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DESCRIPTION

Title of Invention
SEMICONDUCTOR DEVICE INSPECTION APPARATUS AND
SEMICONDUCTOR DEVICE INSPECTION METHOD
Technical Field
[0001] The present disclosure relates to a semiconductor device
inspection apparatus and a semiconductor device inspection method.
Background Art
[0002] Patent Literature 1 discloses an apparatus that inspects a
semiconductor integrated circuit using ultrasonic heating. In this
inspection apparatus, a semiconductor integrated circuit which is an
object to be inspected is irradiated with ultrasonic waves while electric
power is supplied from a constant voltage source. A current image or a
fault image of the semiconductor integrated circuit is generated by
detecting a change in a current flowing to ground wiring in accordance
with the ultrasonic wave irradiation.
Citation List
Patent Literature
[0003]

[Patent Literature 1] Japanese Unexamined Patent Publication
No. 8-320359
Summary of Invention
Technical Problem
[0004] The inspection apparatus of the related art as described above
does nothing but generate a current image or a fault image of a

semiconductor device by uniformly irradiating the semiconductor
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device with constant ultrasonic waves, and thus it cannot perform
various analyses on a semiconductor device.

[0005] An object of the present disclosure is to provide a
semiconductor device inspection apparatus and a semiconductor device
inspection method which make it possible to perform various analyses
on a semiconductor device.

Solution to Problem

[0006] According to an aspect, there is provided a semiconductor
device inspection apparatus that inspects a semiconductor device which
is an object to be inspected based on a result signal which is output in
accordance with input of a test pattern signal to the semiconductor
device, the apparatus including: an ultrasonic transducer, disposed to
face the semiconductor device, which generates ultrasonic waves; a
stage that moves a relative position of the semiconductor device and the
ultrasonic transducer; a stimulation condition control unit that controls a
condition of stimulation by the ultrasonic waves applied to the
semiconductor device; and an analysis unit that generates a
measurement image based on the result signal which is output from the
semiconductor device.

[0007] In such a semiconductor device inspection apparatus, the
ultrasonic transducer irradiates a semiconductor device with ultrasonic
waves, whereby a change in state of the semiconductor device may
occur. In a case where a change in state of the semiconductor device
occurs, the change in state is output as a result signal. The analysis
unit can analyze the semiconductor device by generating a measurement

image based on the result signal. The condition of stimulation by the
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ultrasonic waves applied to the semiconductor device is controlled by
the stimulation condition control unit, and thus it is possible to apply
various stimulations to the semiconductor device. Therefore, since a
result signal which is output in accordance with stimulation applied to
even the same semiconductor device may be changed, it is possible to
perform various analyses on a semiconductor device.

[0008] In addition, in an aspect, the stimulation condition control unit
may include a signal generation unit that outputs a driving signal for
driving the ultrasonic transducer to the ultrasonic transducer. In this
case, the signal generation unit may control at least one of frequency,
the number of pulses, a pulse interval, and pulse intensity of the
ultrasonic waves by controlling the driving signal. ~According to such
a configuration, the driving signal for driving the ultrasonic transducer
is controlled by the signal generation unit, and thus it is possible to
control the ultrasonic waves. Particularly, the frequency, the number
of pulses, the pulse interval, and the pulse intensity of the ultrasonic
waves are controlled, and thus the penetration length of the ultrasonic
waves, the magnitude of stimulation applied to the semiconductor
device, or the like may be controlled.

[0009] In addition, in an aspect, the stimulation condition control unit
may include a stage control unit that controls movement of the stage.
In this case, the stage control unit may control at least one of a
movement speed, a movement interval, and a movement distance of the
stage. According to such a configuration, the movement of the stage is
controlled by the stage control unit, and thus it is possible to control an

aspect of irradiation of the semiconductor device with the ultrasonic
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waves. Particularly, the movement speed, movement interval, and
movement distance of the stage are controlled, and thus, for example,
the time of irradiation with the ultrasonic waves may be controlled.
[0010] In addition, in an aspect, a reflected wave detection unit that
detects reflected waves of the ultrasonic waves reflected from the
semiconductor device may be further included, and the analysis unit
may generate a reflection image based on a detection signal from the
reflected wave detection unit. According to such a configuration, it is
possible to acquire a reflection image indicating a chip shape or a circuit
pattern of the semiconductor device.

[0011] In addition, in an aspect, the analysis unit may generate a
superimposed image having the measurement image and the reflection
image superimposed on each other. According to such a configuration,
since the measurement image and the reflection image indicating a chip
shape or a circuit pattern of the semiconductor device are superimposed
on each other, the identification of a failure position or the like is
facilitated.

[0012] In addition, in an aspect, the ultrasonic transducer may include
an array transducer. According to such a configuration, it is possible to
perform scanning in a direction along the array transducer without
moving the relative position of the ultrasonic transducer with respect to
the semiconductor device.

[0013] In addition, according to an aspect, there is provided a
semiconductor device inspection method of inspecting a semiconductor
device which is an object to be inspected, the method including: an

input step of inputting a test pattern signal to the semiconductor device;
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a stimulation condition control step of controlling a condition of
stimulation by the ultrasonic waves applied to the semiconductor
device; an ultrasonic wave scanning step of generating the ultrasonic
waves based on the condition and scanning the semiconductor device
with the ultrasonic waves; and a measurement image generation step of
generating a measurement image based on a result signal which is
output from the semiconductor device in accordance with input of the
test pattern signal.

