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(54) ULTRASOUND RADIATING AND (57) ABSTRACT
RECEIVING DEVICE

An ultrasound radiating and receiving device comprises a

piezoelectric substrate, an interdigital arrangement of first

(76) Inventor: Kohji Toda, Yokosuka (JP) and second comb-shaped electrodes, and a counter elec-
’ trode. The interdigital arrangement 1s mounted on an upper

Correspondence Address: end surface of the piezoelectric substrate. The counter
Kohji Toda clectrode 1s formed on a lower end surface of the piezoelec-
1-49-18 Futaba tric sgbstrate, and 1s 1n contact with a surface-part of a
Yokosuka 239-0814 (JP) material through the lower end surface of the counter
clectrode. When an 1nput electric signal 1s applied between

_ the first comb-shaped electrode and the counter electrode, a

(21) Appl. No.: 10/153,564 longitudinal wave is radiated into the material through the

(22) Filed: May 20, 2002 surface-part of the material along the direction vertical to the

lower end surface of the piezoelectric substrate. If the

Publication Classification longitudinal wave 1s reflected at an object located inside the

material, a reflected longitudinal wave 1s detected between

(51) Int. CL7 oo GO01D 21/00  the second comb-shaped electrode and the counter electrode
(52) U.S. Clo oo, 73/651 as a delayed clectric signal.
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ULTRASOUND RADIATING AND RECEIVING
DEVICE

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to a device for radi-
ating an ultrasound into a material and receiving a reflected
ultrasound by means of using a piezoelectric substrate, an
interdigital arrangement of two comb-shaped electrodes
formed on an upper end surface of the piezoelectric sub-
strate, a counter electrode formed on a lower end surface of
the piezoelectric substrate.

[0003] 2. Description of the Prior Art

[0004] A thickness mode piezoelectric transducer with
parallel plate-like electrodes 1s commonly used for radiating,
an ultrasound into a liquid. When receiving a reflected
ultrasound from the liquid, such a conventional type of
transducer needs, for example, a circulator 1n order to
separate a delayed electric signal from an iput electric
signal, because the conventional type of transducer 1s used
both as 1nput- and output electrodes. Accordingly, such the
conventional type of transducer has a difficulty m quick
response measurement, and a complicated circuit-construc-
tion. In addition, such the conventional type of transducer
has a difficulty 1n scanning operation.

[0005] On the other hand, an interdigital transducer on the
piezoelectric substrate operates at a liquid-solid boundary as
a leaky wave transducer for bulk wave radiation into the
liquid. The leaky SAW ftraveling on a sufficiently thick
substrate compared with the wavelength has only one mode
without velocity dispersion. Such the interdigital transducer
for the leaky SAW has a difficulty in making the radiation
angle vertical.

SUMMARY OF THE INVENTION

[0006] An object of the present invention is to provide an
ultrasound radiating and receiving device capable of making,
an mterdigital transducer act as a thickness mode transducer.

[0007] Another object of the present invention is to pro-
vide an ultrasound radiating and receiving device operating,
with a quick response.

[0008] Another object of the present invention is to pro-
vide an ultrasound radiating and receiving device need not
a circulator, and so on.

[0009] Another object of the present invention is to pro-
vide an ultrasound radiating and receiving device capable of
scanning operation.

[0010] Another object of the present invention is to pro-
vide an ultrasound radiating and receiving device capable of
imaging of an object 1n a material.

[0011] Another object of the present imnvention is to pro-
vide an ultrasound radiating and receiving device capable of
making the radiation angle vertical.

[0012] Another object of the present invention is to pro-
vide an ultrasound radiating and receiving device capable of
low electric power consumption.
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[0013] Another object of the present invention is to pro-
vide an ultrasound radiating and receiving device capable of
radiating an ultrasound 1nto a cellular tissue and receiving a
reflected signal.

[0014] Another object of the present invention is to pro-
vide an ultrasound radiating and receiving device excellent
in durability and manufacturing.

[0015] A still other object of the present invention 1s to
provide an ultrasound radiating and receiving device easy 1n
use and having a small size which 1s very light 1n weight and
has a simple structure.

[0016] According to one aspect of the present invention
there 1s provided an ultrasound radiating and receiving
device comprising a piczoelectric substrate, first and second
comb-shaped electrodes formed on an upper end surface of
the piezoelectric substrate, and a counter electrode formed
on a lower end surface of the piezoelectric substrate. The
counter electrode 1s 1n contact with a surface-part of a
material through the lower end surface of the counter
clectrode. The first- and second comb-shaped electrodes
form an interdigital arrangement.

[0017] If an input electric signal is applied between the
first comb-shaped electrode and the counter electrode, a
longitudinal wave 1s radiated into the material through the
surface-part of the material along the direction vertical to the
lower end surface of the piezoelectric substrate. The, lon-
oitudinal wave 1s reflected at an object located inside the
material. And then, a reflected longitudinal wave 1s detected
between the second comb-shaped electrode and the counter
clectrode as a delayed electric signal.

|0018] According to another aspect of the present inven-
tion there 1s provided an amplifier between the first- and
second comb-shaped electrodes. Thus, the delayed electric
signal 1s amplified via the amplifier, and supplied to the first
comb-shaped electrode as the 1nput electric signal again.

[0019] According to another aspect of the present inven-
tion there 1s provided an ultrasound radiating and receiving
device, wherein the opposite surface-part of the material acts
as the object.

[0020] According to another aspect of the present inven-
tion there 1s provided an ultrasound radiating and receiving
device, wherein the ratio of the interdigital periodicity of the
interdigital arrangement to the thickness of the piezoelectric
substrate 1s smaller than four times the ratio of the longitu-
dinal wave velocity 1n the material to the longitudinal wave
velocity 1n the piezoelectric substrate.

[0021] According to another aspect of the present inven-
tion there 1s provided an ultrasound radiating and receiving
device, wherein 1ncreasing the number of electrode-finger
pairs 1n the mterdigital arrangement makes the directionality
of the longitudinal wave sharper under a condition that the
total amount of all the finger-areas of the first comb-shaped
clectrode 1s constant.

[0022] According to another aspect of the present inven-
tion there 1s provided an ultrasound radiating and receiving
device, wherein the material 1s a liquid matter.

[0023] According to another aspect of the present inven-
tion there 1s provided an ultrasound radiating and receiving
device, wherein the material 1s a cellular tissue.
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10024] According to another aspect of the present inven-
fion there 1s provided a polymer film, with which the lower
end surface of the counter electrode 1s coated.

[0025] According to another aspect of the present inven-
tion there 1s provided a scanning unit composed of groups X
(i=1, 2, . . . , n) of switches, which correspond to the
clectrode-fingers of the first comb-shaped electrode, respec-
fively. One and the next of the groups X. have common
switches each other except the first switch of the one of the
ogroups X. and the last switch of the next of the groups X..

[0026] Ifinput electric signals are applied between the first
comb-shaped electrode and the counter electrode via the
groups X. 1n turn, longitudinal waves are radiated along the
direction vertical to the lower end surface of the piezoelec-
tric substrate into the material 1n the form of a scanned
ultrasound beam as a whole. The scanned ultrasound beam
1s reflected at the object, and detected between the second
comb-shaped electrode and the counter electrode detecting
as a scanned electric signal.

[0027] According to another aspect of the present inven-
fion there are provided a first scanning unit composed of
groups X. (1=1, 2, . . ., n) of switches corresponding to the
clectrode-fingers of the first comb-shaped electrode, respec-
fively, and a second scanning unit composed of groups Y,
(i=1, 2, . . ., n) of switches corresponding to the electrode-
fingers of the second comb-shaped electrode, respectively.
One and the next of the groups X. have common switches
cach other except the first switch of the one of the groups X,
and the last switch of the next of the groups X.. In the same
way, one and the next of the groups Y. have common
switches each other except the first switch of the one of the
groups Y. and the last switch of the next of the groups Y..

