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FIG. 3A
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FIG. 4A
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FIG. 5
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FIG. 7
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FIG. 8
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FIG. 9
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FIG. 10
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FIG. 11
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MEASUREMENT FREQUENCY VARIABLE
ULTRASONIC IMAGING DEVICE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims the foreign priority benefit
under Title 35, United States Code, §119(a)-(d) of Japanese
Patent Application No. 2012-160709, filed on Jul. 19,2012 in
the Japan Patent Office, the disclosure of which is herein
incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an ultrasonic imag-
ing device for visualizing an inside of a sample by an ultra-
sonic testing.

[0004] 2. Description of the Related Art

[0005] Conventionally, a method of two-dimensionally,
mechanically scanning with a single focus type ultrasonic
probe has been used to check whether a defective (delamina-
tion and boyd) on a semiconductor or an integrated circuit is
present or absent through ultrasonic waves. This testing
method performs transmitting and receiving of ultrasonic
waves with a single focus type ultrasonic probe with a focus
ona testing object part in a structure which is a testing sample,
and a gate processing of echo waves (ultrasonic waves)
reflected by the testing object part to obtain intensity infor-
mation and time information of the echo waves (ultrasonic
waves) reflected by the testing object part.

The obtained information of the echo waves is mapped on a
two-dimensional space to generate inspection image infor-
mation, so that the presence or the absence of defective can be
checked on the basis of the inspection image information.
[0006] JP 05-232092 A discloses as an object of the inven-
tion “to easily and accurately detect a defective in a sample”
and as structure of the invention “a transducer 1 for transmit-
ting a pulse into a sample M and receiving echoes is con-
nected to a transceiver 2 for generating the pulse and ampli-
fying the echoes and at a rear stage thereof a gate circuit 3 for
retrieving an echo at a given interval from the echoes.
[0007] Further, the gate circuit 3 is connected to a positive
comparator 4, a negative comparator 5, a positive peak holder
6, and a negative peak holder 7, and their outputs are inputted
into a control unit 9”.

[0008] Still further, JP 05-232092 A discloses “in the posi-
tive comparator 4 and the negative comparator 5, an eatlier
timing when one of the echoes first exceed a predetermined
reference value is input into a delay circuit 8 which closes the
gate circuit 3 after an approximately one cycle”.

[0009] Recently, an ultrasonic testing method using an
array type ultrasonic probe has been used also. The array type
ultrasonic probe is a prove having a plurality of piezoelectric
devices arranged in line. Transmission and reception of the
ultrasonic waves with delay in driving the elements is made
for the piezoelectric devices in accordance with the predeter-
mined scanning positions can focus ultrasonic waves, trans-
mitted to the testing object, on the testing object. This focuses
the ultrasonic waves on a point for transmission and reception
similarly to the array type ultrasonic probe by disposing a lens
in normal line directions of the respective piezoelectric
devices or an array of the piezoelectric devices is disposed on
a curved surface.
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[0010] JP 11-304769 A discloses as a problem of the inven-
tion “to provide an ultrasound test method capable of detect-
ing defectives occurring at positions having different depths
in the sample accurately through one time inspection, and as
solving means of the invention” an ultrasonic prove 1 pro-
vided with an array vibrators 3 comprising a plurality of
vibrating elements 3a are arranged on an acoustic lens 2 is
arranged to face the sample body 10. A focus FA of the
acoustic lens FA and a focus FB made by electrically con-
verging the piezoelectric vibrator are set to have different
depths to accord the focuses on respective testing planes in
the sample. When it is determined that there is a defective,
two focuses are equalized to a testing plane on which exist-
ence of the defective is determined for the defective testing
again.

[0011] Because the array type ultrasonic probe can elec-
tronically scan a plurality of piezoelectric devices, so that the
ultrasound test can be performed more rapidly than the
mechanical scanning by the single focus type ultrasonic
probe.

[0012] JP 2003-107059A discloses as a problem of the
invention “to provide an ultrasonic imaging device and a
measuring method thereof which are simplified in an oscilla-
tor structure and capable of using a burst wave signal, if
necessary, in a range where no interference occurs by
smoothly varying transmission waves from a pulse signal to a
burst wave signal”. Further, JP 2003-107059A discloses as
solving means of the invention “It is an ultrasonic imaging
device driving a ultrasonic probe 14 with a transmission wave
signal to generate ultrasonic waves 16 and irradiating a
sample 18 with the ultrasonic waves, detecting and convert-
ing reflected waves returning from the sample with the ultra-
sonic prove into a received wave signal, displaying on a
display device an image of a given testing part of the sample
through image display processing on the basis of the received
wave signal. Only a burst wave oscillator 12 is provided to
output a burst wave signal as a means for outputting the
transmission wave signal and the minimum number of waves
of the burst wave signal outputted by the burst wave oscillator
is equal to or smaller than 1. The number of the waves of the
signal outputted by the burst wave oscillator is controlled by
a controller 15.

[0013] JP 2003-107059A discloses at a paragraph 0017 as
an object of the invention “to provides the ultrasonic imaging
device capable of measurement at a high resolution and image
generation by narrowing a frequency band to decrease attenu-
ation affection in order that the burst wave signal can be used,
if necessary, in the range where no interference occurs by
smoothly varying the transmission waves from the pulse sig-
nal to the burst wave signal with a structure of a circuit part of
the oscillator generating the transmission waves simplified”.
[0014] However, JP 2003-107059A does not disclose on
selection of an optimal frequency for a measuring sample.
[0015] A frequency optimal for visualizing an inside of the
sample depends on a material forming the sample. Accord-
ingly, it should be done to set an optimal ultrasonic wave
frequency depending on the material also in a case where any
one is used between the single focus ultrasonic probe or an
array type ultrasonic probe.

