US 20180235574A1

a9y United States

12 Patent Application Publication o) Pub. No.: US 2018/0235574 A1

MORIMOTO (43) Pub, Date: Aug, 23,2018
(54) ULTRASONIC ARRAY OSCILLATOR, Publication Classification
METHOD OF PRODUCING ULTRASONIC (51) Int. CL
ARRAY OSCILLATOR, ULTRASONIC A61B 8/00 (2006.01)
PROBE, AND ULTRASONIC DIAGNOSTIC BO6B 1/02 (2006.01)
APPARATUS B06B 1/06 (2006.01)
) i (52) US. CL
(71)  Applicant: SONY CORPORATION, TOKYO (IP) CPC ... AG1B 8/4455 (2013.01); A61B 8/4281
) (2013.01); BO6B 140622 (2013.01); B06B
(21) Appl. No.: 15/752,911 (57) ABSTRACT
) [Object] To provide an ultrasonic array oscillator, a method
(22) PCT Filed: Jun. 16, 2016 of producing an ultrasonic array oscillator, an ultrasonic
. probe, and an ultrasonic diagnostic apparatus having a high
(86) PCT No.: PCT/JP2016/002905 impedance matching effect and excellent productivity.
§ 371 (c)(1), [Solving Means] The ultrasonic array oscillator according to
(2) Date: Feb. 15, 2018 the present technology includes ultrasonic oscillators (130)
and semiconductor chips (140). The ultrasonic oscillators
(30) Foreign Application Priority Data (130) form an array. The semiconductor chips (140) are
bonded to the respective ultrasonic oscillators (130) to form
Sep. 7,2015  (JP) oo 2015-175699 impedance matching circuits.
126
1
\
ha N
%
1
)
: 15
{
f ; T
/ /
i f / /
LAV AN WAV R A AV A A A
WA AT A AT AV AV AV P AT A
s & P if AV AV IV
o a4 o st el
&7 LT LT LF 757




Patent Application Publication  Aug. 23,2018 Sheet 1 of 16 US 2018/0235574 Al

{ 15

£
LS

S
o,
S
34
7

f“/’ FAV AV AR A A A AV XAV AV AV AV AV,

&2 CAr VAV pAvA
&TFT LT LT LT L7 L7
L L7 7 L7 LF LF




Patent Application Publication  Aug. 23,2018 Sheet 2 of 16 US 2018/0235574 Al

121




Patent Application Publication  Aug. 23,2018 Sheet 3 of 16 US 2018/0235574 Al

120 120 120

s
>
L TN

131
~-132 +130
133

N

Y

N
77 140
& - 181
AL 152

N K\ \'\
153 152 151

FIG.3



Patent Application Publication  Aug. 23,2018 Sheet 4 of 16 US 2018/0235574 Al




Patent Application Publication  Aug. 23,2018 Sheet 5 of 16 US 2018/0235574 Al

FIG. 5(a) SN \ NS

FIG. 5(b) Z

133

.,
N

FIG. 5(c)

140 140 140



Patent Application Publication

FIG. B(a)

FIG. 6(b)

FIG. 8(c)

Aug. 23,2018 Sheet 6 of 16 US 2018/0235574 A1

D1

133

D2

o /w\\./

S D

.

5

~- 133

N
’\/&;.
3

b K

1324 ==

140

P
L]

140 140

- D1

3

T 133

140

A \
140 140



Patent Application Publication  Aug. 23,2018 Sheet 7 of 16 US 2018/0235574 Al

120 120 120

20 ‘,

N )
S

IN ‘ NN
132 { (RZZ aﬂf\vgjﬁggf

FIG. 7(a)

4133

FIG. 7{b) ! 3

”\«§3?}

~-132 » 130
133

140 {40 140

120

FIG. 7(c) 131X
1304132 2

:\ »g 33 /

140




Patent Application Publication  Aug. 23,2018 Sheet 8 of 16 US 2018/0235574 Al

120,120 120
) )

s

L

FIG. 8(2) vl /L -

,,__‘\\ \ \>< X
N, S — 122

o

FIG. 8(b)

127~ 1
FIG. 8(c) 7 N Ay H123




US 2018/0235574 Al

Aug. 23,2018 Sheet 9 of 16

Patent Application Publication

140 140

140

K

\\\ —~ 133

F1G. 9(a)

02

.

o D1
133

FiG. 8(b)