[0028] If input electric signals are applied between the first
comb-shaped electrode and the counter electrode via the
oroups X. 1n turn, longitudinal waves are radiated along the
direction vertical to the lower end surface of the piezoelec-
fric substrate mto the material i the form of a scanned
ultrasound beam as a whole. The longitudinal waves are
reflected at the object, and detected between the second
comb-shaped electrode and the counter electrode by means
of the groups Y, 1n turn 1n the form of a scanned electric
signal as a whole.

10029] According to another aspect of the present inven-
tion there 1s provided an ultrasound radiating and receiving
device comprising a first piezoelectric substrate, a first
interdigital arrangement of two comb-shaped electrodes, a
second piezoelectric substrate, a second 1nterdigital arrange-
ment of two comb-shaped electrodes, and a counter elec-
trode cemented between the first- and second piezoelectric
substrates. The first interdigital arrangement 1s formed on a
lower end surface of the first piezoelectric substrate. A lower
end surface of the first interdigital arrangement 1s 1n contact
with a surface-part of a material. The second interdigital
arrangement 1s formed on an upper end surface of the second
piezoelectric substrate.

10030] If an input electric signal is applied between one of
the two comb-shaped electrodes in the first interdigital
arrangement and the counter electrode, a longitudinal wave
1s radiated into the material through the surface-part of the
material along the direction vertical to the lower end surface
of the first piezoelectric substrate. The longitudinal wave 1s
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reflected at an object located inside the material, and
detected between one of the two comb-shaped electrodes in
the second interdigital arrangement and the counter elec-
trode as a delayed electric signal.

[0031] According to another aspect of the present inven-
tion there 1s provided an ultrasound radiating and receiving

device, wherein the finger direction of the second interdigi-
tal arrangement 1s orthogonal to that of the first interdigital
arrangement.

[0032] According to another aspect of the present inven-
tion there 1s provided an ultrasound radiating and receiving
device, wherein the finger width 1n the one of the two
comb-shaped electrodes 1n the first interdigital arrangement
1s wider than that in the other of the two comb-shaped
clectrodes 1n the first interdigital arrangement, and the finger
width 1n the one of the two comb-shaped electrodes 1n the
second 1nterdigital arrangement 1s wider than that in the
other of the two comb-shaped electrodes 1n the second
interdigital arrangement.

[0033] According to another aspect of the present inven-
tion there 1s provided an ultrasound radiating and receiving
device, wherein the ratio of the interdigital periodicity of the
first 1nterdigital arrangement to the thickness of the first
piezoelectric substrate 1s smaller than four times the ratio of
the longitudinal wave velocity 1n the material to the longi-
tudinal wave velocity in the first piezoelectric substrate.

[0034] According to another aspect of the present inven-
tion there 1s provided an ultrasound radiating and receiving
device, wherein increasing the number of electrode-finger
pairs 1n the first mterdigital arrangement makes the direc-
tionality of the longitudinal wave sharper under a condition
that the total amount of all the finger-areas of the one of the
two comb-shaped electrodes 1n the first interdigital arrange-
ment 1S constant.

[0035] According to another aspect of the present inven-
tion there 1s provided a polymer film, with which the lower
end surface of the first interdigital arrangement 1s coated.

[0036] According to another aspect of the present inven-
tion there are provided a first scanning unit composed of
groups X; (1=11, . . ., n) of switches corresponding to the
clectrode-fingers, respectively, of the one of the two comb-
shaped electrodes 1n the first interdigital arrangement, and a
second scanning unit composed of groups Y, (i=11, . . ., n)
of switches corresponding to the electrode-fingers, respec-
tively, of the one of the two comb-shaped electrodes 1n the
second interdigital arrangement. One and the next of the
ogroups X; have common switches each other except the first
switch of the one of the groups X, and the last switch of the
next of the groups X;. In the same way, one and the next of
the groups Y, have common switches each other except the
first switch of the one of the groups Y. and the last switch of
the next of the groups. If mput electric signals are applied
between the one of the two comb-shaped electrodes 1n the
first interdigital arrangement and the counter electrode via
the groups X, 1n turn, longitudinal waves are radiated along
the direction vertical to the lower end surface of the first
piezoelectric substrate into the material through the surface-
part of the material in the form of a scanned ultrasound beam
as a whole. The scanned ultrasound beam 1is reflected at the
object, and detected between the one of the two comb-
shaped electrodes 1n the second interdigital arrangement and
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the counter electrode by means of the groups Y; in turn as
scanned electric signals. Thus, the upper surface-shape of
the object 1s sensed from the scanned electric signals.

[0037] According to another aspect of the present inven-
fion there 1s provided an ultrasound radiating and receiving
device comprising, a first piezoelectric substrate, a first
comb-shaped electrode, a second piezoelectric substrate, a
second comb-shaped electrode, and a counter electrode
cemented between the first- and second piezoelectric sub-
strates. The first comb-shaped electrode 1s formed on a lower
end surface of the first piezoelectric substrate. A lower end
surface of the first comb-shaped electrode 1s 1n contact with
a surface-part of a material. The second comb-shaped elec-
trode 1s formed on an upper end surface of the second
piezoelectric substrate.

[0038] If an input electric signal is applied between the
first comb-shaped electrode and the counter electrode, a
longitudinal wave 1s radiated into the material through the
surface-part of the material along the direction vertical to the
lower end surface of the first piezoelectric substrate. The
longitudinal wave 1s reflected at an object located inside the
material, and detected between the second comb-shaped
clectrode and the counter electrode as a delayed electric
signal.

[0039] According to another aspect of the present inven-
tion there 1s provided an ultrasound radiating and receiving
device, wheremn the finger direction of the second comb-
shaped electrode 1s orthogonal to that of the first comb-
shaped electrode.

[0040] According to another aspect of the present inven-
tion there 1s provided an ultrasound radiating and receiving
device, wherein the ratio of the interdigital periodicity of the
first comb-shaped electrode to the thickness of the first
piezoelectric substrate 1s smaller than four times the ratio of
the longitudinal wave velocity 1n the material to the longi-
tudinal wave velocity 1n the first piezoelectric substrate.

[0041] According to another aspect of the present inven-
tion there 1s provided an ultrasound radiating and receiving
device, wherein 1ncreasing the number of electrode-finger
pairs 1n the first comb-shaped electrode makes the direc-
tionality of the longitudinal wave sharper under a condition
that the total amount of all the finger-arcas of the first
comb-shaped electrode 1s constant.

10042] According to other aspect of the present invention
there 1s provided a polymer film, with which the lower end
surface of the first comb-shaped electrode 1s coated.

[0043] According to a further aspect of the present inven-
tion there are provided a first scanning unit composed of
groups X; (i=1, 2, . . ., n) of switches corresponding to the
clectrode-fingers, respectively, of the first comb-shaped
electrode, and a second scanning unit composed of groups Y,
(i=1, 2, . . ., n) of switches corresponding to the electrode-
fingers, respectively, of the second comb-shaped electrode.
One and the next of the groups X. have common switches
cach other except the first switch of the one of the groups X,
and the last switch of the next of the groups X.. In the same
way, one and the next of the groups Y. have common
switches each other except the first switch of the one of the
oroups Y; and the last switch of the next of the groups Y..

