in that the first actuator moves the first
transducer relative to the scan head along the vertical direction. The controller is
configured to control the vertical movement of the first transducer relative to the scan
head provided by the first actuator based on the first detection signal, i.e. based on the
second acoustic pulses emerging from the object upon the first acoustic pulses being
directed to the object. Therefore, the focal point can be positioned relative to the object
and relative to the scan head based on the first detection signal.

According to an embodiment, the controller is further configured to control emission
of the first acoustic pulses by the first transducer, determine a distance value
representing a distance between the first transducer and the object based on the first
detection signal, and control the vertical movement of the first transducer relative to
the scan head provided by the first actuator based on the determined distance value.
For example, the distance between the first transducer and the object may be
calculated by the controller based on the time of flight of one of the first acoustic pulses
from the first transducer to the object and based on the time of flight of a second
acoustic pulse generated by the one first acoustic pulse from the object to the first
transducer. The calculation may make use of parameters such as the sonic speed in air
or an immersion liquid and the like.

According to this embodiment, the controller is configured to cause the first
transducer to emit the first acoustic pulses. Accordingly, the controller controls the
timings at which the first transducer emits the first acoustic pulses. Further, the
controller is configured to obtain the first detection signal from the first transducer
after the first acoustic pulses were directed onto the object. Accordingly, the controller
may be configured to determine the timings at which the second acoustic pulses
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emerging from the object reached the first transducer. Based on the timings of the
emission of the first acoustic pulses and the reception of the second acoustic pulses,
the controller may be configured to calculate the distance between the first transducer
and the object, in particular determine the distances between the first transducer and
a plurality of material layers in a semiconductor structure. Based on the determined
distance value(s), the controller can control the vertical movement of the first
transducer relative to the scan head provided by the first actuator so that the focal
point is positioned at a desired position relative to the object.

For example, the controller may be configured to control the vertical movement of the
first transducer relative to the scan head provided by the first actuator based on the
determined distance value(s) so that the distance between the first transducer and the
object approaches a predefined working distance.

For example, the controller may be configured to control the vertical movement of the
first transducer relative to the scan head provided by the first actuator so that the
predefined working distance is maintained between the first transducer and the object
while the scan head moves the first transducer relative to the object region. As a
particular example, the controller may be configured to control the vertical movement
of the first transducer relative to the scan head provided by the first actuator so that
the predefined working distance is maintained between the first transducer and a
surface of the object while the scan head moves the first transducer relative to the
object region.

According to another embodiment, the controller may be configured to determine a
defocusing value representing a distance between the focal point and a location of
interest of the object based on the determined distance value, and control the vertical
movement of the first transducer relative to the scan head provided by the first
actuator based on the defocusing value.

For example, a plurality of locations of interest of the object may be defined by a user
to be located a predefined distance below the surface of the object. As described
above, the distance between the first transducer and the surface of the object can be
determined by the controller. Accordingly, the controller can be configured to
determine the distance of the locations of interest of the object from the first
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transducer based on the user-defined predefined distance and the distance value.
Further, the focal distance is also available to the controller, i.e. the distance between
the focal point generated by the first transducer and the first transducer itself. Based
on these data, the controller may be configured to determine the defocusing value
representing the distance between the focal point and the locations of interest of the
object. Accordingly, the controller may control the vertical movement of the first
transducer relative to the scan head provided by the first actuator based on the
defocusing value so that the focal point approaches/coincides with the locations of
interest.

According to a further embodiment, the ultrasonic microscope further comprises a
scan-head positioning device configured to move the scan head relative to the object
holder in a lateral plane which is essentially orthogonal to the vertical direction.

According to this embodiment, the scan head can be moved relative to the object
region by the scan-head positioning device in the lateral plane. This allows the
controller to scan the object by moving the scan head relative to the object region while
analyzing the object using the first transducer.

According to another embodiment, the controller comprises an analogue circuit
configured to perform the controlling of the vertical movement of the first transducer
relative to the scan head provided by the first actuator based on the first detection
signal. Thereby, the vertical movement of the first transducer relative to the scan head
may be performed at high speed with minimal delay caused by signal processing.
Accordingly, the object may be scanned at high speed (i.e. the scan head is moved to
a plurality of locations with respect to the object while the first transducer outputs the
first detection signal) while the first acoustic pulses remain focused appropriately
because of the high speed control of the vertical movement of the first transducer
relative to the scan head.

According to another embodiment, the controller comprises a digital circuit for
performing various operations disclosed herein.

According to another embodiment, the controller is further configured to determine a
height profile of the object based on the first detection signal, wherein “height profile”
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denotes the object’s extent in the vertical direction in dependence of one or more
lateral directions. For example, in the ultrasonic microscope configured to determine
a distance value representing a distance between the first transducer and the object
based on the first detection signal, the controller may be configured to determine the
height profile in a reference system of the first transducer based on the distance value.
The height profile in the reference system of the first transducer may further be
transformed into a height profile in another reference system. For example, the height
profile in the reference system of the first transducer may be transformed into a
reference system of the scan head by further using information about the vertical
position of the first transducer relative to the scan head, i.e. an information about the
vertical position of the first transducer in the reference system of the scan head. The
information about the vertical position of the first transducer relative to the scan head
may be obtained from a control signal provided to the first actuator by the controller
wherein the control signal represents the vertical movement to be performed by the
first actuator. Alternatively or additionally, the information about the vertical position
of the first transducer relative to the scan head may be obtained by a measurement
unit measuring the vertical position of the first transducer relative to the scan head and
outputting a corresponding signal.

As a first example, the controller may be configured to control the vertical movement
of the first transducer relative to the scan head. Accordingly, the vertical position of
the first transducer relative to the scan head during scanning of the object using the
scan head positioning device is available to the controller by way of the control signal.
Further, during scanning of the object using the scan head positioning device, the
distance in the vertical direction between the first transducer and the object may be
determined as described above. Based on the vertical position of the scan head and the
distance in the vertical direction between the first transducer and the object, the
controller can determine the height profile of the object in the reference system of the
scan head and the reference system of the scan head positioning device.

As a second example, the controller may be configured to control the vertical
movement of the first transducer relative to the scan head provided by the first
actuator so that a predefined working distance is maintained between the first
transducer and a surface of the object while the object is scanned in a lateral direction.
In this example, the distance between the surface of the object and the first transducer
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remains essentially constant (at the level of the predefined working distance) so that
the height profile may be derived directly from the control signal.