121

AN

::::::::::::::::::::::::::::
H i 3L IEE
5 € 7 » v € i
H g KEH HEH
$ € » * 1 £ €
< G b : Rt
£ - o R foow e S Comww v » o
======= pres [ prorisvis B veecrr il prtar
¢ RN AR :
¢ RN HEN R K
€ i 3 ¢ L3 ’ ¥
° 3 s < T » €
‘ : o b 4
............. BREE R I R 5
RN : ; H
HEH A HEN ‘
RN M Ee R D
R o HEE ‘
R « : «
s 3 oa e I Lo LA B R s 5 Sarmem mom ol danma s o
: : } |
‘ H : :
i3 > s i3 ¥
H 3 ; ‘
‘ H H :
T AL EV v 4 i Tt s {nmoina A 3w v s
; 1L ¢ ; 3
¥ e M € ? s
H 3k ¢ ; 3
H b : ; H
> AT ¢ f H
¥ v -3 e A f N 3imonem oo A
7 { ’ P,
Y p A
~
Lo e ¥
el &3
N e O

FIG.10



Patent Application Publication Aug. 23,2018 Sheet 10 of 16  US 2018/0235574 Al

124
120 120 (
'\ (/ ';2{3 ;"
d N
N F
\ i
\ i
} {
120 . X
L b | /
L
4 / ;.w
‘/\1%3%[ I
130 ‘\'\ 133" .
< 140”7
121
120L )
) N
12014 140" ; B

1301~

5,'340 N LA I
120H o AL

{ o 120H

(140
@2@a1ﬁ38£Jj

FIG.12



Patent Application Publication Aug. 23,2018 Sheet 11 of 16  US 2018/0235574 Al

120 120 j?QQ j‘ézi) 120
O

s rd J # s
~.-131 \5

rd !
/ /; _
~-132 » 130

/ 133

e

140A ™

1408~ 11|
1400

ST
———

aaaaaaaaaaa




Patent Application Publication Aug. 23,2018 Sheet 12 of 16  US 2018/0235574 Al

303 302

FIG.15

402 J

S

121

FIG.16



Patent Application Publication Aug. 23,2018 Sheet 13 of 16  US 2018/0235574 Al

7Y - \
T @ﬁ?g

i " ~ 163 }*gg*g
AT 164

i S N :
<L 165
§ . /

-

N 122




Patent Application Publication Aug. 23,2018 Sheet 14 of 16  US 2018/0235574 Al

160
161 161 (
/ )
BN
gl }
120 4
/ T
(\; \\’
161 161
FIG.18
120
)
120 161
1\ \)
w4 71




Patent Application Publication Aug. 23,2018 Sheet 15 0f 16  US 2018/0235574 Al

127 ~ 7"

4~ 172

73 171

A 1T4 |
. 1?5}

8 ] )
L
Mt A

- 122




Patent Application Publication Aug. 23,2018 Sheet 16 of 16  US 2018/0235574 Al

170
171 17H /
/ [
\ \
{ - j ) .
(L
120 4
NEY
\} \)
171 171
FIG.21
120
§
P ?26 /1?‘3
( {
W, ol
B
p A H




US 2018/0235574 Al

ULTRASONIC ARRAY OSCILLATOR,
METHOD OF PRODUCING ULTRASONIC
ARRAY OSCILLATOR, ULTRASONIC
PROBE, AND ULTRASONIC DIAGNOSTIC
APPARATUS

TECHNICAL FIELD

[0001] The present technology relates to an ultrasonic
array oscillator usable for ultrasonic imaging, a method of
producing an ultrasonic array oscillator, an ultrasonic probe,
and an ultrasonic diagnostic apparatus.

BACKGROUND ART

[0002] An ultrasonic diagnostic apparatus widely used in
a medical field and the like generates an ultrasonic image of
an object to be diagnosed by irradiating the object to be
diagnosed with ultrasonic waves by an ultrasonic probe and
by detecting the reflected waves by the ultrasonic probe. The
ultrasonic probe includes an array oscillator where a plural-
ity of ultrasonic oscillators are arranged, and can control a
convergent point of the ultrasonic waves by adjusting a
delay time of driving signals input to the respective ultra-
sonic oscillators and detection signals output from the
respective ultrasonic oscillators.

[0003] Examples of the array oscillator include a 1D array
including ultrasonic oscillators arranged linearly and a 2D
array including oscillators arranged on a plane. In order to
improve a resolution and an imaging speed, a larger number
of ultrasonic oscillators are mounted on one array oscillator.
Meanwhile, ultrasonic catheters and the like inserted into
blood vessels or the like are widely used. It is desirable to
downsize the ultrasonic probes. Accordingly, it is desirable
to densely mount the ultrasonic oscillators. Individual ultra-
sonic oscillators have smaller mounting areas.

[0004] Meanwhile, where the ultrasonic oscillators have
the smaller mounting areas, impedance is mismatched and a
detection sensitivity of the ultrasonic waves may be
degraded. As a countermeasure, an amplifier is used to
match the impedance. In general, an ASIC (application
specific integrated circuit) is used (for example, see Patent
Literature 1).