10044] If input electric signals are applied between the first
comb-shaped electrode and the counter electrode via the
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cgroups X. 1n turn, longitudinal waves are radiated along the
direction vertical to the lower end surface of the first
piezoelectric substrate into the material through the surface-
part of the material in the form of a scanned ultrasound beam
as a whole. The scanned ultrasound beam 1is reflected at the
object, and detected between the second comb-shaped elec-
trode and the counter electrode by means of the groups Y; in
turn as scanned electric signals. Thus, the upper surface-
shape of the object 1s sensed from the scanned electric
signals.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] Other features and advantages of the invention will
be clarified from the following description with reference to
the attached drawings.

10046] FIG. 1 shows a sectional view of an ultrasound
radiating and receiving device according to a first embodi-
ment of the present invention.

10047] FIG. 2 shows a fragmentary top plan view of
interdigital arrangement 2.

10048] FIG. 3 shows a sectional view of an ultrasound
radiating and receiving device according to a second
embodiment of the present invention.

10049] FIG. 4 shows a sectional view of an ultrasound
radiating and receiving device according to a third embodi-
ment of the present mnvention.

[0050] FIG. 5 shows a fragmentary top plan view of
interdigital arrangement 8 connected with scanning unit 7.

[0051] FIG. 6 shows a sectional view of an ultrasound
radiating and receiving device according to a fourth embodi-
ment of the present invention.

[0052] FIG. 7 shows a relationship between the relative
amplitude and the radiation angle of one of the seventeen
longitudinal waves 1nto water from the ultrasound radiation

device in FIG. 4.

10053] FIG. 8 shows a top plan view of the finger overlap-
zone ol mterdigital arrangement 2.

10054] FIG. 9 shows a top plan view of the finger overlap-
zone of interdigital arrangement 8.

[0055] FIG. 10 shows a sectional view of an ultrasound
radiating and receiving device according to a fifth embodi-
ment of the present mnvention.

[0056] FIG. 11 shows fragmentary a top plan view of
interdigital arrangement 8 connected with first scanning unit
10 and second scanning unit 11.

[0057] FIG. 12 shows a sectional view of an ultrasound
radiating and receiving device according to a sixth embodi-
ment of the present invention.

[0058] FIG. 13 shows a sectional view of an ultrasound
radiating and receiving device according to a seventh
embodiment of the present invention.

[10059] FIG. 14 shows a schematic illustration of first
interdigital arrangement 13 and second interdigital arrange-
ment 135.
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10060] KFIG. 15 shows a sectional view of an ultrasound
radiating and receiwving device according to an eighth
embodiment of the present invention.

[0061] KFIG. 16 shows a sectional view of an ultrasound
radiating and receiving device according to a ninth embodi-
ment of the present invention.

10062] KFIG. 17 shows a schematic illustration of first
interdigital arrangement 13 and second interdigital arrange-
ment 15.

10063] FKIG. 18 shows a sectional view of an ultrasound
radiating and receiving device according to a tenth embodi-
ment of the present invention.

10064] KIG. 19 shows a sectional view of an ultrasound
radiating and receiving device according to an eleventh
embodiment of the present invention.

10065] FIG. 20 shows a schematic illustration of first
comb-shaped electrode 16 and second comb-shaped elec-
trode 17.

[0066] FIG. 21 shows a sectional view of an ultrasound
radiating and receiving device according to a twellth
embodiment of the present invention.

10067] FIG. 22 shows a sectional view of an ultrasound
radiating and receiwving device according to a thirteenth
embodiment of the present invention.

10068] KIG. 23 shows a schematic illustration of first

comb-shaped electrode 16 connected with first scanning unit
18, and second comb-shaped electrode 17.

10069] FIG. 24 shows a sectional view of an ultrasound
radiating and receiving device according to a fourteenth
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PRESENTLY PREFERRED EXEMPLARY
EMBODIMENTS

10070] FIG. 1 shows a sectional view of an ultrasound
radiating and receiving device according to a first embodi-
ment of the present invention. The ultrasound radiating and
receiving device comprises piezoelectric substrate 1, inter-
digital arrangement 2 of two comb-shaped electrodes (2A
and 2B), counter electrode 3, amplifier 4, and signal analyzer
5. Piezoelectric substrate 1 1s made of a piezoelectric
ceramic plate with a thickness (T) of 500 um, and the
polarization axis thereof is parallel to the thickness direction
thereof. Interdigital arrangement 2, made of an aluminum
thin film, 1s formed on an upper end surface of piezoelectric
substrate 1. Counter electrode 3, made of an aluminum thin
film, 1s formed on a lower end surface of piezoelectric
substrate 1. Thus, the ultrasound radiating and receiving
device 1n F1G. 1 has a small size, which 1s very light in
welght and has a simple structure. The lower end surface of
counter electrode 3 1s 1n contact with a surface-part of a
material.

10071] FIG. 2 shows a fragmentary top plan view of
interdigital arrangement 2. Interdigital arrangement 2 has
fifteen electrode-finger pairs, a finger-overlap length (L) of
5 mm, a finger width (W) of 75 um, and an interdigital
periodicity (P) of 300 um. Interdigital arrangement 2 is
composed of first comb-shaped electrode 2A and second
comb-shaped celectrode 2B. Amplifier 4 1s connected
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between first comb-shaped electrode 2A and second comb-

shaped electrode 2B 1 FIG. 1.

[0072] In the ultrasound radiating and receiving device in
FIG. 1, if an mput electric signal 1s applied between {first
comb-shaped electrode 2A and counter electrode 3, a lon-
oitudinal wave 1s radiated into the material through the
surface-part of the material. If the material 1s water, the
longitudinal wave velocity in water (V) is approximately
1,500 m/s. On the other hand, the longitudinal wave velocity
in piezoelectric substrate 1 (V) is 4,500 m/s. Thus, the ratio
of the V_ value to the V value, that 1s 1,500/4,500, 1s
approximately 0.333. As a result, the ratio of the interdigital
periodicity (P) of interdigital arrangement 2 to the thickness
(T) of piezoelectric substrate 1, that is 300/500, 1s 0.6, which
1s still smaller than four times the ratio of the V_, value to the
V value. Under such a condition of P/T<4V_/V, the longi-
tudinal wave along the direction vertical to the lower end
surface of piezoelectric substrate 1 1s effectively radiated
into water. In the same way, the longitudinal wave 1is
clfectively radiated into, for example, a cellular tissue.

[0073] If the longitudinal wave is reflected at the opposite
surface-part of the material, as shown 1 FIG. 1, or at an
object located inside the material, a reflected longitudinal
wave 1s detected between second comb-shaped electrode 2B
and counter electrode 3 as a delayed electric signal, which
1s amplified via amplifier 4, as well as detected at signal
analyzer 5. An amplified electric signal 1s supplied to first
comb-shaped electrode 2A as the mput electric signal again.
Thus, supplying comb-shaped electrode 2A with the 1nput
clectric signal via amplifier 4 causes a self-oscillation, and
moreover causes the circuit construction simplified.

[0074] FIG. 3 shows a sectional view of an ultrasound
radiating and receiving device according to a second
embodiment of the present invention. The ultrasound radi-
ating and receiving device has the same construction as FI1G.
1 except for the absence of amplifier 4 and the presence of
signal generator 6.

[0075] In the ultrasound radiating and receiving device in
FIG. 3, 1f an 1nput electric signal from signal generator 6 1s
applied between first comb-shaped electrode 2A and counter
clectrode 3, a longitudinal wave 1s radiated into the material
through the surface-part of the material. If the longitudinal
wave 1s reflected at the opposite surface-part of the material,
as shown 1n FIG. 3, a reflected longitudinal wave 1s detected
between second comb-shaped electrode 2B and counter
clectrode 3 as a delayed electric signal, which arrives at
signal analyzer 5.