[0014] In such a semiconductor device inspection method, the
semiconductor device is irradiated with ultrasonic waves, whereby a
change in state of the semiconductor device may occur. In a case
where a change in state of the semiconductor device occurs, the change
in state is output as a result signal. It is possible to analyze the
semiconductor device by generating a measurement image based on the
result signal. It is possible to apply various stimulations to the
semiconductor device by controlling the condition of stimulation by the
ultrasonic waves applied to the semiconductor device. Therefore,
since a result signal which is output in accordance with stimulation
applied to even the same semiconductor device may be changed, it is
possible to perform various analyses on a semiconductor device.

[0015] In addition, in an aspect, the stimulation condition control step
may include a signal generation step of generating a driving signal for
driving and controlling an ultrasonic transducer that generates the
ultrasonic waves. Particularly, the signal generation step may include
controlling at least one of frequency, the number of pulses, pulse

interval, and pulse intensity of the ultrasonic waves by controlling the
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driving signal. According to such a configuration, in the signal
generation step, the driving signal for driving the ultrasonic transducer
is controlled, and thus it is possible to control the ultrasonic waves.
Particularly, it is possible to control the penetration length of the
ultrasonic waves or the magnitude of stimulation applied to
semiconductor device by controlling the frequency, the number of
pulses, pulse interval, and pulse intensity of the ultrasonic waves.

[0016] In addition, in an aspect, the stimulation condition control step
may include a movement control step of controlling movement of a
position of irradiation of the semiconductor device with the ultrasonic
waves.  Particularly, the movement control step may include
controlling at least one of the movement speed, the movement interval
and the movement distance of the position of irradiation of the
semiconductor device with the ultrasonic waves. According to such a
configuration, in the movement control step, the movement of the
position of irradiation of the semiconductor device with the ultrasonic
waves 1s controlled, and thus it is possible to control an aspect of
irradiation of the semiconductor device with the ultrasonic waves.
Particularly, it is possible to control, for example, the time of irradiation
with the ultrasonic waves by controlling the movement speed,
movement interval, and movement distance of the relative position of
irradiation of the semiconductor device with the ultrasonic waves.

[0017] In addition, in an aspect, a reflection image generation step of
detecting reflected waves of the ultrasonic waves reflected from the
semiconductor device to generate a detection signal, and generating a

reflection image based on the detection signal may be further included.



10

15

20

25

According to such a configuration, it is possible to acquire a reflection
image indicating a chip shape or a circuit pattern of the semiconductor
device.

[0018] In addition, in an aspect, a superimposed image generation step
of generating a superimposed image having the measurement image and
the reflection image superimposed on each other may be further
included. According to such a configuration, since the measurement
image and the reflection image indicating a chip shape or a circuit
pattern of the semiconductor device are superimposed on each other, the
identification of a failure position or the like is facilitated.

Effects of Invention

[0019] According to a semiconductor device inspection apparatus and
a semiconductor device inspection method of an aspect, it is possible to
analyze a semiconductor device in various manners.

Brief Description of Drawings

[0020] FIG. 1 is a configuration diagram of a semiconductor device
inspection apparatus according to an embodiment.

FIG. 2 is a flow diagram illustrating a semiconductor device
inspection method which is executed by the semiconductor device
inspection apparatus.

FIG. 3 is a timing diagram illustrating each signal in the
semiconductor device inspection method.

FIG. 4 is an example of a measurement image in an
embodiment.

FIG. 5 is a timing diagram illustrating each signal in an

inspection method according to another embodiment.
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FIG. 6 is a schematic diagram illustrating an example of an
array transducer.
Description of Embodiments
[0021] Hereinafter, embodiments will be described in detail with
reference to the accompanying drawings. For convenience,
components which are substantially the same are denoted by the same
reference numerals and signs, and may not be described.
[0022] As shown in FIG. 1, a semiconductor device inspection
apparatus 1 according to the present embodiment is an apparatus that
acquires a result signal which is output in accordance with the input of a
test pattern signal to a semiconductor device D which is an object to be
inspected. In the semiconductor device inspection apparatus 1, a result
signal is acquired while the semiconductor device D with a package is
scanned with ultrasonic waves, thereby allowing the presence or
absence of a failure and the position of a failure to be identified and the
like. One side of the semiconductor device D serves as an inspection
surface Dt which is irradiated with ultrasonic waves W. The
semiconductor device D is held by a holding plate or the like in a state
where the inspection surface Dt is directed downward. On the
inspection surface Dt of the semiconductor device D, a chip within the
semiconductor device D may be exposed by polishing, cutting or the
like. In addition, the inspection surface Dt of the semiconductor
device D may be in a packaged state.
[0023] Examples of the semiconductor device D include a discrete
semiconductor element including a diode, a power transistor or the like,

an optoelectronics element, a sensor/an actuator, a logic large scale
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integration  (LSI) constituted by a transistor having a
metal-oxide-semiconductor (MOS) structure or a bipolar structure, a
memory element, a linear integrated circuit (IC), a mixed device
thereof, and the like. In addition, the semiconductor device D may be
a package including a semiconductor device, a composite substrate, and
the like.