[0016] However, conventionally, a frequency of the mea-
surable ultrasonic waves was fixed for each ultrasonic sensor
(ultrasonic probe). Accordingly, to change the frequency of
the ultrasonic waves, not few ultrasonic wave sensors (ultra-
sonic probes) should have to be changed. Further, in the



US 2014/0024941 Al

conventional ultrasonic sensor (ultrasonic probes), it have not
be able to perform measurements with frequency of the ultra-
sonic waves being successively changed and compare the
ultrasonic wave image in quality.

SUMMARY OF THE INVENTION

[0017] An aspect of the present invention provides an ultra-
sonic imaging device capable of selecting an optimal fre-
quency for visualizing an inner structure of the sample with
the ultrasonic waves.

[0018] An aspect of the present invention provides a mea-
surement frequency variable ultrasonic imaging device com-
prising:

[0019] anultrasonic probe including a piezoelectric device
transmitting ultrasonic waves to a sample and receiving an
ultrasonic waves reflected, scattered, and refracted by the
sample to output a received signal;

[0020] a scanner scanning the sample with the ultrasonic
probe and positioning the ultrasonic probe at a [predeter-
mined] scanning position;

[0021] afrequency controller controlling a frequency of the
received signal in accordance with the scanning position;

[0022] asignal processing unit processing the received sig-
nal; and
[0023] an image generator generating an ultrasonic wave

image at the predetermined frequency on the basis of an
output signal of the signal processing unit.

[0024] Other means will be described in the embodiments
for carrying the invention.

[0025] According to the invention, an ultrasonic imaging
device can be provided which can select a frequency optimal
for visualizing the inner structure of the sample.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The object and features of the present invention will
become more readily apparent from the following detailed
description taken in conjunction with the accompanying
drawings in which:

[0027] FIG. 1is a block diagram of an ultrasonic imaging
device according to a first embodiment.

[0028] FIG. 2is a partial perspective view of the ultrasonic
imaging device according to the first embodiment to show a
scanning method.

[0029] FIGS.3A and 3B areillustrations showing a method
of changing a transmission frequency according to the first
embodiment.

[0030] FIG. 4A is a cross section view of an ultrasonic
probe and a sample, and FIGS. 4B and 4C are charts showing
an operation example of the ultrasonic imaging device
according to the first embodiment.

[0031] FIG. 5 is a flowchart showing a generation process
of the frequency-varied image according to the first embodi-
ment.

[0032] FIG. 6 is an illustration showing an example of a
frequency-varied image in the first embodiment.

[0033] FIG. 7 is a block diagram of an ultrasonic imaging
device according to a second embodiment.

[0034] FIG. 8 is a flowchart of generating a frequency-
varied image according to a second embodiment.

[0035] FIG. 9is a block diagram of the ultrasonic imaging
device according to a third embodiment.

[0036] FIG. 10 is a flowchart of an optimal frequency
adjusting process according to the third embodiment.
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[0037] FIG. 11 is a flowchart showing an imaging process
according the third embodiment.

[0038] FIG. 12 is a block diagram of a modification of an
ultrasonic imaging device which includes a high frequency
component calculating unit.

DETAILED DESCRIPTION OF THE INVENTION

[0039] Hereinafter with reference to drawings will be
described in detail embodiments for carrying out the inven-
tion.

Structure of First Embodiment

[0040] FIG. 1is a block diagram of an ultrasonic imaging
device according to a first embodiment.

[0041] An ultrasonic imaging device 10 (measuring fre-
quency variable ultrasonic imaging device) controls a fre-
quency of echo waves, i.e., the received waves by controlling
a frequency of transmission ultrasonic waves. In the first
embodiment, a transceiving equipment 60 is provided with a
burst wave oscillator 61 and a switch 63 and outputs and
applies the burst signal to a piezoelectric device 30 to change
a frequency fx of the ultrasonic waves transmitted by the
piezoelectric devices 30.

[0042] The ultrasonic imaging device 10 includes an ultra-
sonic probe 20 for performing transmission and reception of
the ultrasonic waves, an image display device 50 for display-
ing an ultrasonic wave image by integrally controlling the
ultrasonic imaging device 10, the transceiving equipment 60
for outputting and inputting electric signals with the ultra-
sonic probe 20, an X axis scanner 71, aY axis scanner 72, and
a mechanical controller 70 for controlling the X axis scanner
71 and the Y axis scanner 72. The ultrasonic probe 20 is
supported by the X axis scanner 71 and the Y axis scanner 72
and immerged in water 110 with which a water tank 100 is
filled to allow the piezoelectric device (PD) 30 to face a
sample 120.

[0043] The ultrasonic probe 20 includes an encoder 21 for
detecting a scanning position of the ultrasonic probe 20 and
the piezoelectric device 30 for converting the electric signal
into the ultrasonic wave signal vice versa. The piezoelectric
device 30 is a single focus type ultrasonic probe.

[0044] The image display device 50 includes a scanning
controller 51 for controlling the scanning position of the
ultrasonic probe 20, a frequency controller 52 for controlling
a frequency of the ultrasonic waves; the frequency controller
52 for controlling a frequency of the ultrasonic waves; a
timing controller 53 for controlling transmission and recep-
tion timing of the ultrasonic waves, and an image generator 54
for generating an ultrasonographic image. The transceiving
equipment 60 includes the burst wave oscillator 61 for gen-
erating an electric signal of burst waves, an impulse wave
oscillator 62 for generating an electric signal of the impulse,
the switch 63, an amplifier 64 for amplifying the received
signal received by the ultrasonic probe 20, an A/D converter
65 for converting the received signal of an analog signal to a
digital signal, and a signal processing unit 66 for processing
the received signal.