[0076] FIG. 4 shows a sectional view of an ultrasound
radiating and receiving device according to a third embodi-
ment of the present invention. The ultrasound radiating and
rece1ving device comprises piezoelectric substrate 1, counter
clectrode 3, amplifier 4, signal analyzer §, scanning unit 7,
interdigital arrangement 8 of two comb-shaped electrodes

(8A and 8B), and silicone rubber 9, with which the lower end
surface of counter electrode 3 1s coated. Silicone rubber 9 1s

in contact with a surface-part of a material.

[0077] FIG. 5 shows a fragmentary top plan view of
interdigital arrangement 8 connected with scanning unit 7.
Interdigital arrangement 8 has twenty electrode-finger pairs,
a finger-overlap length (L) of 5 mm, a finger width (W) of
57 um, and an interdigital periodicity (P) of 225 um.
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Interdigital arrangement 8 1s composed of first comb-shaped
clectrode 8A connected with amplifier 4 via scanning unit 7,
and second comb-shaped electrode 8B connected with signal
analyzer § 1n FIG. 4. Scanning unit 7 has twenty switches
corresponding to the electrode-fingers of first comb-shaped
clectrode 8A, respectively. The twenty switches of scanning
unit 7 form seventeen groups X, (i=1, 2, . . ., 17), of which
cach has four switches. In this way, one and the next of the
groups X, have three common switches each other except the
first switch of the one of the groups X. and the last switch of
the next of the groups X.. For example, the groups X, and
X5 have three common switches each other except the first
switch of the group X, and the last switch of the group X,.

[0078] In the ultrasound radiating and receiving device in
FIG. 4, 1f input electric signals are applied between counter
clectrode 3 and first comb-shaped electrode 8A via the
groups X, 1n turn, seventeen longitudinal waves are radiated
into the material 1n turn. In this way, the seventeen longi-
tudinal waves are radiated in the form of a scanned ultra-
sound beam as a whole mto the material through silicone
rubber 9. When the material 1s water, the ratio of the V_,
value to the V value 1s approximately 0.333, as mentioned
above. On the other hand, the ratio of the interdigital
periodicity (P) of interdigital arrangement 8 to the thickness
(T) of piezoelectric substrate 1, that is 225/500, is 0.45,
which 1s still smaller than four times the ratio of the V_, value
to the V value. Under such a condition of P/T<4V_/V, the
scanned ultrasound beam along the direction vertical to the
lower end surface of piezoelectric substrate 1 1s effectively
radiated into water through silicone rubber 9. In addition, the
directionality of the scanned ultrasound beam 1s sharper than
that of the longitudinal wave 1n FIG. 1. In other words, the
smaller value P/T than 4V_/V, the sharper directionality.

[0079] If the scanned ultrasound beam is reflected at the
opposite surface-part of the material, as shown 1n FI1G. 4, a
reflected ultrasound beam 1s detected between counter elec-
trode 3 and second comb-shaped electrode 8B as a scanned
electric signal, which 1s amplified via amplifier 4, as well as
detected at signal analyzer 5. An amplified electric signal 1s
supplied to first comb-shaped electrode 8A as the input
clectric signals again. Thus, supplying comb-shaped elec-
trode 8A with the input electric signals via amplifier 4 causes
a self-oscillation, and moreover causes the circuit construc-
fion simplified.

[0080] KIG. 6 shows a sectional view of an ultrasound
radiating and receiving device according to a fourth embodi-
ment of the present invention. The ultrasound radiating and
receiving device has the same construction as FI1G. 4 except
for the absence of amplifier 4 and the presence of signal
generator 6.

[0081] In the ultrasound radiating and receiving device in
FIG. 6, 1f mnput electric signals from signal generator 6 are
applied between counter electrode 3 and first comb-shaped
clectrode 8A via the groups X. 1 turn, seventeen longitu-
dinal waves are radiated into the material in turn. In this way,
the seventeen longitudinal waves are radiated 1n the form of
a scanned ultrasound beam as a whole 1nto the material
through silicone rubber 9. If the scanned ultrasound beam 1s
reflected at the opposite surface-part of the material, as
shown 1n FIG. 6, a reflected ultrasound beam 1s detected as
a scanned electric signal between counter electrode 3 and
second comb-shaped electrode 8B. Then, the scanned elec-
tric signal arrives at signal analyzer 5.
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[0082] FIG. 7 shows a relationship between the relative
amplitude and the radiation angle of one of the seventeen
longitudinal waves 1nto water from the ultrasound radiation
device 1n FI1G. 4. It secems that there exists only the main
lobe, because any grating lobe 1s suppressed. As a result, the
use of interdigital arrangement 8 enables only a vertical
radiation to the lower end surface of piezoelectric substrate
1 into water. Thus, the longitudinal waves are effectively
radiated into, for example, a cellular tissue through a skin,
along a vertical direction to the lower end surface of
piezoelectric substrate 1.

10083] FIG. 8 shows a top plan view of the finger overlap-
zone of interdigital arrangement 2.

[0084] FIG. 9 shows a top plan view of the finger overlap-
zone of mterdigital arrangement 8. The finger overlap-zone
of interdigital arrangement 8 and that of interdigital arrange-
ment 2 are the same 1n size. In addition, the total amount of
all the finger-areas of comb-shaped electrode 8A 1s the same
as that of comb-shaped electrode 2A.

[0085] A comparison between FIGS. 8 and 9 indicates
that interdigital arrangement 8 and interdigital arrangement
2 are different from each other with respect to the number of
electrode-finger pairs, the finger width (W), and the inter-
digital periodicity (P). Actually, the number of electrode-
pairs 1n 1nterdigital arrangement 8 1s 45 times that 1n inter-
digital arrangement 2. At the same time, the interdigital
periodicity (P) of interdigital arrangement 8 1s approxi-
mately % times that of interdigital arrangement 2, and the
finger width (W) of interdigital arrangement 8 is also %
times that of interdigital arrangement 2. It 1s recognized that
the use of interdigital arrangement 8 causes a sharper
directionality of the longitudinal wave than interdigital
arrangement 2. This means that increasing the number of
clectrode-finger pairs suppresses the grating lobes still more
under a condition that the total amount of all the finger-areas
of the first comb-shaped electrode 1s constant. As a resullt,
the number of electrode-finger pairs has influence on the
directionality of the longitudinal wave 1nto a material under
the condition that the total amount of all the finger-areas of
the first comb-shaped electrode 1s constant.

[0086] FIG. 10 shows a sectional view of an ultrasound
radiating and receiving device according to a fifth embodi-
ment of the present invention. The ultrasound radiating and
rece1ving device has the same construction as FI1G. 4 except
for the absence of scanning unit 7, and the presence of first
scanning unit 10 and second scanning unit 11.

[0087] FIG. 11 shows fragmentary a top plan view of
interdigital arrangement 8 connected with first scanning unit
10 and second scanning unit 11. First comb-shaped electrode
8A 1s connected with amplifier 4 via first scanning unit 10,
and second comb-shaped electrode 8B 1s connected with
signal analyzer 5 via second scanning unit 11 in FIG. 10.
First scanning unit 10 has twenty switches corresponding to
the electrode-fingers of first comb-shaped electrode 8A,
respectively. In the same way, second scanning unit 11 has
twenty switches corresponding to the electrode-fingers of
second comb-shaped electrode 8B, respectively. The twenty
switches of first scanning unit 10 form seventeen groups X,
(i=1, 2, . . ., 17), of which each has four switches. In this
way, one and the next of the groups X. have three common
switches each other except the first switch of the one of the
oroups X; and the last switch of the next of the groups X.. In
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the same way, the twenty switches of second scanning unit
11 form seventeen groups Y; (i=1, 2, . . ., 17) under a
condition that each of the groups Y; has four switches. In this
time, one and the next of the groups Y, have three common
switches each other except the first switch of the one of the
groups Y. and the last switch of the next of the groups Y..