CITATION LIST

Patent Literature

[0005] Patent Literature 1: Japanese Patent Application
Laid-open No. 2006-166985

DISCLOSURE OF INVENTION

Technical Problem

[0006] However, the ASIC needs a certain size. If the
ASIC is mounted on each oscillator, it is difficult to secure
a space to be mounted. The ASIC can be mounted apart from
the oscillator. If a wiring line connecting the ASIC and the
oscillator is long, the impedance matching is less effective.
Moreover, the ASIC needs to be designed depending on the
structure of the array oscillator and it is thus difficult to
decrease production costs.

[0007] The present technology is made in view of the
above-mentioned circumstances, and it is an object of the
present technology to provide an ultrasonic array oscillator,
a method of producing an ultrasonic array oscillator, an
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ultrasonic probe, and an ultrasonic diagnostic apparatus
having a high impedance matching effect and excellent
productivity.

Solution to Problem

[0008] In order to achieve the object, an ultrasonic array
oscillator according to an embodiment of the present tech-
nology includes ultrasonic oscillators and semiconductor
chips. The ultrasonic oscillators form an array. The semi-
conductor chips are bonded to the respective ultrasonic
oscillators that form impedance matching circuits.

[0009] With this configuration, each ultrasonic oscillator
and each impedance matching circuit are formed integrally,
a wiring line length between the both may be short. A high
impedance matching effect can be provided, an SNR (signal-
noise ratio) can be improved, and the contrast of the ultra-
sonic image can be improved. In addition, when modules
(hereinafter referred to as oscillator module) where each
ultrasonic oscillator and each impedance matching circuit
are formed integrally is mounted to a substrate, the modules
are arranged with a high degree of freedom. Arraying and
arranging the ultrasonic oscillators having different frequen-
cies are easily optimized. Further, the oscillator modules
having specific structures can be arrayed in any shapes and
can correspond to a variety of apparatuses. It is possible to
reuse the oscillator modules in various apparatuses. [n a case
where the ultrasonic oscillator has a footprint greater than
that of a semiconductor chip, the same semiconductor chip
can be used for any ultrasonic oscillators having any sizes.
[0010] Each of the impedance matching circuits may
include an amplifier and a TR (transmit-receive) switch.
[0011] Drive signals for generating the ultrasonic waves
and detection signals generated by the detection of the
ultrasonic waves flow to the ultrasonic oscillators. The drive
signals have signal strengths greatly different from those of
the detection signals. With this configuration, only the
detection signals can be amplified by switching signal paths
by the TR switches and impedance matching circuits can be
formed.

[0012] Each of the semiconductor chips may include a first
semiconductor chip including the amplifier and a second
semiconductor chip including the TR switch.

[0013] By forming the impedance matching circuits with
a plurality of semiconductor chips, the size of the semicon-
ductor chip can be reduced and it is possible to mount the
impedance matching circuits to the ultrasonic oscillators
having small sizes.

[0014] Each of the semiconductor chips may be an SOI
(Silicon on Insulator) chip.

[0015] The SOI chip has advantages of a small size, a less
leakage current, and the like, and is suitable as the semi-
conductor chip bonded to the ultrasonic oscillators.

[0016] The ultrasonic oscillators may include first ultra-
sonic oscillators each having a first frequency as a center
frequency of oscillation and second ultrasonic oscillators
each having a second frequency different from the first
frequency as a center frequency of oscillation.

[0017] The oscillation frequencies of the ultrasonic oscil-
lators depend on the thickness of the piezoelectric layer. By
forming integrally the ultrasonic oscillators and the imped-
ance matching circuits, the ultrasonic oscillators having
greatly different oscillation frequencies can be arranged with
a high degree of freedom.
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[0018] Theultrasonic array oscillators may further include
MEMS (Micro Electro Mechanical Systems). The MEMS
and the ultrasonic oscillators form the array.

[0019] By arraying the ultrasonic oscillators and the
MEMS, the ultrasonic waves can be generated by using the
ultrasonic oscillators having great ultrasonic strength, and
the reflected waves can be detected by using the MEMS
module having high sensitivity. Thus, it is possible to
improve a detection sensitivity.

[0020] Theultrasonic array oscillator may further includes
optical devices, the optical devices and the ultrasonic oscil-
lators forming the array.

[0021] By arraying the ultrasonic oscillators and the opti-
cal devices, it is possible to perform light ultrasonic imaging
with a single ultrasonic probe. The ultrasonic imaging
detects the ultrasonic waves generated by the light irradiated
from the optical devices.

[0022] In order to achieve the object, a method of pro-
ducing an ultrasonic array oscillator according to an embodi-
ment of the present technology includes mounting ultrasonic
oscillators, to which semiconductor chips that form imped-
ance matching circuits are bonded, by using a pick-and-
place method.