[0024] An LSI tester 2 is electrically connected to the semiconductor
device D. The LSI tester 2 inputs a test pattern signal to the
semiconductor device D.  The test pattern signal is a signal for analysis
in which a signal of a certain pattern loops in a constant period. The
test pattern signal is set by, for example, a user. In addition, the LSI
tester 2 generates a result signal indicating Pass/Fail information based
on a test signal which is output from the semiconductor device D to
which a test pattern signal is input. For example, the LSI tester 2
compares a test signal which is output from the semiconductor device D
with a correct test signal according to a design with respect to a test
pattern signal. The LSI tester 2 outputs a change in Pass/Fail
information based on the comparison result as a result signal.

[0025] Further, the LSI tester 2 outputs a generated result signal or
various signals according to a test pattern signal. In the present
embodiment, the LSI tester 2 outputs, for example, a loop trigger signal,
a tester trigger signal or the like synchronized with a test pattern signal.
In addition, the LSI tester 2 also serves as a power supply device, and
inputs a current which is set in advance to the semiconductor device D.
A current which is input to the semiconductor device D is set in advance

to a drive voltage or a drive frequency which has a tendency to cause
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Pass/Fail information in a result signal to be changed. In addition, the
power supply device (not shown) may be provided separately from the
LSI tester 2, and may be configured to input a current which is set in
advance to the semiconductor device D. Meanwhile, in a case where
the semiconductor device D has a function of an LSI tester included
therein, it is not necessary to prepare an external LSI tester.

[0026] The semiconductor device inspection apparatus 1 of the present
embodiment includes an ultrasonic wave generation unit 3, a stage 5, a
stimulation condition control unit 7, a timing control unit 11, and a
computer (analysis unit) 13.

[0027] The ultrasonic wave generation unit 3 irradiates the
semiconductor device D with the ultrasonic waves W. The ultrasonic
wave generation unit 3 includes an ultrasonic transducer 31 and a pulsar
33. The ultrasonic transducer 31 is disposed to face the semiconductor
device D, and radiates the ultrasonic waves W toward the
semiconductor device D. The ultrasonic transducer 31 is formed, for
example, in a cylindrical shape. The apical surface of the ultrasonic
transducer 31 is a portion that generates the ultrasonic waves W. The
apical surface of the ultrasonic transducer 31 is disposed upward so as
to be opposite to the inspection surface Dt of the semiconductor device
D. The apex of the ultrasonic transducer 31 is provided with a medium
holding unit 31a. The medium holding unit 31a is a portion that holds
a medium M between the ultrasonic transducer 31 and the
semiconductor device D. The medium M is filled by its surface
tension into the path of the ultrasonic waves W ranging from the apical

surface of the ultrasonic transducer 31 to the inspection surface Dt of
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the semiconductor device D. As shown in the drawing, the medium M
protrudes further upward than the position of the apex of the medium
holding unit 31a due to its surface tension. In the present embodiment,
the medium holding unit 31a forms a cylinder formed of a material,
such as, for example, a silicone resin, with sufficient flexibility and
wettability with respect to the medium M. The medium holding unit
31a is detachably fitted to, for example, the apex of the ultrasonic
transducer 31. The medium M is water in the present embodiment.
The type of medium M is not particularly limited provided that the
package and impedance of the semiconductor device D are matched
with each other, and other liquids such as glycerin, gel-like or jelly-like
substances or the like may be used therefor.

[0028] The ultrasonic waves W radiated from the ultrasonic transducer
31 propagate through the medium M and the semiconductor device D,
and stimulate a focused position. That is, the ultrasonic transducer 31
has the focus of the ultrasonic waves W at a position that is a constant
distance from its apical surface. The ultrasonic waves W radiated from
the ultrasonic transducer 31 are elastically oscillatory waves having a
frequency of, for example, approximately 20 kHz to 10 GHz.

[0029] The pulsar 33 is a portion that drives the ultrasonic transducer
31 based on a driving signal. In the present embodiment, the pulsar 33
also has a function as a receiver (reflected wave detection unit) 35 that
detects reflected waves of the ultrasonic waves W reflected from the
inspection surface Dt of the semiconductor device D. The receiver 35
detects the reflected waves of the ultrasonic waves W, and outputs a

detection signal indicating a detection result to the computer 13.
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[0030] The stage 5 is an apparatus that moves a relative position of the
semiconductor device D and the ultrasonic transducer 31. In the
present embodiment, the stage 5 includes an XY-axis stage 51 and a
Z-axis stage 53.

[0031] The ultrasonic transducer 31, the pulsar 33 and the receiver 35
are fixed onto the XY-axis stage 51. The XY-axis stage 51 moves the
ultrasonic transducer 31, the pulsar 33 and the receiver 35 in the
in-plane direction (XY-axis direction) of the inspection surface Dt of the
semiconductor device D. Thereby, the position of irradiation with the
ultrasonic waves W on the inspection surface Dt of the semiconductor
device D is scanned. In addition, the semiconductor device D is fixed
to the Z-axis stage 53. For example, the semiconductor device D may
be fixed to the Z-axis stage 53 while being held by the holding plate or
the like. The Z-axis stage 53 moves the semiconductor device D in the
thickness direction (Z-axis direction) of the semiconductor device D.
Thereby, the focal position of the ultrasonic waves W is adjusted with a
constant accuracy in the thickness direction of the semiconductor device
D. Meanwhile, the stage 5 may be configured to move the relative
position of the semiconductor device D and the ultrasonic transducer 31
by moving only any one of the ultrasonic transducer 31 and
semiconductor device D. For example, the XY-axis stage 51 may have
a mechanism that moves the relative position in the Z-axis direction, or
the Z-axis stage 53 may have a mechanism that moves the relative
position in the XY-axis direction.