[0088] In the ultrasound radiating and receiving device in
FIG. 10, if input electric signals are applied between counter
clectrode 3 and first comb-shaped electrode 8A via the
oroups X; ol first scanning unit 10 1n turn, seventeen lon-
oitudinal waves are radiated in the form of a scanned
ultrasound beam as a whole 1nto the material through
silicone rubber 9. When the material 1s water, the scanned
ultrasound beam along the direction vertical to the lower end
surface of piezoelectric substrate 1 1s effectively radiated

into water through silicone rubber 9 under the condition of
P/T<4V_/V.

[0089] If the seventeen longitudinal waves are reflected at
the opposite surface-part of the material, as shown in FIG.
10, seventeen retlected longitudinal waves are detected as
delayed electric signals between counter electrode 3 and
second comb-shaped electrode 8B by means of the groups Y,
in turn. In other words, a scanned electric signal 1s detected
as a whole between counter electrode 3 and second comb-
shaped electrode 8B by means of the groups Y, of second
scanning unit 11. The scanned electric signal 1s amplified via
amplifier 4, as well as detected at signal analyzer 5. An
amplified electric signal 1s supplied to first comb-shaped
clectrode 8A as the iput electric signals again. Thus,
supplying comb-shaped electrode 8A with the 1nput electric
signals via amplifier 4 causes a self-oscillation, and more-
over causes the circuit construction simplified.

10090] FIG. 12 shows a sectional view of an ultrasound
radiating and receiving device according to a sixth embodi-
ment of the present invention. The ultrasound radiating and
receiving device has the same construction as FIG. 10
except for the absence of amplifier 4 and the presence of
signal generator 6.

[0091] In the ultrasound radiating and receiving device in
FIG. 12, 1f mnput electric signals from signal generator 6 are
applied between counter electrode 3 and first comb-shaped
clectrode 8A via the groups X, of first scanning unit 10 1
turn, seventeen longitudinal waves are radiated in the form
of a scanned ultrasound beam as a whole mto the material
through silicone rubber 9. If the scanned ultrasound beam 1s
reflected at the opposite surface-part of the material, as
shown 1 FIG. 12, a scanned eclectric signal 1s detected
between counter electrode 3 and second comb-shaped elec-
trode 8B by means of the groups Y, of second scanning unit
11, and then the scanned electric signal arrives at signal
analyzer 5.

10092] FIG. 13 shows a sectional view of an ultrasound
radiating and receiving device according to a seventh
embodiment of the present invention. The ultrasound radi-
ating and receiving device comprises counter electrode 3,
amplifier 4, signal analyzer 35, silicone rubber 9, first piezo-
clectric substrate 12, first interdigital arrangement 13 of two
comb-shaped electrodes (13A and 13B), second piezoelec-
tric substrate 14, and second interdigital arrangement 15 of
two comb-shaped electrodes (15A and 15B). First interdigi-
tal arrangement 13, made of an aluminum thin film, is
formed on a lower end surface of first piczoelectric substrate
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12. Second interdigital arrangement 15, made of an alumi-
num thin film, 1s formed on an upper end surface of second
piezoelectric substrate 14. Counter electrode 3 1s cemented
between first piezoelectric substrate 12 and second piezo-
electric substrate 14, which are made of the same materials
as piezoelectric substrate 1, and have the same sizes as
piezoelectric substrate 1. The lower end surface of first
interdigital arrangement 13 1s coated with silicone rubber 9,
which 1s 1n contact with a surface-part of a materal.

10093] FIG. 14 shows a schematic illustration of first
interdigital arrangement 13 composed of first comb-shaped
clectrode 13A and second comb-shaped electrode 13B, and
second 1nterdigital arrangement 15 composed of first comb-
shaped electrode 15A and second comb-shaped electrode
15B 1n the ultrasound radiating and receiving device m FIG.
13. The finger direction of first interdigital arrangement 13
1s orthogonal to that of second interdigital arrangement 135.
First interdigital arrangement 13 has twenty electrode-finger
pairs, a finger-overlap length (L) of 5 mm, and an interdigital
periodicity (P) of 225 um. First comb-shaped electrode 13A
has a finger width (W ,) of 45 um, and second comb-shaped
electrode 13B has a finger width (W) of 12 um. Second
interdigital arrangement 15 has the same construction pat-
tern as first interdigital arrangement 13 except that first
comb-shaped electrode 15A has a finger width (W) of 12

um, and second comb-shaped electrode 15B has a finger
width (W) of 45 um.

10094 In the ultrasound radiating and receiving device in
FIG. 13, if an 1nput electric signal 1s applied between first
comb-shaped electrode 13A and counter electrode 3, a
longitudinal wave along the direction vertical to the lower
end surface of first piezoelectric substrate 12 1s radiated into
the material through silicone rubber 9. When the material 1s
water, the condition of P/T<4V_/V enables a radiation of the
longitudinal wave along the direction vertical to the lower
end surface of first piezoelectric substrate 12 mto water. In
addition, a condition of W /W 1n first interdigital arrange-
ment 13 makes the directionality of the longitudinal wave
sharper.

[0095] If the longitudinal wave is reflected at an object
located 1nside the material, as shown 1n FIG. 13, a retlected
longitudinal wave 1s detected between second comb-shaped
clectrode 15B and counter electrode 3 as a delayed electric
signal. In this time, the directionality of the retlected longi-
tudinal wave 1s still sharper than that of the longitudinal
wave radiated 1nto the material, because the finger direction
of first interdigital arrangement 13 1s orthogonal to that of
second 1nterdigital arrangement 135.

[0096] The delayed electric signal detected between sec-
ond comb-shaped electrode 15B and counter electrode 3 1s
amplified via amplifier 4, as well as detected at signal
analyzer 5. An amplified electric signal 1s supplied to first
comb-shaped electrode 13A as the input electric signal
again. Thus, first comb-shaped electrode 13A, amplifier 4,
and second comb-shaped electrode 15B form a self-oscilla-
tion type of delay-line oscillator.

[10097] FIG. 15 shows a sectional view of an ultrasound
radiating and receiwving device according to an eighth
embodiment of the present invention. The ultrasound radi-
ating and receiving device has the same construction as FI1G.
13 except for the absence of amplifier 4 and the presence of
signal generator 6.
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[0098] In the ultrasound radiating and receiving device in
FIG. 15, if an input electric signal from signal generator 6
1s applied between first comb-shaped electrode 13A and
counter electrode 3, a longitudinal wave along the direction
vertical to the lower end surface of first piezoelectric sub-
strate 12 1s radiated into the material through silicone rubber
9. If the longitudinal wave 1s reflected at an object located
inside the material, as shown 1in FI1G. 15, a reflected longi-
tudinal wave 1s detected between second comb-shaped elec-
trode 15B and counter electrode 3 as a delayed electric
signal, which arrives at signal analyzer 5.

10099] FIG. 16 shows a sectional view of an ultrasound
radiating and receiving device according to a ninth embodi-
ment of the present invention. The ultrasound radiating and
receiving device has the same construction as FIG. 13
except for the presence of first scanning unit 10 and second
scanning unit 11.

10100] FIG. 17 shows a schematic illustration of first

interdigital arrangement 13 connected with first scanning
unit 10, and second interdigital arrangement 15 connected
with second scanning unit 11. First interdigital arrangement
13 1s connected with amplifier 4 via first scanning unit 10,
and second interdigital arrangement 15 1s connected with
signal analyzer 5 via second scanning unit 11 1n FIG. 16.
The electrode-fingers of first comb-shaped electrode 13A
correspond with the twenty switches of first scanning unit
10, respectively. In the same way, the electrode-fingers of
second comb-shaped electrode 15B correspond with the
twenty switches of second scanning unit 11, respectively.
The twenty switches of first scanning unit 10 form seventeen
groups X; (i=1, 2, . .., 17), of which each has four switches.
In this way, one and the next of the groups X. have three
common switches each other except the first switch of the
one of the groups X. and the last switch of the next of the
ogroups X.. On the other hand, the twenty switches of second
scanning unit 11 form eighteen groups Y, (1=1, 2, . . ., 18)
under a condition that each of the groups Y, has three
switches. In this time, one and the next of the groups Y. have
two common switches each other except the first switch of
the one of the groups Y. and the last switch of the next of the
groups Y..