According to another embodiment, the controller is further configured to control the
scan-head positioning device so that the scan head is positioned at a plurality of
positions. Each time the scan head is positioned at one of the plurality of positions, the
controller causes the first transducer to emit at least one of the first acoustic pulses, to
detect at least one of the second acoustic pulses and to output the first detection signal.
The controller is further configured to store the first detection signals or values derived
therefrom in association with the plurality of positions and to control the vertical
movement of the first transducer relative to the scan head provided by the first
actuator based on a set of the stored first detection signals or values derived therefrom.

According to this embodiment, the controller is configured to control the scan-head
positioning device so that the scan head is positioned at the plurality of positions. That
IS, the controller causes the scan-head positioning device to move the scan head, and
thus the first transducer, to be positioned at the plurality of positions. For example,
the scan-head positioning device may be caused to move along a path such as one or
more lines relative to the object region so that a plurality of locations of the object may
be analyzed along the path.

At each of the plurality of positions of the scan head, the controller causes the first
transducer to emit at least one of the first acoustic pulses, to detect at least one of the
second acoustic pulses and to output the first detection signal. That is, each time the
scan head is positioned at one of the plurality of positions, a location of the object is
analyzed by directing at least one of the first acoustic pulses to the object and detecting
the second acoustic pulses emerging from the object whereby the first detection signal
IS output at least once at each of the plurality of positions of the scan head. Therefore,
a plurality of the first detection signals is obtained while moving the scan head to the
plurality of positions/along the path.

The plurality of the first detection signals or values derived therefrom, such as the
above-mentioned distance value or the defocusing value, are stored by the controller
in association with the plurality of positions of the scan head (or in association with
the plurality of locations of the object). Accordingly, for each of the plurality of
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positions of the scan head (or for each of the plurality of the locations of the object),
one of the plurality of detection signals or values derived therefrom is available in the
memory for controlling the first actuator.

For example, first detection signals or values derived therefrom may have been
obtained by the procedure described above and stored in the memory for a first set of
positions of the scan head (or a first set of locations of the object). Before moving the
scan head to a second position different from each position of the first set of positions
of the scan head (or different from each position of the first set of locations of the
object), the controller may calculate a prediction value for controlling the vertical
movement of the first transducer relative to the scan head provided by the first
actuator based on the first detection signals or values derived therefrom stored in the
memory. Accordingly, even before moving the scan head to the second position where
the object may not have been analyzed before, the first actuator may already be
controlled according to the prediction value. Thereby, the first transducer can be
brought into or close to the predefined working distance or the defocusing value may
already be fairly small before/while the scan head is being moved to the second
position. This reduces the amount of time required to properly arrange the first
transducer with respect to the object when the object is scanned.

According to a further embodiment therein, for determining the prediction value for
controlling the first actuator for a second position of the scan head, a sub-set of the
detection signals or values derived therefrom stored in the memory may be used. The
sub-set may be selected by the controller based on the distance between the second
position and each of the first positions associated with one of the first detection
signals/values derived therefrom. For example, the sub-set may be defined as to
include the first detection signals/values derived therefrom associated with first
positions, each having a distance to the second position which is less than a predefined
threshold distance value. The predefined threshold distance value may be less than
1 pym, in particular less than 100 nm, or less than 10 nm. According to this
embodiment, the first detection signals or values derived therefrom previously
obtained at positions of the scan head that are close to the second position where the
object is analyzed next are used for controlling the first actuator. For determining the
prediction value, the sub-set may be processed using, for example, interpolation,
extrapolation, etc.
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For example, the object may first be scanned coarsely whereby a coarse height profile
of the object may be determined. The coarse height profile of the object may then be
used for controlling the vertical movement of the first transducer relative to the scan
head in the vertical direction provided by the first actuator when the object is fine-
scanned. For example, a prediction value for the height of the object at a particular
location on the surface of the object may be determined by the controller based on the
coarse height profile, e.g. by using interpolation. Subsequently, when the scan head is
moved to place the first transducer in a position for emitting first acoustic pulses to
the particular location, the controller can already move the first transducer at an
appropriate position in the vertical direction based on the prediction value for the
particular location so that the first acoustic pulses are focused well when the scan head
arrives at the place. Accordingly, the object can be scanned quickly.

In order to improve the dynamic behavior of the first transducer in the vertical
direction (i.e. movement of the first transducer relative to the scan head provided by
the first actuator), a weight compensation device may be provided which compensates
the weight of the first transducer. For example, a magnetic spring may be provided
which compensates the force acting on the first actuator due to the weight of the first
transducer. By means of the weight compensation device the effective mass to be
moved by the first actuator is minimized which results in improved dynamic behavior
of the first transducer. In particular, the first transducer may be accelerated and
deaccelerated more quickly as compared to the case in which no weight compensation
device is used. Another advantage of the weight compensation device is that the
dynamic behavior of the first transducer is essentially the same for both of the vertical
directions (up and down) and thus controlling of the dynamic behavior of the first
transducer by means of the first actuator can be simplified.

According to another embodiment, the ultrasonic microscope further comprises a
second transducer supported by the scan head so that the object region is located
between the first transducer and the second transducer, wherein the second
transducer is configured to detect the second acoustic pulses emerging from the object
and to output a second detection signal representing the second acoustic pulses
detected by the second transducer.
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According to this embodiment, the first and the second transducer are provided in the
ultrasonic microscope whereby the second acoustic pulses reflected from the object
may be detected by the first transducer whereas the second acoustic pulses transmitted
through the object may be detected by the second transducer. This allows to inspect
the object more accurately.

According to another embodiment therein, the ultrasonic microscope may further
comprise a second actuator configured to move the first transducer relative to the scan
head along a lateral direction which is essentially orthogonal to the vertical direction,
and wherein the controller is further configured to control lateral movement of the
first transducer relative to the scan head provided by the second actuator based on the
second detection signal.

While the first actuator described above is configured to move the first transducer
relative to the scan head along the vertical direction, the second actuator is configured
to move the first transducer relative to the scan head along the lateral direction which
is essentially orthogonal to the vertical direction and which is in particular orthogonal
to the vertical direction. By moving the first transducer relative to the scan head in the
lateral direction, the first transducer emitting the first acoustic pulses and the second
transducer detecting the second acoustic pulses transmitted through the object may
be aligned relative to each other along the lateral direction. For example, the controller
may be configured to control the lateral movement of the first transducer relative to
the scan head provided by the second actuator based on the second detection signal
so that an intensity of the second detection signal is maximized. When the intensity of
the second detection signal is maximized, it may be assumed that the focal point of
the first acoustic pulses generated by the first transducer coincides with a focal point
of the second transducer for detecting the second acoustic pulses in the lateral
direction. This improves the signal to noise ratio of the second detection signal and,
thus, the accuracy of the inspection of the object.