[0032] The timing control unit 11 generates a pixel clock in

accordance with a loop trigger signal which is input from the LSI tester
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2. The pixel clock is a timing signal equivalent to one pixel unit of a
scanning range in the semiconductor device D. The pixel clock is
output to a pulse generator 71 and a stage control unit 73. In addition,
the timing control unit 11 outputs a result signal which is input from the
LSI tester 2 to the computer 13.

[0033] The stimulation condition control unit 7 controls the conditions
of stimulation by the ultrasonic waves W applied to the semiconductor
device D. In the present embodiment, the stimulation condition
control unit 7 includes the pulse generator (signal generation unit) 71
and the stage control unit 73.

[0034] The stage control unit 73 controls at least one of the movement
speed, movement interval, and movement distance of the stage 5 in
accordance with a pixel clock. In the present embodiment, the stage
control unit 73 controls the movements of the XY-axis stage and the
Z-axis stage, to thereby control the movement speed, movement
interval, and movement distance when the relative position of the
semiconductor device D and the ultrasonic transducer 31 is moved, or to
control the resolution of a reflection image to be described later. In
addition, the stage control unit 73 sequentially outputs position
information of the stage 5 during scanning control to the computer 13.
Position information determined by the XY-axis stage 51 in the position
information of the stage 5 corresponds to the position of scanning with
the ultrasonic waves W radiated from the ultrasonic transducer 31.
The stage control unit 73 may control the stage 5 so as to continuously
move the position of irradiation with the ultrasonic waves W during

scanning control of the ultrasonic waves W. In addition, the stage
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control unit 73 may perform control so that the position of irradiation
with the ultrasonic waves is moved pixel by pixel during scanning
control of the ultrasonic waves, that is, the stage 5 repeats movement
and stopping. Further, the stage control unit 73 may move the relative
position of the semiconductor device D and the ultrasonic transducer 31
in the Z-axis direction during scanning control of the ultrasonic waves.

[0035] The pulse generator 71 outputs a driving signal for driving the
ultrasonic transducer 31 to the pulsar 33. For example, the frequency
of the driving signal is set to a frequency equal to the frequency of the
ultrasonic waves W generated by the ultrasonic transducer 31. The
pulse generator 71 controls the driving signal so as to control at least
one of the frequency, the number of pulses, the pulse interval, and the
pulse intensity of the ultrasonic waves W. In the present embodiment,
burst waves may be used as the ultrasonic waves W. In the burst
waves, continuous waves of the ultrasonic waves are repeated multiple
times at predetermined intervals. In this case, the frequency of the
ultrasonic waves controlled by the pulse generator 71 is the frequency
of ultrasonic waves constituting continuous waves. In addition, the
number of pulses is the number of continuous waves repeated per unit
time. In addition, the pulse interval is an interval between continuous
waves. In addition, the pulse intensity is the amplitude of a pulse.
The pulse generator 71 continuously outputs a driving signal, and thus
ultrasonic waves may be continuously generated from the ultrasonic
wave generation unit 3. In addition, the pulse generator 71 may not
output a driving signal, for example, during the movement of the stage 5

in accordance with control of the stage 5 so that the ultrasonic waves W
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are not radiated.

[0036] The computer 13 is configured to include, for example, a CPU
and a RAM and a ROM which are recording media, and has a display
unit such as a monitor 14 and an input unit such as a mouse or a
keyboard. Examples of such a computer 13 include a personal
computer, a cloud server, a smart device (such as a smartphone or a
tablet terminal), a microcomputer, a field-programmable gate array
(FPGA), and the like. The computer 13 generates a measurement
image by mapping a result signal which is input from the LSI tester 2
based on the position information which is input from the stage control
unit 73. In addition, the computer 13 maps a detection signal which is
output from the receiver 35 during the inspection of the semiconductor
device D based on the position information which is output from the
stage control unit 73, and generates a reflection image. In generating
the reflection image, only a time component of the detection signal from
the receiver 35 which corresponds to reflected waves from the surface
of a chip within the semiconductor device D may be extracted. In this
case, it is possible to obtain a reflection image indicating a chip shape or
a circuit pattern within the semiconductor device D.

[0037] In addition, the computer 13 generates a superimposed image
having the measurement image and the reflection image superimposed
on each other. The computer 13 outputs the generated superimposed
image to the monitor 14. In the superimposed image, the reaction of
the semiconductor device D indicated by an analysis image is
superimposed on a chip shape or a circuit pattern within the

semiconductor device D indicated by the reflection image, and the
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identification of a failure position of a chip is facilitated. In the
reflection image, a physical abnormality such as peeling-off of a circuit
may be able to be confirmed. Therefore, in the superimposed image,
in a case where an abnormal position capable of being confirmed from
the analysis image and an abnormal position capable of being confirmed
from the reflection image overlap each other, the abnormal position may
be highlighted.

[0038] Hereinafter, a semiconductor device inspection method in the
present embodiment will be described with reference to FIGS. 2 to 4.
FIG. 2 is a flow diagram illustrating an example of an operation of the
semiconductor device inspection apparatus 1. As shown in the
drawing, in a case where the semiconductor device D is inspected using
the semiconductor device inspection apparatus 1, first, the
semiconductor device D is disposed on a holding plate or the like which
is not shown in the drawing (step S1). Next, the medium M is held by
the medium holding unit 31a (step S2). In step S2, as described above,
a protruding portion of the medium M caused by its surface tension is
formed. The Z-axis stage 53 is driven in the Z-axis direction so that
the upper end of the medium holding unit 31a does not touch the
inspection surface Dt of the semiconductor device D and that only the
protruding portion of the medium M touches the inspection surface Dt
of the semiconductor device D.