[0101] In the ultrasound radiating and receiving device in
FIG. 16, 1f input electric signals are applied between counter
clectrode 3 and first comb-shaped electrode 13A via the
groups X; 1n turn, seventeen longitudinal waves along the
direction vertical to the lower end surface of first piezoelec-
tric substrate 12 are radiated into the material 1n turn. In this
way, the seventeen longitudinal waves are radiated in the
form of a scanned ultrasound beam as a whole mto the
material through silicone rubber 9. When the material is
water, the condition of P/T<4V_/V enables a radiation of the
scanned ultrasound beam along the direction vertical to the
lower end surface of first piezoelectric substrate 12 into
water.

10102] If the scanned ultrasound beam 1s reflected at an
object located inside the material, as shown 1n FIG. 16, a
reflected and scanned ultrasound beam 1s detected as a
scanned electric signal between counter electrode 3 and
second comb-shaped electrode 15B by means of each of the
ogroups Y.. In other words, eighteen reflected and scanned
ultrasound beams are detected as eighteen scanned electric
signals between counter electrode 3 and second comb-
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shaped electrode 15B by means of the eighteen groups Y; in
turn. As a result, the upper-surface shape of the object is

imaged from the scanned electric signals at signal analyzer
5.

[0103] On the other hand, the scanned electric signals are
amplified via amplifier 4, as well as detected at signal
analyzer 5. Thus, amplified electric signals are supplied to
first comb-shaped electrode 13 A as the mput electric signals
again. As a result, first comb-shaped electrode 13A, ampli-
fier 4, and second comb-shaped electrode 15B form a
self-oscillation type of delay-line oscillator.

10104] FIG. 18 shows a sectional view of an ultrasound
radiating and receiving device according to a tenth embodi-
ment of the present invention. The ultrasound radiating and
receiving device has the same construction as FIG. 16
except for the absence of amplifier 4 and the presence of
signal generator 6.

[0105] In the ultrasound radiating and receiving device in
FIG. 18, if input electric signals from signal generator 6 are
applied between counter electrode 3 and first comb-shaped
clectrode 13A via the groups X. in turn, seventeen longitu-
dinal waves along the direction vertical to the lower end
surface of first piezoelectric substrate 12 are radiated into the
material 1n turn. In this way, the seventeen longitudinal
waves are radiated 1in the form of a scanned ultrasound beam
as a whole 1nto the material through silicone rubber 9. If the
scanned ultrasound beam 1s reflected at an object located
inside the material, as shown 1n FIG. 18, a reflected and
scanned ultrasound beam 1s detected as a scanned electric
signal between counter electrode 3 and second comb-shaped
clectrode 15B by means of each of the groups Y;. In other
words, eighteen reflected and scanned ultrasound beams are
detected as eighteen scanned celectric signals between
counter electrode 3 and second comb-shaped electrode 15B
by means of the eighteen groups Y. in turn. And then, the
scanned electric signals arrive at signal analyzer 5. As a
result, the upper-surface shape of the object 1s imaged from
the scanned electric signals.

10106] FIG. 19 shows a sectional view of an ultrasound
radiating and receiving device according to an eleventh
embodiment of the present invention. The ultrasound radi-
ating and receiving device has the same construction as FI1G.
13 except for the presence of first comb-shaped electrode 16
and second comb-shaped electrode 17 1n place of first
interdigital arrangement 13 and second interdigital arrange-
ment 15, respectively.

10107] FIG. 20 shows a schematic illustration of first
comb-shaped electrode 16 and second comb-shaped elec-
trode 17. First comb-shaped electrode 16 has forty electrode-
fingers, a finger-overlap length (L) of 5 mm, a finger width
(W) of 175 um, and an interdigital periodicity (P) of 225 ym.
Second comb-shaped electrode 17 has the same construction
pattern as first comb-shaped electrode 16, of which the
finger direction 1s orthogonal to that of second comb-shaped
clectrode 17.

[0108] In the ultrasound radiating and receiving device in
FIG. 19, if an mnput electric signal 1s applied between {first
comb-shaped electrode 16 and counter electrode 3, a longi-
tudinal wave along the direction vertical to the lower end
surface of first piezoelectric substrate 12 1s radiated into the
material through silicone rubber 9. When the material 1s
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water, the condition of P/T<4V_/V enables a radiation of the
longitudinal wave along the direction vertical to the lower
end surface of first piezoelectric substrate 12 into water.

10109] If the longitudinal wave is reflected at an object
located 1nside the material, as shown 1n FIG. 19, a reflected
longitudinal wave 1s detected between second comb-shaped
clectrode 17 and counter electrode 3 as a delayed electric
signal. In this time, the directionality of the reflected longi-
tudinal wave 1s still sharper than that of the longitudinal
wave radiated into the material, because the finger direction
of first comb-shaped electrode 16 is orthogonal to that of
second comb-shaped electrode 17. In addition, first comb-
shaped electrode 16, amplifier 4, and second comb-shaped
clectrode 17 form a self-oscillation type of delay-line oscil-
lator.

10110] FIG. 21 shows a sectional view of an ultrasound
radiating and receiving device according to a twellth
embodiment of the present invention. The ultrasound radi-
ating and receiving device has the same construction as FI1G.
19 except for the absence of amplifier 4 and the presence of
signal generator 6.

[0111] In the ultrasound radiating and receiving device in
FIG. 21, 1if an 1nput electric signal from signal generator 6
1s applied between first comb-shaped electrode 16 and
counter electrode 3, a longitudinal wave along the direction
vertical to the lower end surface of first piezoelectric sub-
strate 12 1s radiated 1nto the material through silicone rubber
9. If the longitudinal wave 1s reflected at an object located
inside the material, as shown 1n FI1G. 21, a reflected longi-
tudinal wave 1s detected between second comb-shaped elec-
trode 17 and counter electrode 3 as a delayed electric signal,
which arrives at signal analyzer 5.

10112] FIG. 22 shows a sectional view of an ultrasound
radiating and receiving device according to a thirteenth
embodiment of the present invention. The ultrasound radi-
ating and receiving device has the same construction as FI1G.
19 except for the presence of first scanning unit 18 and
second scanning unit 19.

10113] FIG. 23 shows a schematic illustration of first
comb-shaped electrode 16 connected with first scanning unit
18, and second comb-shaped electrode 17 connected with
second scanning unit 19. First comb-shaped electrode 16 1s
connected with amplifier 4 via first scanning unit 18, and
second comb-shaped electrode 17 1s connected with signal
analyzer § via second scanning unit 19 1 FIG. 22. First
scanning unit 18 has forty switches corresponding to the
clectrode-fingers of first comb-shaped electrode 16, respec-
fively. In the same way, second scanning unit 19 has forty
switches corresponding to the electrode-fingers of second
comb-shaped electrode 17, respectively. The forty switches
of first scanning unit 18 form thirty-five groups X, (i=1, 2,
..., 35), of which each has six switches. In this way, one
and the next of the groups X. have five common switches
cach other except the first switch of the one of the groups X,
and the last switch of the next of the groups X.. On the other
hand, the forty switches of second scanning unit 19 form
thirty-seven groups Y, (i=1, 2, . . ., 37) under a condition that
each of the groups Y. has four switches. In this time, one and
the next of the groups Y, have three common switches each
other except the first switch of the one of the groups Y. and
the last switch of the next of the groups Y..