In addition or alternatively, the controller may be configured to calculate a frequency-
domain representation of the second detection signal and to control the lateral
movement of the first transducer relative to the scan head provided by the second
actuator based on the frequency-domain representation of the second detection signal.
In particular, the frequency-domain amplitude distribution of the second detection
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signal and the bandwidth of the second detection signal may be suitable quantities for
the alignment so that the controller may be configured control the lateral movement
of the first transducer relative to the scan head provided by the second actuator based
on the frequency-domain amplitude distribution of the second detection signal and/or
the bandwidth of the second detection signal. As a specific example, coarse alignment
of the first transducer relative to the second transducer in the lateral direction may be
achieved by using the intensity of the second detection signal in the time-domain,
whereas fine alignment may be achieved by using at least one of the frequency-domain
representation of the second detection signal, the frequency-domain amplitude
distribution of the second detection signal, and the bandwidth of the second detection
signal.

According to another embodiment therein, the ultrasonic microscope may further
comprise a third actuator configured to move the second transducer relative to the
scan head along the vertical direction. Accordingly, the second transducer and, thus,
the focal point for detecting the second acoustic pulses by the second transducer can
be moved relative to the scan head and, thus, relative to the first transducer and its
focal point, along the vertical direction by the third actuator. Accordingly, the focal
point generated by the first transducer and the focal point generated by the second
transducer may be brought into coincidence along the vertical direction by the
controller controlling the vertical movement of the second transducer relative to the
scan head provided by the third actuator. Further the vertical distance between the
first transducer and the second transducer can be controlled by the controller
configured to control the first and third actuators.

According to an embodiment therein, the third actuator is configured to control
vertical movement of the second transducer relative to the scan head provided by the
third actuator based on the first detection signal. Assuming that the controller is also
configured to control vertical movement of the first transducer relative to the scan
head provided by the first actuator, the controller may be configured to generate, based
on the first detection signal, a control signal for controlling the vertical movement of
the first transducer relative to the scan head provided by the first actuator. For
example, the control signal may be generated so that a vertical distance between the
object and the first transducer remains essentially constant during scanning of the
object. The first detection signal and/or the control signal derived from the first
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detection signal may be used by the controller for controlling the vertical movement
of the second transducer relative to the scan head provided by the third actuator. For
example, the vertical distance between the first transducer and the second transducer
may be maintained at a predetermined value during scanning of the object. For
example, the controller may be configured to control the vertical movement of the first
and second transducers provided by the first and third actuators, respectively, based
on the first detection signal (and/or the control signal) so that the distance between the
first transducer and the second transducer remains essentially constant during
scanning of the object. This is particularly useful when the object is composed of at
least one layer and is slightly bent. While the controller controls the vertical movement
of the first transducer provided by the first actuator so that the first acoustic pulses
remain focused on the surface of the object (or another predefined path relative
thereto) during scanning of the object, the distance between the first and second
transducers is maintained essentially constant (by controlling the third transducer
based on the first detection signal or the control signal) so that the focal points of both
the first and second transducers essentially coincide during scanning of the object.

Additionally or alternatively, the controller may be configured to control vertical
movement of the second transducer relative to the scan head provided by the third
actuator based on the second detection signal. For example, the controller may be
configured to control the third actuator so that an intensity of the second detection
signal is maximized. When the intensity of the second detection signal is maximized,
it may be assumed that the focal point generated by the first transducer and the focal
point generated by the second transducer coincide with respect to the vertical
direction. Thus, the signal to noise ratio of the second detection signal can be improved
which improves the accuracy of the inspection of the object.

In addition or alternatively, the controller may be configured to calculate a frequency-
domain representation of the second detection signal and to control the vertical
movement of the second transducer relative to the scan head provided by the third
actuator based on the frequency-domain representation of the second detection signal.
In particular, the frequency-domain amplitude distribution of the second detection
signal and the bandwidth of the second detection signal may be suitable quantities for
the alignment so that the controller may be configured control the vertical movement
of the second transducer relative to the scan head provided by the third actuator based
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on the frequency-domain amplitude distribution of the second detection signal and/or
the bandwidth of the second detection signal. As a specific example, coarse alignment
of the first transducer relative to the second transducer in the vertical direction may
be achieved by using the intensity of the second detection signal in the time-domain,
whereas fine alignment may be achieved by using at least one of the frequency-domain
representation of the second detection signal, the frequency-domain amplitude
distribution of the second detection signal, and the bandwidth of the second detection
signal.

According to another embodiment, the ultrasonic microscope further comprises a
fourth actuator configured to move the object holder relative to the scan head along
the vertical direction, and wherein the controller is further configured to control the
fourth actuator so that the object can be variably positioned relative to the focal point
generated by the first actuator in the vertical direction.

According to this embodiment, the fourth actuator is provided to move the object
holder relative to the scan head and, thus, relative to the focal point of the first acoustic
pulses generated by the first transducer. While the positioning of the first transducer
and the second transducer relative to each other and, thus, the positioning of the focal
point generated by the first transducer and the focal point generated by the second
transducer relative to each other are maintained, the positioning of the focal point
generated by the first transducer relative to the object may be variably set using the
fourth actuator moving the object holder relative to the scan head along the vertical
direction. Accordingly, the location of the object to be analyzed may be easily altered
using the fourth actuator while the alignment of the first transducer and the second
transducer is maintained. This provides an effective way for setting the location of the
object to be analyzed along the vertical direction without additional overhead with
respect to the controlling of the first and second transducers. Note that the location of
the object to be analyzed along the lateral direction may also be easily changed while
maintaining the relative positioning of the first and second transducers by the scan-
head positioning device which is configured to move both, the first and second
transducers, relative to the scan head along the lateral direction.

According to another embodiment, the scan-head positioning device is configured to
displace the scan head at most by a first displacement value, wherein the second
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actuator is configured to displace the first transducer relative to scan head at most by
a second displacement value, and wherein a ratio of the first displacement value to the
second displacement value is at least 10, in particular at least 100 or at least 1000.

According to this embodiment, both the scan-head positioning device and the second
actuator are configured to perform movements in the lateral direction. In particular,
the scan-head positioning device is configured to move the scan head relative to the
object region in the lateral direction whereas the second actuator is configured to move
the first transducer relative to the scan head in the lateral direction. The first
displacement value is much larger than the second displacement value. Accordingly,
the scan-head positioning device is used for large displacements of the entire scan
head with respect to the object while the second actuator is used for small
displacements such as the alignment of the first and second transducers.