[0039] After the medium M is held, the focal position of the ultrasonic
waves W is adjusted (step S3). Here, first, while the stage 5 is moved
in the X-axis direction and the Y-axis direction, the ultrasonic transducer

31 is moved to a position which is opposite to a chip within the
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semiconductor device D. The Z-axis stage 53 is driven in the Z-axis
direction so that focal position of the ultrasonic waves W is coincident
with the surface of the chip within the semiconductor device D based on
the waveform pattern of reflected waves of the ultrasonic waves W
output from the receiver 35. Meanwhile, the adjustment of the focal
position of the ultrasonic waves W may be automatically executed by
the stage control unit 73, or may be executed by a user of the
semiconductor device inspection apparatus 1 manually moving the
position of the Z-axis stage 53.

[0040] After the adjustment of the focal position of the ultrasonic
waves W, the adjustment of the semiconductor device D is executed
(step S4). Here, the inclination of the semiconductor device D may be
adjusted. In step S4, for example, the posture of the semiconductor
device D is adjusted by the holding plate or the stage 5 so that the
waveform patterns of reflected waves the stage 5 is driven for each axis
in the X-axis direction and the Y-axis direction are coincident with each
other. In addition, the XY-axis is édjusted while detecting the reflected
wave of the ultrasonic waves reflected from the semiconductor device
D, and confirming whether the position of the semiconductor device D
is set to a position desired to be measured. In the step, similarly, the
above adjustment may be automatically executed by the stage control
unit 73, or may be manually performed by a user of the semiconductor
device inspection apparatus 1.

[0041] Subsequently, the reflection image is generated (step S5:
reflection image generation step). The ultrasonic wave generation unit

3 is moved along the in-plane direction of the semiconductor device D,
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and the position of irradiation with the ultrasonic waves W is scanned.
The reflected waves reflected from the semiconductor device D are
detected by the receiver 35, and a detection signal is output. The
computer 13 generates a reflection image of the semiconductor device D
based on the detection signal and the position of irradiation with the
ultrasonic waves. The reflection image generated in step S5 can be
displayed on the monitor 14 by the computer 13.

[0042] Subsequently, the semiconductor device D is driven (step S6).
In the present embodiment, a current having a drive voltage and a drive
frequency in the vicinity of a boundary having a change in a Pass/Fail
state of the semiconductor device D is applied to the semiconductor
device D by the LSI tester 2. For example, as in soft defect
localization (SDL) measurement in which the semiconductor device D
is heated by a laser beam, conditions of a drive voltage and a drive
frequency in the vicinity of a boundary having a change in a Pass/Fail
state may be obtained in advance using a shmoo plot when the
semiconductor device D is heated all around by a heater or the like.
[0043] Subsequently, a test pattern signal is input from the LSI tester 2
to the semiconductor device D (step S7: input step), and scanning by the
ultrasonic waves W and control of the stimulation condition are
executed (step S8: stimulation condition control step, ultrasonic wave
scanning step, signal generation step, and movement control step).
The condition of the test pattern signal which is input to the
semiconductor device D, a scanning region in which measurement is
executed in the semiconductor device D, or the like is set by a user.

The scanning region may be set on the basis of, for example, the
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reflection image generated in step S5. In the present embodiment,
while the test pattern signal is input from the LSI tester 2 to the
semiconductor device D, the ultrasonic wave generation unit 3 is moved
along the in-plane direction of the semiconductor device D, and the
position of irradiation with the ultrasonic waves W is scanned. A test
signal from the semiconductor device D is detected by the LSI tester 2,
and a result signal is output. The output result signal is input to the
computer 13 through the timing control unit 11. One loop’s worth of
length of the test pattern signal may be associated with one pixel’s
worth of scanning time. In this case, at least one of the frequency, the
number of pulses, the pulse interval, and the pulse intensity of a driving
signal which is input from the pulse generator 71 to the ultrasonic wave
generation unit 3 is adjusted, and thus it is possible to adjust stimulation
by the ultrasonic waves W in one pixel. For example, first, all pixels
in a scanning region may be measured while the pixels are stimulated
with ultrasonic waves of predetermined frequency, the number of
pulses, pulse interval, and pulse intensity, and the same scanning region
may be measured again while the region is stimulated with ultrasonic
waves in which at least one of frequency, the number of pulses, pulse
interval, and pulse intensity is changed. In addition, only a region in
which change initially occurs in Pass/Fail information due to the
stimulation of ultrasonic waves may be measured again.

[0044] Subsequently, a measurement image is generated (step S9:
measurement image generation step). That is, the computer 13 maps
image data according to input result information in association with the

position of irradiation with the ultrasonic waves W, to thereby generate
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a measurement image having position information and Pass/Fail
information associated with each other. The measurement image
generated in step S9 can be displayed on the monitor 14 by the
computer 13. In addition, a superimposed image having an analysis
image and a reflection image superimposed on each other is generated
by the computer 13, and the superimposed image is displayed on the
monitor 14 (step S10: superimposed image generation step).