[0045] The scanning controller 51 is connected to the
mechanical controller 70 (scanner) for inputting from and
outputting toward the mechanical controller 70. The scanning
controller 51 controls a scanning position of the ultrasonic
probe 20 with the mechanical controller 70, the X axis scan-
ner 71, and the Y axis scanner 72 (scanner) and receives a
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current scanning position information of the ultrasonic probe
20 from the mechanical controller 70.

[0046] An output side of the mechanical controller 70 is
also connected to the X axis scanner 71 and the Y axis scanner
72. An output of the encoder 21 of the ultrasonic probe 20 is
connected to the mechanical controller 70. The mechanical
controller 70 detects the scanning position of the ultrasonic
probe 20 from an output signal of the encoder 21 and controls
the X axis scanner 71 and the Y axis scanner 72 to locate the
ultrasonic probe 20 at the instructed scanning position. The
mechanical controller 70 receives a control instruction for the
ultrasonic probe 20 from the scanning controller 51 and in
response to this transmits scanning position information to
the ultrasonic probe 20.

[0047] The timing controller 53 transmits a transmission
and reception timing signal (information) to the transceiving
equipment 60 on the basis of the scanning position informa-
tion of the ultrasonic probe 20 obtained from the scanning
controller 51 and frequency information of the ultrasonic
wave to the frequency controller 52.

[0048] The frequency controller 52 instructs the burst wave
oscillator 61 to output only predetermined number of pulses
of the burst waves of a predetermined frequency on the basis
of the frequency information of the ultrasonic wave outputted
by the timing controller 53.

[0049] The burst wave oscillator 61 outputs a predeter-
mined number of pulses of the burst waves with a predeter-
mined frequency to the piezoelectric device 30 on the basis of
the signal outputted by the frequency controller 52.

[0050] The impulse wave oscillator 62 generates and trans-
mits an impulse wave to the piezoelectric device 30 on the
basis of the timing signal outputted by the timing controller
53.

[0051] Theswitch 63 performs switching to output either of
the burst waves or the impulse wave to be outputted to the
piezoelectric device 30 on the basis of the output signal of the
timing controller 53.

[0052] The piezoelectric device 30 is a device in which
electrodes are attached to both sides of a piezoelectric film
and comprises ZnO, ceramics, or a Fluorine system copoly-
met.

[0053] The piezoelectric device 30 transmits ultrasonic
waves from the piezoelectric film in response to impression of
a voltage between both electrodes. Further the piezoelectric
device 30 converts echo waves (received waves) received by
the piezoelectric device into a received signal which is a
voltage generated between both the electrodes. The amplifier
64 is a device for amplifying the received signal to output an
output signal Vout. The A/D converter 65 converts the ampli-
fiedreceived signal into a digital signal from an analog signal.

[0054] The signal processing unit 66 is a unit which per-
forms a signal processing of the received signal. The signal
processing unit 66 cuts out a predetermined period of the
received signal using a gate pulse Vgate outputted by the
timing controller 53. The signal processing unit 66 outputs
amplitude information at a predetermined period or time
information of the received signal at a predetermined terminal
to the image generator 54.

[0055] The image generator 54 generates an ultrasono-
graphic image at a predetermined frequency on the basis of
the output signal of the signal processing unit 66.
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(Operation of the Ultrasonic Imaging Device)

[0056] A sequential operation of the ultrasonic imaging
device 10 will be described with reference to FIG. 1.

[0057] The scanning controller 51 scans the ultrasonic
probe 20 in a positive X direction to obtain data from pixels on
one line. When detecting that the ultrasonic probe 20 is posi-
tioned at an end in the X direction, the scanning controller 51
shifts the ultrasonic probe 20 by a predetermined pitch and
scans with the ultrasonic probe 20 in a negative X direction.
The scanning controller 51 repeats this operation to perform
scanning at a predetermined region.

[0058] Thetiming controller 53 of the image display device
50 receives the scanning position information of the ultra-
sonic probe 20 in the X and Y directions from the scanning
controller 51, instructs the frequency controller 52 on the
frequency based on the scanning position information in the Y
direction, instruct the transceiving equipment 60 to transmit
the ultrasonic waves on the basis of the scanning information
in the X direction, and outputs the gate pulse Vgate for signal
processing of the received signal.

[0059] The transceiving equipment 60 selects either of the
burst signal outputted by the burst wave oscillator 61 or the
impulse signal outputted by the impulse wave oscillator 62
with the switch 63 to transmit the selected signal to the ultra-
sonic probe 20. Further the transceiving equipment 60 ampli-
fies the received signal of the echo waves (received waves)
received by the ultrasonic probe 20 and then converts an
output of the amplifier 64 into a digital signal with the A/D
converter 65. The signal processing unit 66 processes the
received signal (digital signal) on the basis of the gate pulse
Vgate inputted by the timing controller 53 and transmits the
processed signal to the image display device 50.

[0060] The image display device 50 visualizes an inner
structure of the sample 120 with the scanning position
obtained by the scanning controller 51 as a pixel position and
information of the received signal processed by the transceiv-
ing equipment 60 as brightness information of the pixel for
displaying. The ultrasonographic image indicating the inside
of the sample 120 may be generated on the basis of any of
information based on the amplitude information of the
received signal or information of time while the received
signal exceeds a predetermined amplitude.

[0061] FIG. 2is a partial perspective view of the ultrasonic
imaging device according to the first embodiment to show a
scanning method.