According to another embodiment, the ultrasonic microscope may further comprise
an immersion apparatus configured to provide an incessant connection of an
immersion liquid between the first transducer and the object. In embodiments in which
the ultrasonic microscope also comprises the second transducer, the immersion
apparatus may be further configured to provide an incessant connection of the
immersion liquid between the second transducer and the object.

The immersion liquid may be liquid near room temperature, e.g. at 20°C. The
immersion liquid may comprise at least one of water, oil, liquid metals and liquid
metal alloys.

The incessant connection of the immersion liquid between the first transducer and the
object and the second transducer and the object, respectively, allows to obtain a greater
numerical aperture for generating the respective focal points and thus improves the
resolution.

Different kinds of immersion apparatuses may be used. For example, the immersion
apparatus may comprise a jet generation device wherein the jet generation device may
be configured to generate a first incessant jet of the immersion liquid between the first
transducer and the object (object region) and/or a second incessant jet of the
immersion liquid between the second transducer and the object (object region). The
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jet generation device may be attached to the scan head. While the jet generation device
adds complexity to the ultrasonic microscope, neither the first transducer nor the
second transducer must be moved within a bath of the immersion liquid as is known
in the related art. Moving the first and/or second transducer within a bath of the
immersion liquid generally reduces the speed by which the first and/or second
transducer can be moved relative to the object. Further, by avoiding the necessity to
move the first and/or second transducers in a bath of the immersion liquid, the
problem of fluid resistance (drag) may be avoided.

According to another example, the immersion apparatus may comprise a receptacle
for containing the immersion liquid. The receptacle may be filled with the immersion
liquid so that the object region is partially located within the immersion liquid. That
IS, the receptacle may be filled with the immersion liquid so that an object in the object
region is partially located within the immersion liquid.

In this example, assuming that the first transducer is located in the vertical direction
above the object region and that the second transducer is located in the vertical
direction below the object region, the second detection pulses detected by the second
transducer propagate in a bath of immersion liquid defined by the receptacle. This
example may be improved by providing the above-described jet generation device
configured to generate the first incessant jet of the immersion liquid between the first
transducer and the object. Still further improvement of the example can be achieved
by further providing the above-described jet generation device configured to generate
the second incessant jet of the immersion liquid between the second transducer and
the object whereby micro (air) bubbles between the second transducer and the object
can be removed.

According to jet another example, the receptacle may be filled with immersion liquid
so that the first transducer above the object region is at least partially located within
immersion liquid, i.e. within the bath of immersion liquid provided by the receptacle.
According to this example, no jet generation device is required because both the first
and the second transducers are at least partially located within the immersion liquid
contained in the receptacle. However, the immersion apparatus may still comprise the
jet generation device described above for removing micro (air) bubbles within the
immersion liquid between the first and/or second transducer and the object.
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According to another embodiment, the first transducer is disposed above the object
region. In an example of this embodiment, the first transducer is disposed, in the
vertical direction, above the object region and, thus, above an object locatable in the
object region. The vertical direction is defined as a direction which is essentially
parallel to the emission direction of the first acoustic pulses. However, the vertical
direction may also be defined as a direction which is essentially antiparallel to the
direction of the gravitational force of the ultrasonic microscope.

According to another embodiment, the first transducer is configured to emit the first
acoustic pulses so that the first acoustic pulses have an acoustic frequency above a
threshold frequency, wherein the threshold frequency is selected from a group of
threshold frequencies and the group of threshold frequencies comprises 10 MHz and
15 MHz.

According to another aspect of the present invention, a carrier for carrying an acoustic
pulse transducer of an ultrasonic microscope within an immersion liquid is provided
wherein the carrier comprises a first portion to be located within the immersion liquid
and a second portion to be located outside the immersion liquid, wherein the first
portion comprises a solid structure having openings allowing the immersion liquid to
flow through the first portion, wherein a first value represents a total area of the
openings in a cross section of the first portion, wherein a second value represents a
total area of the solid structure in the cross section of the first portion and wherein a
ratio of the first value to the second value is greater than 5, in particular greater than
10, more in particular greater than 20.

The carrier described above may be used for carrying an acoustic pulse transducer of
one of the ultrasonic microscopes defined above. For example, in the embodiment of
the ultrasonic microscope described above in which the first transducer is located in
the vertical direction above the object region and the second transducer is located in
the vertical direction below the object region and a receptacle is provided and filled
with the immersion liquid up to the object region, the second transducer is moved in
the immersion liquid when the scan head is moved relative to the object region.
Therefore, drag acts on the second transducer and the carrier carrying the second
transducer. That is, the second transducer is supported by the scan head by means of
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the carrier. The above described carrier provides for a minimized drag due to the
openings in the solid structure of the first portion of the carrier. These openings allow
the immersion liquid to flow through the carrier, in particular through the first portion
of the carrier. Accordingly, the drag acting on the carrier when moving the carrier
within the immersion liquid is minimized by the above described structure of the
carrier. Accordingly, the second transducer and the carrier may be quickly moved
through the immersion liquid which allows for a quick inspection of the object.

The first portion of the carrier may have a length of at least 10 cm, in particular at least
30 cm in the cross section and may have a length of not more than 1 m, in particular
not more than 60 cm, in the cross section. That is, a fairly long side of the carrier is
represented in the cross section. In particular the cross section may be arranged
orthogonal to a direction which is used for moving the scan head relative to the object
region. For example, assuming that an object is inspected by scanning the object line
by line, the cross section is selected so that the cross section is orthogonal to the
direction of a line. Accordingly, the cross section represents a face of the carrier on
which drag acts when the carrier is moved through the immersion liquid.

According to an embodiment, the solid structure of the carrier is shaped so that
essentially no lift and/or drag is generated when the first portion is moved in the
immersion liquid. In the terminology of the description of the ultrasonic microscope,
the solid structure is shaped so that no force along the vertical direction acts on the
carrier and the second transducer due to lift when the scan head is moved in the lateral
direction.

BRIEF DESCRIPTION OF THE DRAWINGS

The forgoing as well as other advantageous features of the disclosure will be more
apparent from the following detailed description of exemplary embodiments with
reference to the accompanying drawings. It is noted that not all possible embodiments
necessarily exhibit each and every, or any, of the advantages identified herein.