0114] In the ultrasound radiating and receiving device in
FIG. 22, if mnput electric signals are applied between counter
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clectrode 3 and first comb-shaped electrode 16 via the
oroups X 1n turn, thirty-five longitudinal waves along the
direction vertical to the lower end surface of first piezoelec-
tric substrate 12 are radiated into the material in turn. In this
way, the thirty-five longitudinal waves are radiated in the
form of a scanned ultrasound beam as a whole into the
material through silicone rubber 9. When the material 1s
water, the condition of P/T<4V_/V enables a radiation of the
scanned ultrasound beam along the direction vertical to the
lower end surface of first piezoelectric substrate 12 into
walter.

[0115] If the scanned ultrasound beam is reflected at an
object located inside the material, as shown in FIG. 22, a
reflected and scanned ultrasound beam 1s detected as a
scanned electric signal between counter electrode 3 and
second comb-shaped electrode 17 by means of each of the
ogroups Y .. In other words, thirty-seven reflected and scanned
ultrasound beams are detected as thirty-seven scanned elec-
tric signals between counter electrode 3 and second comb-
shaped electrode 17 by means of the thirty-seven groups Y,
in turn. As a result, the upper-surface shape of the object is
imaged from the scanned electric signals at signal analyzer

S.

[0116] On the other hand, the scanned e¢lectric signals are
amplified via amplifier 4, as well as detected at signal
analyzer 5. Thus, amplified electric signals are supplied to
first comb-shaped electrode 16 as the mput electric signals
again. As a result, first comb-shaped electrode 16, amplifier
4, and second comb-shaped electrode 17 form a self-oscil-
lation type of delay-line oscillator.

10117] FIG. 24 shows a sectional view of an ultrasound
radiating and receiving device according to a fourteenth
embodiment of the present invention. The ultrasound radi-
ating and receiving device has the same construction as FI1G.
22 except for the absence of amplifier 4 and the presence of
signal generator 6.

|0118] In the ultrasound radiating and receiving device in
FIG. 24, 11 mnput electric signals from signal generator 6 are
applied between counter electrode 3 and first comb-shaped
electrode 16 via the groups X, in turn, thirty-five longitudinal
waves along the direction vertical to the lower end surface
of first piezoelectric substrate 12 are radiated into the
material 1n turn. In this way, the thirty-five longitudinal
waves are radiated 1n the form of a scanned ultrasound beam
as a whole 1nto the material through silicone rubber 9. If the
scanned ultrasound beam 1s reflected at an object located
inside the material, as shown in FIG. 24, a reflected and
scanned ultrasound beam 1s detected as a scanned electric
signal between counter electrode 3 and second comb-shaped
clectrode 17 by means of each of the groups Y.. In other
words, thirty-seven reflected and scanned ultrasound beams
are detected as thirty-seven scanned electric signals between
counter electrode 3 and second comb-shaped electrode 17 by
means of the thirty-seven groups Y, in turn. And then, the
scanned electric signals arrive at signal analyzer 5. As a
result, the upper-surface shape of the object 1s 1imaged from
the scanned electric signals.

[0119] While this invention has been described in connec-
tion with what 1s presently considered to be the most
practical and preferred embodiment, it 1s to be understood
that the invention 1s not limited to the disclosed embodi-

ment, but, on the contrary, 1s intended to cover various
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modifications and equivalent arrangements included within
the spirit and scope of the appended claims.

What 1s claimed 1s:
1. An ultrasound radiating and receiving device compris-
ng:

a piezoelectric substrate;

a first comb-shaped electrode formed on an upper end
surface of said piezoelectric substrate;

a second comb-shaped electrode formed on said upper
end surface of said piezoelectric substrate; and

a counter electrode formed on a lower end surface of said
piezoelectric substrate and 1n contact with a surface-
part of a material through the lower end surface of said
counter electrode,

said first- and second comb-shaped electrodes forming
an 1nterdigital arrangement,

said first comb-shaped electrode and said counter elec-
trode receiving an input electric signal, radiating a
longitudinal wave into said material through said
surface-part of said material along the direction
vertical to said lower end surface of said piezoelec-
tric substrate, and making an object located inside
said material reflect said longitudinal wave back,

said second comb-shaped electrode and said counter
clectrode detecting a reflected longitudinal wave as a
delayed electric signal.
2. An ultrasound radiating and receiving device as defined
in claim 1 further comprising an amplifier between said first-
and second comb-shaped electrodes,

said amplifier amplifying said delayed electric signal, and
supplying said first comb-shaped electrode with an
amplified electric signal as said 1nput electric signal.

3. An ultrasound radiating and receiving device as defined
in claim 1, wherein the opposite surface-part of said material
acts as said object.

4. An ultrasound radiating and receiving device as defined
in claim 1, wherein the ratio of the interdigital periodicity of
said 1nterdigital arrangement to the thickness of said piezo-
clectric substrate 1s smaller than four times the ratio of the
longitudinal wave velocity 1n said material to the longitu-
dinal wave velocity 1n said piezoelectric substrate.

5. An ultrasound radiating and receiving device as defined
in claim 1, wherein increasing the number of electrode-
finger pairs 1n said interdigital arrangement makes the
directionality of said longitudinal wave sharper under a
condition that the total amount of all the finger-areas of said
first comb-shaped electrode 1s constant.

6. An ultrasound radiating and receiving device as defined
in claim 1, wherein said material 1s a liquid matter.

7. An ultrasound radiating and receiving device as defined
in claim 1, wherein said material 1s a cellular tissue.

8. An ultrasound radiating and receiving device as defined
in claim 1 further comprising a polymer film, with which
said lower end surface of said counter electrode i1s coated.

9. An ultrasound radiating and receiving device as defined
in claim 1 further comprising:

a scanning unit composed of groups X; (i=1, 2, ..., n) of
switches corresponding to the electrode-fingers of said
first comb-shaped electrode, respectively, one and the
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next of said groups X, having common switches each
other except the first switch of said one of said groups
X. and the last switch of said next of said groups X,

said first comb-shaped electrode and said counter elec-
trode receiving input electric signals via said groups
X. 1n turn, and radiating longitudinal waves along the
direction vertical to said lower end surface of said
piezoelectric substrate 1nto said material 1n the form
of a scanned ultrasound beam as a whole, and then
making said object reflect said longitudinal waves

back,

said second comb-shaped electrode and said counter
clectrode detecting a reflected ultrasound beam as a
scanned electric signal.
10. An ultrasound radiating and receiving device as
defined 1n claim 1 further comprising:

a first scanning unit composed of groups X. (i=1, 2, . . .,
n) of switches corresponding to the electrode-fingers of
said first comb-shaped electrode, respectively, one and
the next of said groups X. having common switches
cach other except the first switch of said one of said
ogroups X; and the last switch of said next of said groups

X., and

a second scanning unit composed of groups Y (i=1, 2, .
., n) of switches corresponding to the electrode-
fingers of said second comb-shaped electrode, respec-
tively, one and the next of said groups Y; having
common switches each other except the first switch of
said one of said groups Y. and the last switch of said
next of said groups Y,,

said first comb-shaped electrode, together with said
counter electrode, recerving mnput electric signals via
said groups X. 1n turn, and radiating longitudinal
waves along the direction vertical to said lower end
surface of said piezoelectric substrate into said mate-
rial in the form of a scanned ultrasound beam as a
whole, and then making said object reflect said
longitudinal waves back,

said second comb-shaped electrode, together with said
counter electrode, detecting reflected longitudinal
waves by means of said groups Y. in turn 1n the form
of a scanned electric signal as a whole.
11. An ultrasound radiating and receiving device com-
prising:

a first piezoelectric substrate;

a first interdigital arrangement of two comb-shaped elec-
trodes formed on a lower end surface of said first
piezoelectric substrate, a lower end surface of said first
interdigital arrangement being 1n contact with a sur-
face-part of a material;

a second piezoelectric substrate;

a second interdigital arrangement of two comb-shaped
clectrodes formed on an upper end surface of said
second piezoelectric substrate; and

a counter electrode cemented between said first- and
second piezoelectric substrates,

one of said two comb-shaped clectrodes 1n said first
interdigital arrangement and said counter electrode
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receiving an input electric signal, radiating a longi-
tudinal wave 1nto said material through said surface-
part of said material along the direction vertical to
said lower end surface of said first piezoelectric
substrate, and making an object located 1nside said
material reflect said longitudinal wave back,

one of said two comb-shaped electrodes 1n said second
interdigital arrangement and said counter electrode
detecting a reflected longitudinal wave as a delayed
clectric signal.