[0045] FIG. 3 is a timing diagram illustrating an example of each
signal or the like in the semiconductor device inspection method.
Here, (a) of FIG. 3 shows the state of movement control of the stage 5
performed by the stage control unit 73, a pixel clock which is output
from the timing control unit 11, a driving signal which is output from
the pulse generator 71, a result signal which is output from the LSI
tester 2, and image data generated based on the result signal. The
shown example shows a case in which the stage 5 moves continuously
in accordance with the pixel clock. That is, the stage control unit 73
moves the XY-axis stage 51 at a constant speed so that the position of
scanning with the ultrasonic waves W moves by one pixel
corresponding to one period of the pixel clock. The driving signal is
shown as burst waves, and is consecutively output at a constant pulse
interval. The result signal is output when a change in state occurs in
each determination of Pass/Fail. In addition, the image data is data for
mapping corresponding to each pixel. In the image data, data of any of
High indicating there is a change in state (change from Pass to Fail or
from Fail to Pass) and Low indicating that there is no change in state is

associated with every pixel. In this case, the measurement image may
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be constituted by binaries of a gradation indicating High and a gradation
indicating Low.

[0046] In addition, (b) of FIG. 3 and (c¢) of FIG. 3 show another
example relating to the generation of the image data. In (b) of FIG 3,
a tester trigger which is output from the LSI tester 2 is shown. The
tester trigger is a signal indicating a timing at which the result signal is
acquired. The tester trigger is output in a constant period, for example,
in accordance with the test pattern signal. Meanwhile, in the present
example, the result signal is output over a period of time longer than in
(a) of FIG. 3 so that the result signal can be reliably acquired at a timing
of output of the tester trigger. As shown in the drawing, the result
signal may extend between pixels. In the example of (b) of FIG. 3,
High is associated with the image data in a case where the detection of
the result signal is confirmed when the tester trigger signal is output,
Low is associated therewith in a case where the result signal is not
detected. In addition, (c) of FIG 3 shows an example in which a
plurality of result signals are output during scanning of one pixel in
accordance with a change in state of Pass/Fail. In this case,
information indicating the number of result signals which are output in
one pixel is associated with the output image data. For example, in the
shown example, data indicating “2” is associated with the image data in
a case where the number of result signals is “2,” data indicating “1” is
associated with the image data in a case where the number of result
signals is “1,” and data indicating “3” is associated with the image data
in a case where the number of result signals is “3.” Meanwhile, in

examples other than those shown in (a) to (c) of FIG. 3, the image data
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may be generated. For example, the image data may be generated
based on information including a time at which the result signal in one
pixel is output.

[0047] FIG. 4 is a diagram schematically illustrating an example of a
measurement image generated by the semiconductor device inspection
method. The measurement image shown in FIG 4 is an image in
which the image data generated based on the presence or absence of a
change in state of Pass/Fail is mapped in association with a scanning
position. In addition, (a) of FIG. 4 shows an example of a
measurement image Gl in a case where ultrasonic waves of
predetermined frequency, pulse width and pulse interval are output at a
pulse intensity of 50% of a normal state. In addition, (b) of FIG. 4
shows an example of a measurement image G2 in a case where
ultrasonic waves of predetermined frequency, pulse width, and pulse
interval which are the same as the example of (a) of FIG. 4 are output at
a pulse intensity of 100%. The measurement images G1 and G2 show
a case in which a result signal indicating the presence of a change in
state is detected, in a case where a Fail signal is detected in a pixel in
which a Pass signal is to be detected. In this case, a pixel P in which a
Pass signal is detected may be represented with, for example, white
indicating Low, and a pixel F in which a Fail signal is detected may be
represented with color indicating High. The example of FIG. 4 shows,
for example, a case in which a scanning region is measured at a pulse
intensity of 50%, and then the same scanning region is measured at a
pulse intensity of 100%. In this example, in measurement when the

pulse intensity is made higher, the number of pixels in which the result
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signal is output increases.

[0048] In the semiconductor device inspection apparatus 1 described
above, the semiconductor device D is irradiated with the ultrasonic
waves W by the ultrasonic transducer 31, a change in state may occur in
the semiconductor device D. In a case where a change in state occurs
in the semiconductor device D, a result signal indicating the change in
state is output. The measurement image is generated by the computer
13 based on this result signal, and thus it is possible to analyze the
semiconductor device D. The condition of stimulation by the
ultrasonic waves W applied to the semiconductor device D is controlled
by the stimulation condition control unit 7, and thus it is possible to
apply various stimulations to the semiconductor device D. Therefore,
since a result signal which is output in accordance with stimulation
applied to even the same semiconductor device may be changed, it is
possible to perform various analyses on a semiconductor device.

[0049] In addition, in an aspect, the stimulation condition control unit
7 includes the pulse generator 71 that outputs a driving signal. In this
case, the pulse generator 71 can control at least one of the frequency, the
number of pulses, the pulse interval, and the pulse intensity of the
ultrasonic waves by controlling the driving signal. In this manner, the
driving signal for driving the ultrasonic transducer 31 is controlled, and
thus it is possible to control the ultrasonic waves W. For example, in a
case where the frequency of ultrasonic waves is controlled, it is possible
to control the penetration length (penetration depth) of the ultrasonic
waves with respect to the semiconductor device. In addition, it is

possible to control the magnitude of stimulation applied to the
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semiconductor device by controlling at least one of the number of
pulses, the pulse interval, and the pulse intensity of the ultrasonic
waves.