[0062] In FIG. 2, only the X axis scanner 71, the Y axis
scanner 72, and the ultrasonic probe 20 are shown as a part of
the ultrasonic imaging device 10.

[0063] The X axis scanner 71 is for shifting the Y axis
scanner 72 in positive and negative X directions. The Y axis
scanner 72 is a device for shifting the ultrasonic probe 20 in
the positive and negative Y directions.

[0064] The ultrasonic probe 20 has a hollow cylindrical
shape provided with the piezoelectric device 30 (see FIG. 1)
atatip thereof and the encoder 21 (see F1G. 1). The ultrasonic
probe 20 is immerged into a water 110 with which the water
tank 100 is filled and arranged above the sample 120 to face
the sample 120 with a given distance in the 7 direction.

Operation of the First Embodiment

[0065] FIGS. 3A and 3B are illustrations showing a method
of changing a transmission frequency according to the first
embodiment.
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[0066] FIG. 3A shows an example of the burst signal hav-
ing a frequency f1 [Hz].

[0067] The transceiving equipment 60 outputs the burst
signal (electric signal) including three pulses at a frequency f1
[Hz]. The piezoelectric device 30 outputs the ultrasonic sig-
nal including three pulses at the frequency {1 [Hz] based on
the electric signal. According this the transceiving equipment
60 controls the frequency of the ultrasonic waves to control a
frequency of the received signal obtained by converting the
ultrasonic waves into an electric signal.

[0068] FIG. 3B shows an example of a burst signal with a
frequency 12 [Hz].

[0069] The transceiving equipment 60 outputs the burst
signal (electric signal) having six pulses at the frequency {2
[Hz]. The piezoelectric device 30 outputs the ultrasonic sig-
nal having six pulses at the frequency 2 [Hz] in response to
the electric signal. According to this, the transceiving equip-
ment 60 controls the frequency of the ultrasonic waves, which
controls the frequency of the received signal, being an electric
signal converted from the ultrasonic waves.

[0070] FIGS. 4A to 4C show an operational example of the
ultrasonic imaging device according the first embodiment.
[0071] FIG. 4A shows the ultrasonic probe 20 of the ultra-
sonic imaging device 10 and a sample 120.

[0072] The sample 120 has the surface 120s and a measure-
ment border plane 120f. When the ultrasonic waves are trans-
mitted by the ultrasonic probe 20 and reflected by the surface
120s and a measurement boarder plane 120fto generate echo
waves which are received by the ultrasonic probe 20 as shown
by the solid curved lines with arrows in FIG. 4A.

[0073] FIG. 4B shows a relation between the ultrasonic
waves and the echo waves in an output voltage of the piezo-
electric device 30. The axis of abscissa indicates time simi-
larly to FIG. 4A. The vertical axis of FIG. 4B shows a voltage
of the output signal Vout amplified by the amplifier 64.
[0074] The three pulses at time 0 are burst waves for caus-
ing the ultrasonic probe 20 to transmit the ultrasonic waves.
[0075] Three pulses at time is are the received signal cor-
responding to the echo waves received by the ultrasonic probe
20. The echo waves are waves reflected by the surface 120s.
[0076] Three pulses at time tf is a received signal corre-
sponding to the echo waves received by the ultrasonic probe
20. The echo waves are waves reflected by the measurement
boarder plane 120f

[0077] FIG. 4C is a drawing indicating the gate pulse Vgate
for extracting the echo waves.

[0078] The axis of the abscissa indicates a common time
base. The axis of ordinate indicates a voltage of the gate pulse
Vgate.

[0079] The gate pulse Vgate turns on from time t1 to t2 and
off before time t1 and after time t2. Visualization of a status of
the measurement boarder plane 120f can be provided by
extracting the signal for ON period of the gate pulse Vgate
from the output signal Vout of the piezoelectric device 30
shown in FIG. 4B to obtain an amplitude of the signal.

(Inspecting Method Using the Ultrasonographic Image)

[0080] An operation of an image display device according
to the first embodiment will be described.

[0081] Inperformingtheultrasoundtest forthe sample 120,
the operator places the sample 120 on the bottom of the water
tank 100.
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[0082] The operator obtains the ultrasonographic image
using the impulse signal to make the measurement boarder
plane 120f clear as an inspection target of the sample 120.
[0083] The operator confirms an echo interval of the mea-
surement boarder plane 120f'with reference to the ultrasono-
graphic image of the sample 120 using the impulse signal.
There is a tendency that a resolution in the 7 direction
decreases when the number n of the waves is too many and
frequency components of the ultrasonic wave includes fre-
quency components other than a desired frequency compo-
nents when the number of the waves n is too small. The higher
the frequency fx of the burst signal becomes, the more the
resolution of the image is improved by making the focus of
the ultrasonic waves smaller. However, this may result in
deterioration in a signal to noise ratio of the image due to
attenuation in the water 110 and the inside of the sample 120.
[0084] Further the operator switches the signal for the ultra-
sonic probe 20 is switched from the impulse signal to the burst
signal and performs a generation process of frequency-varied
images 130 shown in FIG. 5 and determines an optimal fre-
quency fo on the basis of the frequency-varied images 130.
[0085] The operator obtains the ultrasonographic image
using the burst signal of the determined optimal frequency fo
as an optimal ultrasonographic image of the measurement
boarder plane 1207 of the sample 120 to estimate defectives
inside the sample 120.

[0086] FIG. 5is a flowchart showing a generation process
of the frequency-varied image according to the first embodi-
ment.