Figure 1 schematically illustrates an ultrasonic microscope according to a first
embodiment,
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Figure 2 schematically illustrates the interaction of an ultrasonic microscope
with an object,

Figure 3 illustrates a block diagram of components of the ultrasonic microscope
according to the first embodiment,

Figure 4 schematically illustrates alignment of focal points generated by
components of the ultrasonic microscope,

Figure 5 illustrates exemplary time-domain and frequency-domain signals
used for the alignment of the focal points,

Figure 6 illustrates an example of controlling a first actuator of the ultrasonic
microscope,
Figure 7 schematically illustrates an ultrasonic microscope according to a

second embodiment,

Figure 8 schematically illustrates an ultrasonic microscope according to a third
embodiment,

Figure 9 illustrates a perspective view of a carrier for an ultrasonic microscope,
and

Figure 10 illustrates a cross sectional view of the carrier of FIG. 9.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

In the exemplary embodiments described below, components that are alike in function
and structure are designated as far as possible by alike reference numerals. Therefore,
to understand the features of the individual components of a specific embodiment, the
descriptions of other embodiments and of the summary of the disclosure should be
referred to.
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FIG. 1 illustrates a first embodiment of an ultrasonic microscope 1 for inspecting an
object 3. The ultrasonic microscope 1 comprises an object holder 5 configured to hold
the object 3 in an object region 7. The ultrasonic microscope 1 further comprises a
scan head 9 which is movable with respect to the object region 7. The ultrasonic
microscope 1 further comprises a first transducer 11 supported by the scan head 9 by
means of a first actuator 13 and a second actuator 15. The first transducer 11 is
explained in more detail with reference to FIG. 2.

FIG. 2 schematically illustrates the interaction of the ultrasonic microscope 1 with the
object 3. The first transducer 11 is configured to emit first acoustic pulses 17 (which
are schematically illustrated by an arrow). The first transducer 11 emits the first
acoustic pulses 17 along an emission direction which is represented by the direction
of the arrow representing the first acoustic pulses. Further, the first transducer 11
focuses the first acoustic pulses 17 in a focal point 20 illustrated by the tip of a triangle.

When the first acoustic pulses are directed onto the object 3, second acoustic pulses
emerge from the object 3. An example of a second acoustic pulse emerging from the
object towards the first transducer is represented by an arrow 21. Such a second
acoustic pulse may be (partially) reflected by the object.

The first transducer 11 is further configured to detect the second acoustic pulses
emerging from the object 3. Further, the first transducer 11 is configured to output a
first detection signal S1 representing the second acoustic pulses detected by the first
transducer 11. The focal point 20 also applies for the detection section of the first
transducer.

Referring again to FIG. 1, the first actuator 13 is configured to move the first transducer
11 relative to the scan head 9 along a vertical direction 23 indicated by an arrow. The
vertical direction is essentially parallel to the emission direction of the first acoustic
pulses. In particular, in the present example, the vertical direction is parallel to the
emission direction of the first acoustic pulses.

The second actuator 15 is configured to move the first transducer 11 relative to the
scan head 9 along a lateral direction 25 which is indicated by an arrow. The lateral
direction is essentially orthogonal to the vertical direction.
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The ultrasonic microscope 1 further comprises a second transducer 27 which is
supported by the scan head 9 so that the object region 7 is located between the first
transducer 11 and the second transducer 27. Referring to FIG. 2 again, the second
transducer 27 is configured to detect the second acoustic pulses emerging from the
object 3 towards the second transducer 27. An example of a second acoustic pulse
transmitted through the object 3 towards the second transducer 27 is represented by
an arrow 29. The second transducer 27 is further configured to output a second
detection signal S2 representing the second acoustic pulses detected by the second
transducer 27. The second transducer provides a focal point 28 for detection which is
represented by the tip 28 of a triangle.

Referring again to FIG. 1, the second transducer 27 is supported by the scan head 9 by
means of a third actuator 31 and a carrier 33. In particular, the second transducer 27
iIs rigidly connected to the carrier 33 which itself is supported by the scan head 9 by
means of the third actuator 31. The third actuator 31 is configured to move the second
transducer 27 relative to the scan head 9 along the vertical direction 23.

The ultrasonic microscope 1 further comprises an immersion apparatus 35 configured
to provide an incessant connection of an immersion liquid 37 between the first
transducer 11 and the object 3. Further, the immersion apparatus 35 is configured to
provide an incessant connection of the immersion liquid 37 between the second
transducer 27 and the object 3.

The immersion apparatus 35 comprises a receptacle 39 for containing the immersion
liquid 37. The receptacle 39 provides a volume in which the immersion liquid 37 is
held. Further, the receptacle 39 is configured and arranged so that the object region 7
and the second transducer 27 are located within said volume and so that the first
transducer 11 is at least partially located within said volume. As the volume can be
filled with the immersion liquid 37, the receptacle 39 provides an incessant connection
between the object 3 and the first transducer 11 and an incessant connection between
the object 3 and the second transducer 27.

The ultrasonic microscope 1 further comprises a fourth actuator 41 configured to
move the object holder 5 relative to the scan head 9 along the vertical direction 23. By
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means of the fourth actuator 41, the object 3 can be simultaneously displaced relative
to the first transducer 11 and the second transducer 27 which allows to easily
set/change focus within the object in the vertical direction 23.

FIG. 3 illustrates a block diagram of components of the ultrasonic microscope 1. In
particular, FIG. 3 illustrates the first actuator 13, the second actuator 15, the third
actuator 31, and the fourth actuator 41 which are connected to a controller 43 of the
ultrasonic microscope 1. Further, the first transducer 11 and the second transducer 27
are connected to the controller 43. The controller comprises a memory 51.

The ultrasonic microscope 1 further comprises a scan-head positioning device 45
connected to the controller 43. The scan-head positioning device is configured to move
the scan head 9 relative to the object holder 5 and, thus, relative to the object 3 in a
lateral plane which is essentially orthogonal to the vertical direction 23. Accordingly,
the lateral plane is also indicated by numeral 25 in FIG. 1. For simplifying the drawing
of FIG. 1, the scan-head positioning device 45 is not illustrated. However, the scan-
head positioning device 45 is configured to move the scan head 9 and, thus, the first
transducer 11 and the second transducer 27 in the lateral plane 25.

Referring again to FIG. 1, the scan-head positioning device 45 is configured to displace
the scan head 9 at most by a first displacement value indicated by a distance D1. The
second actuator 15 is configured to displace the first transducer 11 relative to the scan
head 9 at most by a second displacement value indicated by a distance D2. A ratio of
the first displacement value D1 to the second displacement value D2 may be, for
example, at least 10. That is, the scan-head positioning device 45 can be used to
displace the first transducer 11 relative to the object 3 by a large amount whereas the
second actuator 15 can be used to displace the first transducer 11 relative to the object
3 by a small amount.