12. An ultrasound radiating and receiving device as
defined 1n claim 11, wheremn the finger direction of said
second mterdigital arrangement 1s orthogonal to that of said
first interdigital arrangement.

13. An ultrasound radiating and receiving device as
defined 1n claim 11, wherein the opposite surtface-part of said
material acts as said object.

14. An ultrasound radiating and receiving device as
defined 1n claim 11, wherein the finger width 1n said one of
said two comb-shaped electrodes 1n said first interdigital
arrangement 1s wider than that in the other of said two
comb-shaped electrodes 1n said first interdigital arrange-
ment, and the finger width 1 said one of said two comb-
shaped electrodes 1n said second interdigital arrangement 1s
wider than that in the other of said two comb-shaped
electrodes 1n said second interdigital arrangement.

15. An ultrasound radiating and receiving device as
defined 1n claim 11, wherein the ratio of the interdigital
periodicity of said first interdigital arrangement to the thick-
ness of said first piezoelectric substrate 1s smaller than four
fimes the ratio of the longitudinal wave velocity 1n said
material to the longitudinal wave velocity in said first
piczoelectric substrate.

16. An ultrasound radiating and receiving device as
defined 1n claim 11, wherein increasing the number of
clectrode-finger pairs 1n said first interdigital arrangement
makes the directionality of said longitudinal wave sharper
under a condition that the total amount of all the finger-areas
of said one of said two comb-shaped electrodes 1n said first
interdigital arrangement 1s constant.

17. An ultrasound radiating and receiving device as
defined 1 claim 11, wherein said material 1s a liquid matter.

18. An ultrasound radiating and receiving device as
defined 1n claim 11, wherein said material 1s a cellular tissue.

19. An ultrasound radiating and receiving device as
defined in claim 11 further comprising a polymer film, with
which said lower end surface of said first interdigital
arrangement 1s coated.

20. An ultrasound radiating and receiving device as
defined 1n claim 11 further comprising:

a first scanning unit composed of groups X, (i=11, ..., n)
of switches corresponding to the electrode-fingers,
respectively, of said one of said two comb-shaped
clectrodes 1n said first interdigital arrangement, one and
the next of said groups X; having common switches
cach other except the first switch of said one of said
groups X. and the last switch of said next of said groups

X., and

a second scanning unit composed of groups Y, (1=11, . . .
, n) of switches corresponding to the electrode-fingers,
respectively, of said one of said two comb-shaped
clectrodes 1n said second interdigital arrangement, one
and the next of said groups Y having common switches
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cach other except the first switch of said one of said
ogroups Y; and the last switch of said next of said groups

Y.

1?

sald one of said two comb-shaped electrodes m said
first 1nterdigital arrangement, together with said
counter electrode, receiving mput electric signals via
said groups X. 1n turn, and radiating longitudinal
waves along the direction vertical to said lower end
surface of said first piezoelectric substrate 1nto said
material through said surface-part of said material 1n
the form of a scanned ultrasound beam as a whole,
and then making said object reflect said scanned
ultrasound beam back,

said one of said two comb-shaped electrodes 1n said
second interdigital arrangement, together with said
counter electrode, detecting reflected and scanned
ultrasound beams by means of said groups Y, in turn
as scanned electric signals, and 1maging the upper
surface-shape of said object from said scanned elec-

tric signals.
21. An ultrasound radiating and receiving device com-

Prising;:

a first piezoelectric substrate;

a first comb-shaped electrode formed on a lower end
surface of said first piezoelectric substrate, a lower end
surface of said first comb-shaped electrode being in
contact with a surface-part of a material;

a second piezoelectric substrate;

a second comb-shaped electrode formed on an upper end
surface of said second piezoelectric substrate; and

a counter electrode cemented between said first- and
second piezoelectric substrates,

said first comb-shaped electrode and said counter elec-
trode receiving an input electric signal, radiating a
longitudinal wave 1nto said material through said
surface-part of said material along the direction
vertical to said lower end surface of said first piezo-
clectric substrate, and making an object located

inside said material reflect said longitudinal wave
back,

said second comb-shaped electrode and said counter
clectrode detecting a reflected longitudinal wave as a
delayed electric signal.

22. An ultrasound radiating and receiving device as
defined 1n claim 21, wherein the finger direction of said
second comb-shaped electrode 1s orthogonal to that of said
first comb-shaped electrode.

23. An ultrasound radiating and receiving device as
defined 1 claam 21, wherein the opposite surface-part of
said material acts as said object.

24. An ultrasound radiating and receiving device as
defined 1n claim 21, wherein the ratio of the interdigital
periodicity of said first comb-shaped electrode to the thick-
ness of said first piezoelectric substrate 1s smaller than four
times the ratio of the longitudinal wave velocity 1n said
material to the longitudinal wave velocity 1n said first
piezoelectric substrate.

25. An ultrasound radiating and receiving device as
defined in claim 21, wherein increasing the number of
clectrode-finger pairs 1n said first comb-shaped electrode
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makes the directionality of said longitudinal wave sharper
under a condition that the total amount of all the finger-areas
of said first comb-shaped electrode 1s constant.

26. An ultrasound radiating and receiving device as
defined 1n claim 21, wherein said material 1s a liquid matter.

27. An ultrasound radiating and receiving device as
defined 1in claim 21, wherein said material 1s a cellular tissue.

28. An ultrasound radiating and receiving device as
defined 1n claim 21 further comprising a polymer film, with
which said lower end surface of said first comb-shaped
clectrode 1s coated.

29. An ultrasound radiating and receiwving device as
defined 1n claim 21 further comprising;:

a first scanning unit composed of groups X, (i=1, 2, . . .,
n) of switches corresponding to the electrode-fingers,
respectively, of said first comb-shaped electrode, one
and the next of said groups X, having common switches
cach other except the first switch of said one of said

groups X; and the last switch of said next of said groups
X., and

a second scanning unit composed of groups Y, (i=1, 2, .
., n) of switches corresponding to the electrode-
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fingers, respectively, of said second comb-shaped elec-
trode, one and the next of said groups Y, having
common switches each other except the first switch of
said one of said groups Y. and the last switch of said
next of said groups Y,

said first comb-shaped electrode and said counter elec-
trode receiving input electric signals via said groups
X. 1n turn, and radiating longitudinal waves along the
direction vertical to said lower end surface of said
first piezoelectric substrate 1nto said material through
sald surface-part of said material in the form of a

scanned ultrasound beam as a whole, and then mak-
ing said object reflect said scanned ultrasound beam

back,

said second comb-shaped electrode and said counter
clectrode detecting reflected and scanned ultrasound
beams by means of said groups Y. 1in turn as scanned
clectric signals, and 1imaging the upper surface-shape
of said object from said scanned electric signals.
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