[0087] When a generation process for the frequency-varied
images 130 is started, the image display device 50 repeats the
following process including the steps S10 to S22 for all fre-
quencies f1 to 6.

[0088] In a step S11, the scanning controller 51 of the
image display device 50 repeats the following operation for
the predetermined scanning region (lines) in the Y direction.
The predetermined scanning region in the Y direction is the
number of lines for each frequency.

[0089] In a step S12, the scanning controller 51 of the
image display device 50 determines whether the current line
is on an odd number line in the Y direction or not. When the
determination condition is established (Yes), the scanning
controller 51 performs the process in a step S13. When the
determination condition is not established (No), the scanning
controller 51 performs the process in a step S14.

[0090] In the step S13, the scanning controller 51 of the
image display device 50 scans in the positive X direction with
the ultrasonic probe 20 to perform the process in a step S15.
[0091] In the step S14, the scanning controller 51 of the
image display device 50 scans in the negative X direction with
the ultrasonic probe 20.

[0092] In the step S15, the scanning controller 51 of the
image display device 50 determines a position in the X direc-
tion. The scanning controller 51 repeats the determination in
the step S15 before the position in the X direction reaches a
predetermined position. When the position in the X direction
is at the predetermined pixel position, the scanning controller
51 performs the process in a step S16. When the position is at
an end in the X direction, the scanning controller 51 performs
a process in a step S19.

[0093] Inthestep S16, thetiming controller 53 of the image
display device 50 controls transmission and reception of the
ultrasonic waves at the frequency. In other words, the timing
controller 53 outputs the burst signal at the frequency through
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the frequency controller 52 and the burst wave oscillator 61,
switches the switch 63 to an output side of the burst wave
transmitter to output the burst signal to the piezoelectric
device 30. According to this, the piezoelectric device 30
transmits the ultrasonic waves at the frequency and receives
the echo waves (reflected waves) to convert the echo waves
into the received signal. The received signal is amplified by
the amplifier 64 and converted into a digital signal by the A/D
converter 65. An output of an A/D converter 65 is input into
the signal processing unit 66.

[0094] 1In a step S17, the signal processing unit 66 of the
transceiving equipment 60 performs a signal processing for
the received signal. The signal processing unit 66 cuts out the
received signal on the basis of the gate pulse Vgate and
transmits the amplitude information of the received signal or
the time information when the received signal starts vibra-
tions having a predetermined value to the image generator 54.
[0095] In astep S18, the image generator 54 of the image
display device 50 calculates a value of the pixel at the position
and processing returns to the process in a step S12.

[0096] In the step S19, the scanning controller 51 of the
image display device 50 shifts the ultrasonic probe 20 by a
predetermined pitch in the positive Y direction.

[0097] In a step S20, the scanning controller 51 of the
image display device 50 determines whether the process has
been repeated over the predetermined scanning range (line) in
the Y direction. When the determination condition is not
established, the scanning controller 51 returns to the process
in a step S11.

[0098] 1In a step S21, the image display device 50 deter-
mines the process has been repeated for all frequencies f1 to
£6. When the determination condition is not established, the
image display device 50 returns to the process in a step S10.
[0099] 1In astep S22, the image display device 50 displays
respective frequencies of the ultrasonic waves and image
lines in respective ranges in the frequency-varied images 130
to enable to compare image lines scanned at respective fre-
quencies with the displayed frequencies as shown in FIG. 6.
[0100] FIG. 6 is a drawing showing an example of a fre-
quency variable image in the first embodiment. A right direc-
tion in FIG. 6 indicates a positive X direction. A downward
direction in FIG. 6 indicates a positive Y direction.

[0101] Theultrasonic imaging device 10 sets the frequency
of the burst waves supplied to the piezoelectric device 30 to
the frequency f1. Further, after shifting the ultrasonic probe
20 to the right upper part, the ultrasonic imaging device 10
performs scanning in the right direction in FIG. 6, i.e., the
positive (+) X direction. When detecting the position of the
ultrasonic probe 20 is at an end in the positive X direction, the
ultrasonic imaging device 10 shifts the ultrasonic probe 20 in
the Y direction by a predetermined pitch, and then the ultra-
sonic imaging device 10 performs scanning in the left direc-
tion being the negative X direction. The ultrasonic imaging
device 10 repeats this predetermined numbers of times to
obtain pixel values over a predetermined number of Y lines.
[0102] Theultrasonic imaging device 10 sets the frequency
of the burst waves supplied to the piezoelectric device 30 to
the frequency 2, obtaining pixel values over a predetermined
number of Y lines, to obtain an image parts at the frequency
2. Hereinafter, the ultrasonic imaging device 10 repeats this
for frequencies f3 to 6.

[0103] The frequency-varied image 130 has a region in
which scanning is performed at the frequency {1, a region in
which scanning is performed at the frequency 2, a region in
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which scanning is performed at the frequency f3, a region in
which scanning is performed at the frequency 4, a region in
which scanning is performed at the frequency 5, and a region
in which scanning is performed at the frequency f6 in a
vertical order from the upper region. The frequencies of
inspection are shown on the right hand of the regions sub-
jected to inspection at respective frequencies.

[0104] FIG. 6 shows that out of these regions a region as a
result of the inspection at the frequency {3 is most preferable.
In the case of FIG. 6, the frequency is set to the frequency {3
and the visualization of the sample 120 is performed again to
generate a most preferable image in a short period.

Advantageous Effect of First Embodiment

[0105] The first embodiment described above has follow-
ing advantageous effects.

(A) The ultrasonic imaging device 10 provides an image by
one measurement operation with a single ultrasonic probe 20
by only one time including partial images obtained in which
the frequency is varied over the image shown in FIG. 6.