The configuration of the controller 43 is described in more detail below. The controller
43 is configured to control the first actuator 13 based on the first detection signal S1.
In particular, referring to FIG. 2, the controller 43 may be configured to cause the first
transducer 11 to emit the first acoustic pulses 17. A distance H between the first
transducer 11 and the object 3, in particular between a surface 47 of the object 3 may
be determined based on the propagation time of a first acoustic pulse from the first
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transducer 11 to the surface 47 and the propagation time of a (reflected) second
acoustic pulse from the surface 47 to the first transducer 11. That is, the distance H
can be determined using the time of flight of an acoustic pulse emitted from the first
transducer 11, reflected at the surface 47 and detected by the first transducer 11.
Further parameters such as sonic velocity, a parameter describing the influence of a
medium between the first transducer 11 and the object 3 (e.g. air or the immersion
liquid 37) on the sonic velocity, a parameter describing the influence of material of the
object 3 on the sonic velocity etc. may be stored in the memory 51 and used for
determining the distance H. Accordingly, the controller 43 may be configured to
determine a distance value representing the distance H and to control the first actuator
13 based on the determined distance value.

In particular, the controller 43 may be configured to control the first actuator 13 so
that the distance H between the first transducer 11 and the object 3, in particular the
distance between the first transducer 11 and the surface 47 of the object 3, approaches
a predefined working distance Ho. In the example illustrated in FIG. 2, the predefined
working distance Hy is equivalent to the focal length of the first transducer 11, i.e.
equivalent to the distance between the first transducer 11 and the focal point 20. This
setup may be employed when the surface 47 of the object 3 is to be inspected where a
particular analysis target 49 may be located.

As the controller 43 is configured to determine the distance value representing the
distance H, the controller may be also configured to control the first actuator 13 to
move the first transducer 11 relative to the scan head 9, and thus relative to the object
3, so that the distance H approaches the predefined working distance Ho.

Alternative to controlling the distance H to approach a predefined working distance
Ho, the controller may be configured to determine a defocusing value representing a
distance O between the focal point 20 and a location of interest of the object 3 based
on the determined distance value H. In the example illustrated in FIG. 2, the location
of interest coincides with the surface 47 of the object 3. However other locations within
the object 3 may also be locations of interest.

For example, the controller 43 may store a value representing the focal length of the
first transducer 11, i.e. the distance between the first transducer 11 and the focal point
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20, in the memory 51. Based on said value and the previously determined distance
value H, the controller may be configured to determine the defocusing value
representing the distance O and to control the first actuator 13 based on the defocusing
value.

More details of the configuration of the controller 43 are described with reference to
FIG. 4. In the situation illustrated in FIG. 4, the focal point 20 generated by the first
transducer 11 and the focal point 28 of the second transducer 27 are displaced relative
to each other in the lateral direction 25 and the vertical direction 23. The highest
accuracy for inspecting the object 3 is obtained when both focal points coincide. In
order to bring both focal points into coincidence, the controller 43 may be configured
to control the second actuator 15 based on the second detection signal S2 output by
the second transducer 27. As described above, the second actuator 15 is configured to
move the first transducer 11 relative to the scan head 9 in the lateral direction 25.
Therefore, the second actuator 15 can move the first transducer 11 and, thus, the focal
point 20 of the first transducer 11 in the lateral direction 25 so that the displacement
between the focal points 20 and 28 along the lateral direction is minimized.
Accordingly, the controller 43 may be configured to control the second actuator 15 so
that the first transducer 11 is aligned with the second transducer 27 along the lateral
direction 25. In particular, this may be achieved in that the controller 43 is configured
to control the second actuator 15 so that an intensity of the second detection signal S2
IS maximized. By maximizing the intensity of the second detection signal S2, the
displacement between the focal points 20 and 28 in the lateral direction 25 is
minimized.

Further, the controller 43 may be configured to control the third actuator 31 based on
the second detection signal S2 in order to minimize the displacement between the focal
points 20 and 28 in the vertical direction 23. For example, this may be achieved in that
the controller 43 is configured to control the third actuator 31 so that an intensity of
the second detection signal S2 is maximized. By maximizing the intensity of the
second detection signal S2, the displacement between the focal points 20 and 28 in the
vertical direction is minimized.

Referring to FIG. 5, alignment of the first transducer 11 and the second transducer 27
relative to each other and alignment of the focal points 20 and 28 relative to each other
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as performed by the controller based on the second detection signal S2 is explained in
more detail.

Graph G1T illustrates an exemplary representation of the second detection signal S2
in the time-domain when the first transducer 11 and the second transducer 27 are
aligned badly, i.e. when the focal points 20 and 28 are far from coinciding. Graph G1F
shows a frequency-domain representation of the signal illustrated in graph G1T.

Graph G2T illustrates an exemplary representation of the second detection signal S2
in the time-domain when the first transducer 11 and the second transducer 27 are
aligned mediocrely, i.e. when the focal points 20 and 28 are in proximity to each other,
e.g. separated by 100 um. Graph G2F shows a frequency-domain representation of the
signal illustrated in graph G2T.

Graph G3T illustrates an exemplary representation of the second detection signal S2
in the time-domain when the first transducer 11 and the second transducer 27 are well
aligned, i.e. when the focal points 20 and 28 essentially coincide. Graph G3F shows a
frequency-domain representation of the signal illustrated in graph G3T.

The second detection signal S2 in the time-domain (graphs G1T, G2T, G3T), in
particular its maximum value, intensity value and the like, may be used as a quantity
representing the quality of the alignment of the focal points 20 and 28. However, a
quantified interpretation of the quantity may be difficult to achieve so that the time-
domain signals are best used for a coarse alignment. The second detection signal S2 in
the frequency domain (graphs G1F, G2F, G3F), in particular its amplitude spectrum
(e.g. components at 30 to 80 MHz) and bandwidth, may allow for a more precise and
simpler interpretation. As can be understood from the graphs G1F, G2F, G3F, the
bandwidth of the second detection signal S2 in the frequency domain increases as the
alignment improves. Also, the amplitudes of higher frequency components (e.g.
components at 30 to 80 MHz) of the second detection signal S2 in the frequency
domain increase as the alignment improves. Therefore, the frequency-domain signals
are best used for a fine alignment.

Referring again to FIG. 1, the controller 43 may be further configured to control the
fourth actuator 41 so that the object 3 can be variably positioned relative to the focal
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point 20 in the vertical direction 23. Accordingly, the object 3 can be displaced relative
to the focal point 20 by controlling the fourth actuator 41.