[0050] In addition, in an aspect, the stimulation condition control unit
7 includes the stage control unit 73 that controls the movement of the
stage 5. In this case, the stage control unit 73 can controls at least one
of the movement speed, movement interval, and movement distance of
the stage 5. According to such a configuration, the movement of the
stage 5 is controlled by the stage control unit 73, and thus it is possible
to control an aspect of irradiation of the semiconductor device D with
the ultrasonic waves W. Particularly, it is possible to control, for
example, the time of irradiation of one pixel with the ultrasonic waves
W by controlling the movement speed, movement interval, and
movement distance of the stage. In this case, it is possible to change
stimulation by the ultrasonic waves applied to the one pixel.

[0051] In addition, in an aspect, the computer 13 may generate a
reflection image based on a detection signal from the receiver 35.
According to such a configuration, it is possible to acquire a chip shape
or a circuit pattern inside the semiconductor device D based on the
reflection image.

[0052] In addition, in an aspect, the computer 13 may generate a
superimposed image having the measurement image and the reflection
image superimposed on each other. According to such a configuration,
since the measurement image and a chip shape or a circuit pattern inside
the semiconductor device D are superimposed on each other, the

identification of a failure position or the like is facilitated.
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[0053] Hereinbefore, the embodiments have been described in detail
with reference to the accompanying drawings, but specific
configurations are not limited to these embodiments.

[0054] For example, FIG. 3 shows an example in which the stage 5
moves continuously in accordance with a pixel clock, but there is no
limitation thereto. FIG. 5 is a timing diagram illustrating movement
control of the stage 5 and each signal according to a modification
example. FIG. 5 shows the state of movement control of the stage 5
performed by the stage control unit 73, a pixel clock which is output
from the timing control unit 11, and a driving signal which is output
from the pulse generator 71. In this example, the result signal, the
image data, and the like are the same as those in the example of FIG. 3,
and thus will be omitted. The shown example shows a case in which
the stage 5 moves intermittently in accordance with the pixel clock.
That is, the stage 5 repeats movement and stopping in a constant period.
For example, during the movement of the stage 5, a stage control signal
for moving the XY-axis stage 51 is output from the stage control unit
73. The pixel clock is synchronized with the stage control signal in a
reversed state. The pixel clock is set to be in an ON state when the
stage control signal is in an OFF state. That is, in the present example,
one pixel is counted when the stage 5 is stopped. The driving signal is
synchronized with the pixel clock. The driving signal is output when
the pixel clock is in an ON state. Thereby, the ultrasonic waves W are
not radiated in state where the stage 5 is moved, and the ultrasonic
waves W are radiated in a state where the stage 5 is stopped. In this

case, a stop time in one pixel is controlled by the stage control unit 73,
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and thus it is possible to control the stimulation of the ultrasonic waves
W in one pixel.

[0055] In addition, the ultrasonic waves W may be generated using an
array transducer instead of the ultrasonic transducer 31. FIG. 6 shows
an example of an array transducer. Meanwhile, in FIG. 6, the Z-axis
direction is depicted as a downward direction in order to make the
drawing easier to understand. An array transducer 131 is configured
such that a plurality of transducers 131a are arranged in a
one-dimensional array. Therefore, it is possible to change the position
of generation of ultrasonic waves in a one-dimensional direction by
controlling the vibration of each transducer 131a. Therefore, it is
possible to scan the position of generation of the ultrasonic waves in a
one-dimensional direction without moving the stage 5. In a case where
the array direction off the array transducer 131 is disposed along the
X-axis direction, the control position of the array transducer 131 is
adjusted while detecting reflected waves from the semiconductor device
D due to the array transducer 131. In this case, it may be confirmed
whether being set to a position of the semiconductor device D desired to
be measured in the X-axis direction. In addition, regarding the Y-axis
direction which is not controlled by the array transducer 131, similarly,
movement control is performed on the stage 5 while detecting the
reflected waves of the ultrasonic waves W. In this case, it may be
confirmed whether being set to a position of the semiconductor device
D desired to be measure in the Y-axis direction. In a case where the
semiconductor device D is scanned by such an array transducer 131,

scanning in the X-axis direction is performed by controlling the signal
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of each transducer 131a of the array transducer 131 in an array
direction. A test pattern signal is input from the LSI tester 2 to the
semiconductor device D, a test signal from the semiconductor device D
is detected by the LSI tester 2, and a result signal is output. The length
of the test pattern signal can be caused to correspond to a scanning time
equivalent to one pixel or a stop time in one pixel. In this case, a
driving signal which is input from the pulse generator 71 to the array
transducer 131 is controlled, it is possible to control the stimulation of
ultrasonic waves applied to one pixel. In addition, it is possible to
adjust the stimulation of ultrasonic waves in one pixel by controlling the
control position of the array transducer 131, scanning speed performed
by the stage control unit, a stop time in one pixel, or the like. In this
manner, it is possible to perform scanning in a direction along the array
direction of the array transducer 131 without moving the relative
position of the array transducer 131 with respect to the semiconductor
device D.