(B) The ultrasonic imaging device 10 visualizes as one sheet
ofimage with the frequency varied stepwise. Accordingly, the
operator can visually determine the optimal frequency fo for
inspection.

(¢) The operator can easily determine the optimal frequency
fo. Accordingly, the ultrasonic imaging device 10 can gener-
ate an image with a high resolution using the optimal fre-
quency fo.

Structure According to the Second Embodiment

[0106] FIG. 7 is a block diagram of an ultrasonic imaging
device according to the second embodiment.

[0107] An ultrasonic imaging device 10A according to the
second embodiment extracts a predetermined frequency
component by applying the received signal to the band-pass
filter 67.

[0108] The ultrasonic imaging device 10A includes an
ultrasonic imaging device 50A which is different from the
image display device 50 and a transceiver 60A which are
different from those of the ultrasonic imaging device 10
according to the first embodiment (see FIG. 1).

[0109] Theimage display device 50A includes a frequency
controller 52A which is a different point from the frequency
controller 50 (FIG. 1). An output side of the scanning con-
troller 51 is connected to the frequency controller 52A. An
output side of the frequency controller 52A is connected to a
band-pass filter 67 of a transceiver 60A which will be
described later.

[0110] The frequency controller 52A controls the fre-
quency of the received signal to a predetermined frequency
according to a scanning position of the ultrasonic probe 20.
[0111] Unlike the transceiving equipment 60 according to
the first embodiment, the transceiver 60A does notincludethe
burst wave oscillator 61 and the switch 63, but the band-pass
filter 67 instead. An output side of the A/D converter 65 is
connected to the band-pass filter 67. The signal processing
unit 66 is connected to the output side of the band-pass filter
67. The band-pass filter 67 is further connected to an output
side of the frequency controller 52A. The band-pass filter 67
controls a pass band of the received signal to a predetermined
band according to the scanning position of the ultrasonic
probe 20.
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Operation of Second Embodiment

[0112] Withreference to FIG. 7, will be described an opera-
tion of the ultrasonic imaging device according to the second
embodiment.

[0113] Inperforming the ultrasound test of the sample 120,
the operator places the sample 120 on the bottom of the water
tank 100 like the first embodiment.

[0114] The operator obtains the ultrasonographic image by
the impulse signal to make the measurement boarder plane
1201 clear as a target like the first embodiment. During this
operation, the band-pass filter 67 is set to all signals in all
frequency bands to pass therethrough.

[0115] The operator confirms an echo interval of the mea-
surement boarder plane 120f'with reference to the ultrasono-
graphic image of the sample 120 by the impulse signal, sets
timing when the gate pulse Vgate is made ON, and sets the
pass band of the received signal to frequencies f1 to £6. The
operator further performs generation process of the fre-
quency-varied images 130 shown in FIG. 8 to determine an
optimal frequency fo on the basis of the frequency-varied
images 130.

[0116] The operator obtains the ultrasonographic image at
the determined optimal frequency as an optimal ultrasono-
graphic image of the measurement boarder plane 1207 of the
sample 120 to estimate the defective or the like inside the
sample 120.

[0117] FIG. 8 is flowchart of a generating process for a
frequency-varied image according to a second embodiment.

[0118] After a start of the generation process of the fre-
quency-varied image 130, the process from the step S10 to the
step S15 are the same as that from the step S10 to the step S15
shown in FIG. 5.

[0119] Inastep S16A, thetiming controller 53 of the image
display device 50 effects controlling of transmitting and
receiving the ultrasonic waves. In other words, the timing
controller 53 controls the impulse wave oscillator 62 to gen-
erate and transmit the impulse signal to the piezoelectric
device 30. Accordingly, the piezoelectric device 30 transmits
the ultrasonic waves having a broad frequency band and
receives the echo waves resulting from the ultrasonic waves to
convert the echo signal into the received signal. The received
signal is amplified by the amplifier 64 and converted with the
A/D converter 65 into the digital signal which is inputted into
the band-pass filter 67.

[0120] In astep S17A, the band-pass filter 67 of the trans-
ceiving equipment 60 performs a band pass filter process with
a pass-band at the frequency for the received signal on the
basis of the output signal of the frequency controller 52A. The
signal processing unit 66 performs a signal process for the
received signal processed by the band-pass filter 67 on the
basis of the gate pulse Vgate. According to this, the image
display device 50 can control the frequency of the received
signal.

[0121] The process from the step S18 to the step S22 are
similar to the process from the step S18 to the step S22 of the
first embodiment (see FIG. 1).

Advantageous Effect of Second Embodiment

[0122] As described above the second embodiment pro-
vides a following advantageous effect (D).
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(D) Because the pass band of the received signal is controlled
with the band-pass filter 67, the frequency-varied images 130
can be obtained without any new hardware such as the burst
wave oscillator 61.

Structure of Third Embodiment

[0123] FIG. 9 is an outline structure of an ultrasonic imag-
ing device according to a third embodiment.

[0124] Anultrasonic imaging device 10B determines a fre-
quency fo of the optimal ultrasonic waves automatically, and
obtained the ultrasonographic image at the frequency fo.
[0125] Theultrasonic imaging device 10B according to the
third embodiment includes an ultrasonic imaging device 50B
which is different from the ultrasonic imaging device 10 (see
FIG. 1), and other configuration is the same as that of the first
embodiment.

[0126] The ultrasonic imaging device 50B according to the
third embodiment includes in addition to the image display
device 50 according to the first embodiment (see FIG. 1), a
contrast calculating unit 56 for calculating a contrast of the
ultrasonographic image and an optimal frequency adjusting
processing unit 55, and other configuration is made similarly
to the first embodiment.