FIG. 6 illustrates another example of controlling the first actuator 13 of the ultrasonic
microscope 1. As described above, the scan-head positioning device 45 is configured
to move the scan head 9 relative to the object holder 5 in the lateral plane/lateral
direction 25. The controller 43 is accordingly configured to control the scan-head
positioning device 45 to move the scan head 9, and thus the first transducer 11, to a
plurality of positions x1, x2 and x3 one after another. As illustrated in FIG. 6, the
surface 47 of the objects 3 may not be oriented parallel to the lateral direction 25. If
the surface 47 of the object 3 is to be analyzed, during scanning of the object 3, i.e.
during the movement of the first transducer 11 to the plurality of positions x1, X2 and
x3, the focal point 20 of the first transducer 11 must be controlled to coincide with the
surface 47 of the object 3 in order to achieve the desired accuracy.

By way of example illustrated in FIG. 6, the first transducer 11 is first positioned in the
lateral direction 25 at the position x1 and the first actuator 13 is controlled so that the
focal point 20 coincides with the surface 47 of the object 3. When the scan head 9 is
positioned such that the first transducer 11 is positioned in the lateral direction 25 at
position x1, the controller 43 causes the first transducer 11 to emit at least one of the
first acoustic pulses, to detect at least one of the second acoustic pulses and to output
the first detection signal S1. The controller 43 is further configured to store the first
detection signal S1 or a value derived therefrom in association with the position x1 in
the memory 51.

When proceeding the scanning, for example by moving the scan head 9 in the lateral
direction 25 to move the first transducer 11 to the position x2, the first detection
signals of values derived therefrom stored in the memory 51 may be used to control
the first actuator 13. For example, it may be assumed that the first actuator 13 must be
controlled, when the first transducer 11 is at the position x2, only slightly different
compared to case when the first transducer 11 is at the position x1. Based on the first
detection signal or the value derived therefrom stored in the memory 51, a prediction
value for controlling the first actuator 13 at the next position x2 can be determined by
the controller even before moving the first transducer 11 to the position x2.
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After movement of the first transducer 11 to the position x2, the controller 43 causes
the first transducer 11 to emit yet another first acoustic pulse, detect yet another second
acoustic pulse and output yet another first detection signal S1. This detection signal
or a value derived therefrom is stored in association with the position x2 in the
memory 51.

Based on the first detection signals or the values derived therefrom stored in the
memory 51, a new prediction value for controlling the first actuator 13 at the next
position x3 can be determined by the controller even before moving the first
transducer 11 to the position x3. The prediction value represents a value that
approaches the actual value for controlling the first actuator 13 when the first
transducer 11 is positioned at the position x3. However, the prediction value is
calculated in advance, i.e. before the first transducer 11 is positioned at the position
X3.

FIG. 7 illustrates a second embodiment of an ultrasonic microscope 101. The
ultrasonic microscope 101 differs from the ultrasonic microscope 1 only in the
configuration of the immersion apparatus. Therefore, reference is made to the
description of the first embodiment with respect to components of the ultrasonic
microscope 101 that are identical to those of the first embodiment. The ultrasonic
microscope 101 comprises an immersion apparatus 135. The immersion apparatus
135 comprises a receptacle 139 which is similar to the receptacle 39 of the first
embodiment. However, the receptacle 139 is configured and arranged so that the
object region 7 is partially located within the volume defined by the receptacle 139
and filled with the immersion liquid 37.

The immersion apparatus 135 further comprises a jet generation device 141
configured to generate a first incessant jet 143 of the immersion liquid between the
first transducer 11 and the object 3. Accordingly, the same effects as those presented
for the first embodiment are also achieved with the second embodiment.

FIG. 8 illustrates a third embodiment of the present invention. FIG. 8 illustrates an
ultrasonic microscope 201 which differs from the ultrasonic microscope 1 of the first
embodiment only in the configuration of the immersion apparatus. Therefore,
reference is made to the description of the first embodiment with respect to
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components of the ultrasonic microscope 201 that are identical to those of the first
embodiment. The ultrasonic microscope 201 comprises an immersion apparatus 235
comprising a jet generation device 241 configured to generate a first incessant jet 243
of the immersion liquid between the first transducer 11 and the object 3 and to
generate a second incessant jet 245 of the immersion liquid between the object 3 and
the second transducer 27. The immersion apparatus 235 further comprises a
receptacle 239 configured and arranged to hold the immersion liquid 37 output by the
jet generation device 241. Accordingly, the same effects as those presented for the first
embodiment are also achieved with the third embodiment.

FIG. 9 illustrates a perspective view of a carrier 301 for carrying an acoustic pulse
transducer of an ultrasonic microscope within an immersion liquid. The carrier 301
may be used as the carrier 33 illustrated in figures 1, 6 and 7. Accordingly, the carrier
301 may be configured to carry the second transducer 27 for supporting the second
transducer 27 by the scan head 9.

FIG. 10 illustrates a cross section of the carrier 301. The cross section may be defined
to be orthogonal to a direction along which the carrier 301 is moved through the
immersion liquid 37 when the scan head 9 is moved relative to the object holder 5.

The carrier 301 comprises a first portion 303 to be located within the immersion liquid
37 and a second portion 305 to be located outside the immersion liquid 37.

The first portion 303 comprises a solid structure 307 having openings 309 allowing
the immersion liquid 37 to flow through the first portion 303. The faces of the first
portion 303 may be characterized in terms of drag acting on the faces. For example, a
total area of the openings 309 in the cross section illustrated in FIG. 10 may be
represented by a first value wherein the total area of the solid structure 307 in the
same cross section may be represented by a second value. The first portion 303 of the
carrier 301, in particular the solid structure 307, may be constructed so that a ratio of
the first value to the second value is greater than a particular threshold value. The
greater the particular threshold value, the less drag acts on the carrier 301 when
moved through the immersion liquid 37. The particular threshold value may be
greater than 5, in particular greater than 10 or more in particular greater than 20.
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Accordingly, drag on the first portion is minimized by the configuration of the solid
structure 307.

A length L of the first portion 303 in the cross section may be between 10 cm and 1 m,
in particular between 30 cm and 60 cm.

Further, the solid structure 307 may be shaped so that essentially no lift acts on the
solid structure 307 when the first portion 303 is moved in the immersion liquid 37 in
the direction orthogonal to the cross section illustrated in FIG. 10. Accordingly, the
position of the focal point 28 of the second transducer 27 is not altered in the vertical
direction 23 when the carrier 301 is moved relative to the object 3 in the immersion
liquid 37.