[0056] In addition, for example, a signal from a semiconductor device
body may be used instead of the signal from the LSI tester which is a
test apparatus. In this case, an abnormal point is displayed by
detecting a signal changed by the stimulation of ultrasonic waves. In
such a method, for example, a so-called evaluation board can be used.
In this case, a semiconductor device stored in a package is inserted into
a socket mounted in an evaluation board and is brought into operation.
The evaluation board is supplied with a power supply voltage. In
addition, a driving signal may be input from the outside by the pulse

generator or the like, or a circuit that generates a driving signal may be
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incorporated into the evaluation board. In addition, supply of a signal
from a computer or the like to the evaluation board may be controlled.
In this case, a semiconductor device is operated by the supplied signal,
and a signal indicating a result obtained by evaluating the operation is
output. Examples of such a signal include a voltage or a current in a
specific pin of a socket, a high/low logic waveform, an analog
waveform, and the like. For example, in a case where such signals are
changed from a normal value by the stimulation of ultrasonic waves to a
specific location, output of any of these signals may be used as a signal
for displaying a change point similarly to the Pass/Fail signal. In this
case, a predetermined comparison circuit is installed, and thus various
output abnormalities caused by the stimulation of ultrasonic waves can
be taken up as signals. Such a comparison circuit may be, for
example, a circuit that converts a logic waveform into a TTL signal, and
compares whether the TTL signal is different from a normal TTL signal.
In addition, the above circuit may be a circuit that outputs the frequency
of a measured output waveform in a digital manner and performs
comparison with a normal value. In addition, in case where a
computer connected to the evaluation board adopts a method in which
an evaluation result in the evaluation board is taken up, a signal is
transmitted from the computer to an analysis apparatus, and thus an
output abnormality portion can also be displayed. Such display may
be display by digital values obtained by performing 0/1 determination.
In addition, a function capable of calculating a shift from a normal value
is provided, and thus the intensity or sign of signal display may be

changed based on the amount of shift. In this case, it is possible to
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display an abnormal location more obviously.
Reference Signs List
[0057] 1 Semiconductor device inspection apparatus
5 Stage
7 Stimulation condition control unit
11 Timing control unit
13 Computer (analysis unit)
31 Ultrasonic transducer
35 Receiver (reflected wave detection unit)
71 Pulse generator (signal generation unit)

73 Stage control unit
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CLAIMS
[Claim 1]

An apparatus for inspecting a semiconductor device which is
an object to be inspected based on a result signal which is output in
accordance with input of a test pattern signal to the semiconductor
device, the apparatus comprising:

an ultrasonic transducer, disposed to face the semiconductor
device, which generates ultrasonic waves;

a stage configured to move a relative position of the
semiconductor device and the ultrasonic transducer;

a stimulation condition controller configured to control a
condition of stimulation by the ultrasonic waves applied to the
semiconductor device; and

an analyzer configured to generate a measurement image based
on the result signal indicating pass/fail information generated in
accordance with a test signal which is output from the semiconductor

device in which the test pattern signal is input.

[Claim 2]

The apparatus according to claim 1,

wherein the stimulation condition controller includes a signal
generator configured to output a driving signal for driving the ultrasonic

transducer to the ultrasonic transducer.

[Claim 3]

The apparatus according to claim 2,
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wherein the signal generator controls at least one of a
frequency, the number of pulses, a pulse interval, and a pulse intensity

of the ultrasonic waves by controlling the driving signal.

[Claim 4]
The apparatus according to any one of claims 1 to 3,
wherein the stimulation condition controller includes a stage

controller configured to control movement of the stage.

[Claim 5]

The apparatus according to claim 4,

wherein the stage controller controls at least one of a
movement speed, a movement interval, and a movement distance of the

stage.

[Claim 6]

The apparatus according to any one of claims 1 to 5, further
comprising a reflected wave detector configured to detect reflected
waves of the ultrasonic waves reflected from the semiconductor device,

wherein the analyzer generates a reflection image based on a

detection signal from the reflected wave detector.

[Claim 7]
The apparatus according to claim 6,
wherein the analyzer generates a superimposed image having

the measurement image and the reflection image superimposed on each
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other.

[Claim 8]
The apparatus according to any one of claims 1 to 7,

wherein the ultrasonic transducer includes an array transducer.

[Claim 9]

A method for inspecting a semiconductor device which is an
object to be inspected, the method comprising:

inputting a test pattern signal to the semiconductor device;

controlling a condition of stimulation by an ultrasonic waves
applied to the semiconductor device;

generating the ultrasonic waves based on the condition and
scanning the semiconductor device with the ultrasonic waves; and

generating a measurement image based on a result signal
indicating pass/fail information generated in accordance with a test
signal which is output from the semiconductor device in accordance

with input of the test pattern signal.

[Claim 10]

The method according to claim 9,

wherein the controlling includes generating a driving signal for
driving and controlling an ultrasonic transducer that generates the

ultrasonic waves.

[Claim 11]
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The method according to claim 10,
wherein the generating the driving signal includes controlling
at least one of a frequency, the number of pulses, a pulse interval, and a

pulse intensity of the ultrasonic waves by controlling the driving signal.

[Claim 12]

The method according to any one of claims 9 to 11,

wherein the controlling the condition of stimulation by the
ultrasonic waves includes controlling movement of a position of

irradiation of the semiconductor device with the ultrasonic waves.

[Claim 13]

The method according to claim 12,

wherein the controlling the movement includes controlling at
least one of a movement speed, a movement interval, and a movement
distance of the position of irradiation of the semiconductor device with

the ultrasonic waves.

[Claim 14]

The method according to any one of claims 9 to 13, further
comprising detecting reflected waves of the ultrasonic waves reflected
from the semiconductor device to generate a detection signal, and

generating a reflection image based on the detection signal.

[Claim 15]

The method according to claim 14, further comprising
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generating a superimposed image having the measurement image and

the reflection image superimposed on each other.
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