[0127] The optimal frequency adjusting processing unit 55
controls the scanning controller 51, etc. to estimate the ultra-
sonographic image of the sample 120, automatically detect-
ing an optimal frequency fo of the ultrasonic waves, to obtain
the ultrasonographic image at the detected frequency fo.
[0128] The contrast calculating unit 56 calculates the con-
trast value of the obtained ultrasonographic image. The con-
trast value is a value obtained by dividing a maximum white
brightness value by a black brightness value. The optimal
frequency adjusting processing unit 55 determines that the
image having the highest contrast value out of the ultrasono-
graphic images is an optimal image and automatically detects
the frequency fo of the ultrasonic waves in that case.

Operation of the Third Embodiment

[0129] An operation of the ultrasonic imaging device
according to the third embodiment will be described, occa-
sionally referring to FIG. 7.

[0130] Inperformingtheultrasound test forthe sample 120,
the operator places the sample 120 on the bottom of the water
tank 100.

[0131] The operator obtains the ultrasonographic image
using the impulse signal to make the measurement boarder
plane 120f clear as a target for the sample 120 like the first
embodiment.

[0132] The operator confirms an echo interval of the mea-
surement boarder plane 120f'with reference to the ultrasono-
graphic image of the sample 120 using the impulse signal like
the first embodiment and sets timing for turning on the gate
pulse Vgate to set the number n of the wave of the burst signal
and the frequency f1 to f6. There is a tendency that a resolu-
tion in the Z direction decreases when the number n of the
waves of the burst signal is too many and that frequency
components of the ultrasonic waves includes frequency com-
ponents other than a desired frequency components when the
number of the waves n is too small. The higher the frequency
fx of the burst signal becomes, the more the resolution of the
image is improved by making the focus of the ultrasonic
waves smaller. However, this may result in deterioration in a
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signal to noise ratio of the image due to attenuation in the
water 110 and the inside of the sample 120.

[0133] Furtherthe operator switches the signal for the ultra-
sonic probe 20 from the impulse signal to the burst signal and
performs an optimal frequency adjusting process shown in
FIG. 10 to obtain an ultrasonographic image of the measure-
ment boarder plane 120f of the sample 120 to estimate a
defective inside the sample 120, etc.

[0134] FIG. 10 is an optimal frequency adjusting process
according to a third embodiment.

[0135] When the optimal frequency adjusting process is
started, an optimal frequency adjusting processing unit 55
repeats the following steps S30 to S33 for all frequencies.
Here, the term “all frequencies” means all frequencies in an
adjusting range in the process.

[0136] In a step S31, the ultrasonic imaging device 10B
performs the imaging process for a partial region at the fre-
quency. Accordingly, the ultrasonic imaging device 10B can
generate the ultrasonographic image at the frequency. The
partial region is, for example, a region having one fourth of a
width of image and one fourth of height at a middle part of the
image. Because the ultrasonic imaging device 10B images
only a partial region to detect the optimal frequency fo, the
optimal frequency fo can be obtain within a short period.

[0137] Inastep S32, the contrast calculating unit 56 of the
ultrasonic imaging device 10B calculates a contrast value of
the ultrasonographic image at the frequency.

[0138] In astep S33, the optimal frequency adjusting pro-
cessing unit 55 of the ultrasonic imaging device 10B deter-
mines whether the process has been performed for all fre-
quencies. When the determination condition is not
established, the optimal frequency adjusting processing unit
55 returns to processing in a step S30.

[0139] In astep S34, the optimal frequency adjusting pro-
cessing unit 55 of the ultrasonic imaging device 10B specifies
the frequency providing an image with a highest contrast
value. The optimal frequency adjusting processing unit 55
estimates the contrast values of the respective ultrasono-
graphic images with the contrast calculating unit 56 to opti-
mize the frequency of the ultrasonic waves to maximize the
contrast value.

[0140] In a step S35, the optimal frequency adjusting pro-
cessing unit 55 of the ultrasonic imaging device 10B performs
the imaging process (FIG. 11) for a whole region at the
specified frequency and finishes the process in FIG. 10.

[0141] FIG. 11 shows an imaging process according to the
third embodiment.

[0142] The imaging process according to the third embodi-
ment is a process called by the optimal frequency adjusting
processing unit 55 of the ultrasonic imaging device 10B in the
step S31 and the step S35. In the step S31, the optimal fre-
quency adjusting processing unit 55 performs the imaging
process, specifying a partial region of the whole image as a
target of imaging to conduct the imaging process. In the step
S35, the optimal frequency adjusting processing unit 55
specifies the whole of image as the imaging target to conduct
the imaging process.

[0143] When the imaging process is started, in a step S11B
to a step S20B, the ultrasonic imaging device 10B repeats the
process for the specified range including Y direction lines.
The term “specified region” means a range specified in the
upper level process (step S31 and step S35).
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[0144] Theprocess ofthe steps S12 to S19 is the same as the
process according to the steps S12 to S19 in the first embodi-
ment.

[0145] Inthe step S20B, the ultrasonic imaging device 10B
determines whether the process is repeated for the specified
scanning region including a predetermined number of the
scanning line in the Y direction. When the determination
condition is not established, the ultrasonic imaging device
10B returns to the process in the step S11B.

[0146] In a step S23, the image generator 54 of the ultra-
sonic imaging device 10B generates the ultrasonographic
image on the basis of the calculated all pixels, and finishes the
process in FIG. 11. Here, “all pixels” means all pixels speci-
fied by the upper level process of the imaging process.

Advantageous Effects of Third Embodiment

[0147] As described above, there are following advanta-
geous effects in the third embodiment.