While the disclosure has been described with respect to certain exemplary
embodiments thereof, it is evident that many alternatives, modifications and
variations will be apparent to those skilled in the art. Accordingly, the exemplary
embodiments of the disclosure set forth herein are intended to be illustrative and not
limiting in any way. Various changes may be made without departing from the spirit
and scope of the present disclosure as defined in the following claims.
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Claims

An ultrasonic microscope for inspecting an object,

wherein the ultrasonic microscope comprises:

an object holder configured to hold the object in an object region;
a scan head movable relative to the object region;

a first transducer supported by the scan head,

wherein the first transducer is configured to emit first acoustic pulses along
an emission direction and to focus the first acoustic pulses in a focal point,
and

wherein the first transducer is further configured to detect second acoustic
pulses emerging from the object and to output a first detection signal
representing the second acoustic pulses detected by the first transducer;

a first actuator configured to move the first transducer relative to the scan head
along a vertical direction which is essentially parallel to the emission direction;

and

a controller configured to:

control vertical movement of the first transducer relative to the scan head
provided by the first actuator based on the first detection signal- control

emission of the first acoustic pulses by the first transducer,

determine a distance value representing a distance between the first
transducer and the object based on the first detection signal, and

control the vertical movement of the first transducer relative to the scan
head provided by the first actuator based on the determined distance value.

The ultrasonic microscope according to claim 1,
wherein the controller is further configured to:

control the vertical movement of the first transducer relative to the scan
head provided by the first actuator so that the distance between the first
transducer and the object approaches a predefined working distance.
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The ultrasonic microscope according to claim 1,

wherein the controller is further configured to:

—  determine a defocusing value representing a distance between the focal
point and a location of interest of the object based on the determined
distance value, and

— control the vertical movement of the first transducer relative to the scan
head provided by the first actuator based on the defocusing value.

The ultrasonic microscope according to any one of claims 1 to 3, further
comprising:

a scan-head positioning device configured to move the scan head relative to the
object holder in a lateral plane which is essentially orthogonal to the vertical
direction.

The ultrasonic microscope according to claim 4,

wherein the controller is further configured to:

— control the scan-head positioning device so that the scan head is positioned
at a plurality of positions,

—  perform, each time the scan head is positioned at one of the plurality of
positions, causing the first transducer to emit at least one of the first acoustic
pulses, detecting at least one of the second acoustic pulses and outputting
the first detection signal,

—  store the first detection signals or values derived from the first detection
signals in association with the plurality of positions, and

— control the vertical movement of the first transducer relative to the scan
head provided by the first actuator based on a set of the stored first detection
signals or derived values.

The ultrasonic microscope according to claim 4, further comprising:

a second actuator configured to move the first transducer relative to the scan
head along a lateral direction which is essentially orthogonal to the vertical
direction;

wherein the scan-head positioning device is configured to displace the scan head
at most by a first displacement value;
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wherein the second actuator is configured to displace the first transducer relative
to the scan head at most by a second displacement value; and

wherein a ratio of the first displacement value to the second displacement value
Is at least 10.

An ultrasonic microscope for inspecting an object,
wherein the ultrasonic microscope comprises:
an object holder configured to hold the object in an object region;
a scan head movable relative to the object region;
a first transducer supported by the scan head,
wherein the first transducer is configured to emit first acoustic pulses along
an emission direction and to focus the first acoustic pulses in a focal point,
and
wherein the first transducer is further configured to detect second acoustic
pulses emerging from the object and to output a first detection signal
representing the second acoustic pulses detected by the first transducer;
a first actuator configured to move the first transducer relative to the scan head
along a vertical direction which is essentially parallel to the emission direction;
a controller configured to control vertical movement of the first transducer
relative to the scan head provided by the first actuator based on the first detection
signal; and
a second transducer supported by the scan head so that the object region is
located between the first transducer and the second transducer;
wherein the second transducer is configured to detect the second acoustic pulses
emerging from the object and to output a second detection signal representing
the second acoustic pulses detected by the second transducer.

The ultrasonic microscope according to claim 7, further comprising:

a second actuator configured to move the first transducer relative to the scan
head along a lateral direction which is essentially orthogonal to the vertical
direction; and

wherein the controller is further configured to control lateral movement of the
first transducer relative to the scan head provided by the second actuator based
on the second detection signal.
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The ultrasonic microscope according to claim 8, wherein the controller is
configured to control the lateral movement of the first transducer relative to the
scan head provided by the second actuator so that the first transducer is aligned
with the second transducer along the lateral direction.

The ultrasonic microscope according to claim 9, wherein the controller is
configured to control the lateral movement of the first transducer relative to the
scan head provided by the second actuator so that an intensity of the second
detection signal is maximized.

The ultrasonic microscope according to claim 9 or 10, wherein the controller is
configured to calculate a frequency-domain representation of the second
detection signal and to control the lateral movement of the first transducer
relative to the scan head provided by the second actuator based on the frequency-
domain representation of the second detection signal.

The ultrasonic microscope according to any one of claims 7 to 11, further
comprising:

a third actuator configured to move the second transducer relative to the scan
head along the vertical direction.

The ultrasonic microscope according to claim 12, wherein the controller is
further configured to control vertical movement of the second transducer relative
to the scan head provided by the third actuator based on the first detection signal.

The ultrasonic microscope according to claim 13, wherein the controller is
configured to calculate a control signal for controlling the vertical movement of
the first transducer relative to the scan head provided by the first actuator based
the first detection signal,

wherein the controller is further configured to control vertical movement of the
second transducer relative to the scan head provided by the third actuator based
on the control signal.
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The ultrasonic microscope according to any one of claims 12 to 14, wherein the
controller is further configured to control vertical movement of the second
transducer relative to the scan head provided by the third actuator based on the
second detection signal.

The ultrasonic microscope according to claim 15, wherein the controller is
configured to control the vertical movement of the second transducer relative to
the scan head provided by the third actuator so that an intensity of the second
detection signal is maximized.

The ultrasonic microscope according to claim 15 or 16, wherein the controller is
configured to calculate a frequency-domain representation of the second
detection signal and to control the vertical movement of the second transducer
relative to the scan head provided by the third actuator based on the frequency-
domain representation of the second detection signal.

The ultrasonic microscope according to any one of claims 1 to 17, further
comprising:

a fourth actuator configured to move the object holder relative to the scan head
along the vertical direction; and

wherein the controller is further configured to control the fourth actuator so that
the object can be variably positioned relative to the focal point in the vertical
direction.

The ultrasonic microscope according to any one of claims 1 to 18,
wherein the first transducer is disposed above the object region.

The ultrasonic microscope according to any one of claims 1 to 19,

wherein the first transducer is configured to emit the first acoustic pulses so that
the first acoustic pulses have an acoustic frequency above a threshold frequency,
wherein the threshold frequency is selected from a group of threshold
frequencies and the group of threshold frequencies comprises 10 MHz and
15 MHz.