(E) The ultrasonic imaging device 10B automatically deter-
mines whether the image is an optimal inspection image on
the basis of the contrast value of the ultrasonographic image.
According to this, operator’s man power can be saved for the
process and the determination.

(F) The optimal frequency of the ultrasonic waves can be
determined automatically with a quantitative index not
depended on a skillfulness of the operator.

(Modifications)

[0148] The present invention is not limited to the embodi-
ments above, but may be modified within a range without
departure from sprit of the present invention. There are fol-
lowing modifications (a) to (g).

(a) The embodiments above are examples in which the
present invention is applied to the ultrasonic imaging device
10, the ultrasonic imaging device 10A, and the ultrasonic
imaging device 10B including the single focus type ultrasonic
probe (the ultrasonic probe 20). However, the present inven-
tion is not limited to this. The present invention can be applied
to the ultrasonic imaging device with an array type ultrasonic
probe (the ultrasonic probe 20).

(b) In the embodiments above, the ultrasonic probe 20 trans-
mits the ultrasonic waves, and receives the echo waves
reflected by the sample 120 to convert the received echo
waves into the received signal. However, the present inven-
tion is not limited to this, but may be modified in which an
ultrasonic prove for transmission and an ultrasonic prove for
reception are provided and the sample is placed on a center
area in front of the probes. According to this, the ultrasonic
waves reflected, scattered, and refracted by the sample are
received and converted into the received signal to generate the
ultrasonographic image.

(¢) In the third embodiment, the optimal image 1s determined
on the basis of the contrast value. However, this is not limited
to this, the ultrasonic imaging device 10 may include a high
frequency component estimating unit for estimating the high
frequency component of the image, and the frequency of the
ultrasonic waves may be optimized to maximize the high
frequency component. FIG. 12 shows such a modification of
an ultrasonic imaging device 10C which includes an image
display device 50C which includes a high frequency compo-
nent calculating unit 80 for calculating the high frequency
component of the image. The optimal frequency adjusting
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processing unit 55 adjusts the optimal frequency on the basis
of the calculated high frequency component of the image.
(d) The sample 120 which a target of the ultrasonic imaging
device 10 in the embodiment above is, for example, a semi-
conductor device or an integrated circuit device. However, the
present invention is not limited to this, but may be applied to
the general ultrasonic imaging device for non-destructive
testing or an ultrasonic imaging device for medical use.

(e) The frequency-varied images 130 in the embodiments
above is an ultrasonographic image obtained by varying the
frequency stepwise. However, the present invention is not
limited to this. For example, the frequency-varied image may
be an ultrasonographic image obtained by continuously vary-
ing the frequency.

(f) The frequency-varied image 130 in the embodiments
above displayed with frequencies displayed on the right hand
with marks. However, the present invention is not limited to
this. For example, the frequencies may be displayed with
values for the frequency-varied image.

(g) The method of varying the frequency is not limited to the
embodiments above. For example, the number of pulses is
fixed, the frequency is varied for each pulse. Combinations of
the number of pulses and the frequencies are registered, and
one is successively selected from the combinations. Accord-
ing to this, a variation method for an optimal frequency suited
for the material or structure of the sample can be selected and
optimal combination between the pulse and the frequency can
be selected.

The invention claimed is:

1. A measurement frequency variable ultrasonic imaging

device comprising:

an ultrasonic probe including a piezoelectric device trans-
mitting ultrasonic waves to a sample and receiving an
ultrasonic waves reflected, scattered, and refracted by
the sample to output a received signal;

a scanner scanning the sample with the ultrasonic probe
and positioning the ultrasonic probe at a predetermined
scanning position;

a frequency controller controlling a frequency of the
received signal in accordance with the scanning position
of the probe;

asignal processing unit processing the received signal; and

an image generator generating an ultrasonic wave image at
the predetermined frequency on the basis of an output
signal of the signal processing unit.
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2. The measurement frequency variable ultrasonic imaging
device as claimed in claim 1, wherein the frequency controller
controls the frequency of the received signal by controlling a
frequency of a transmission signal supplied to the piezoelec-
tric device.

3. The measurement frequency variable ultrasonic imaging
device as claimed in claim 1,

wherein the frequency controller comprises a burst wave
oscillator generating and supplying a burst signal having
the predetermined frequency to the piezoelectric device.

4. The measurement frequency variable ultrasonic imaging
device as claimed in claim 1, wherein the frequency controller
controls the frequency of the received signal by controlling a
pass band of the received signal.

5. The measurement frequency variable ultrasonic imaging
device as claimed in claim 2,

wherein the frequency controller controls the predeter-
mined frequency of the ultrasonic waves in accordance
with the scanning position, and

wherein the image generator displays the predetermined
frequency in accordance with the scanning position on
the generated ultrasonic wave image.

6. The measurement frequency variable ultrasonic imaging
device as claimed in claim 1, further comprising an optimal
frequency adjusting processing unit estimating the ultrasonic
wave image of the sample and optimizing the frequency of the
ultrasonic waves.

7. The measurement frequency variable ultrasonic imaging
device as claimed in claim 6,

wherein the optimal frequency adjusting processing unit
comprises a contrast calculating unit and optimizes the
frequency of the ultrasonic waves to maximize the con-
trast.

8. The measurement frequency variable ultrasonic imaging
device as claimed in claim 6,

wherein the optimal frequency adjusting processing unit
comprises a high frequency component calculating unit
calculating a high frequency component of the ultra-
sonic wave image of the sample and optimizes the fre-
quency of the ultrasonic waves to maximize the high
frequency component.
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