[0023] The ultrasonic oscillators may include first ultra-
sonic oscillators each having a first frequency as a center
frequency of oscillation and second ultrasonic oscillators
each having a second frequency different from the first
frequency as a center frequency of oscillation.

[0024] In the method of producing the ultrasonic array
oscillator, the mounting step includes mounting the ultra-
sonic oscillators and the MEMS by using the pick-and-place
method.

[0025] In the method of producing the ultrasonic array
oscillator, the mounting step includes mounting the uvltra-
sonic oscillators and optical devices by using the pick-and-
place method.

[0026] In order to achieve the object, an ultrasonic probe
according to an embodiment of the present technology
includes an ultrasonic array oscillator.

[0027] The ultrasonic array oscillator includes ultrasonic
oscillators that form an array, and semiconductor chips
bonded to respective of the ultrasonic oscillators that form
impedance matching circuits.

[0028] In order to achieve the object, an ultrasonic diag-
nostic apparatus according to an embodiment of the present
technology includes an ultrasonic probe and a main body.

[0029] The ultrasonic probe includes an ultrasonic array
oscillator, the ultrasonic array oscillator including ultrasonic
oscillators that form an array, and semiconductor chips
bonded to respective of the ultrasonic oscillators that form
impedance matching circuits

[0030] The main body to which the ultrasonic probe is
connected, the main body supplying the ultrasonic array
oscillator with a drive signal and generating an ultrasonic
image on the basis of a detection signal output from the
ultrasonic array oscillator.

Advantageous Effects of Invention

[0031] As described above, the present technology can
provide an ultrasonic array oscillator, a method of producing
an ultrasonic array oscillator, an ultrasonic probe, and an
ultrasonic diagnostic apparatus having a high impedance
matching effect and excellent productivity. It should be
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noted that the effects described here are not necessarily
limitative and may be any of effects described in the present
disclosure.

BRIEF DESCRIPTION OF DRAWINGS

[0032] FIG. 11is a schematic view showing a configuration
of an ultrasonic diagnostic apparatus according to this
embodiment.

[0033] FIG. 2 is a cross-sectional view showing the struc-
ture of an ultrasonic array oscillator included in the ultra-
sonic diagnostic apparatus.

[0034] FIG. 3 is a perspective view showing the oscillator
modules included in the ultrasonic array oscillator.

[0035] FIG. 4 is a schematic view showing a circuit
configuration of the oscillator modules included in the
ultrasonic array oscillator.

[0036] FIG. 5 is a schematic view showing a method of
producing the ultrasonic array oscillator.

[0037] FIG. 6 is a schematic view showing a method of
producing the ultrasonic array oscillator.

[0038] FIG. 7 is a schematic view showing a method of
producing the ultrasonic array oscillator.

[0039] FIG. 8 is a schematic view showing a method of
producing the ultrasonic array oscillator.

[0040] FIG. 9 is a schematic view showing a method of
producing the ultrasonic array oscillator.

[0041] FIG. 10 is a schematic view showing an arrange-
ment of the oscillator modules included in the ultrasonic
array oscillator.

[0042] FIG. 11 is a schematic view showing a convex type
ultrasonic probe of the oscillator modules included in the
ultrasonic array oscillator.

[0043] FIG. 12 is a schematic view showing a Hanafy lens
type ultrasonic probe of the oscillator modules included in
the ultrasonic array oscillator.

[0044] FIG. 13 is a schematic view showing a 1D arrange-
ment array of the oscillator modules included in the ultra-
sonic array oscillator.

[0045] FIG. 14 is a schematic view showing circuit con-
figurations of the oscillator modules included in the ultra-
sonic array oscillator.

[0046] FIG. 15 is a schematic view showing an IVUS of
an ultrasonic array oscillator in a comparative embodiment.
[0047] FIG. 16 is a schematic view showing an IVUS of
the ultrasonic array oscillator according to an embodiment
of the present technology.

[0048] FIG. 17 is a cross-sectional view showing the
ultrasonic array oscillator including the oscillator modules
and the MEMS modules according to an embodiment of the
present technology.

[0049] FIG. 18 is a schematic view showing an arrange-
ment of the ultrasonic array oscillator.

[0050] FIG. 19 is a schematic view showing a method of
producing the ultrasonic array oscillator.

[0051] FIG. 20 is a cross-sectional view showing the
ultrasonic array oscillator including the oscillator modules
and optical device modules according to an embodiment of
the present technology.

[0052] FIG. 21 is a schematic view showing an arrange-
ment of the ultrasonic array oscillator.

[0053] FIG. 22 is a schematic view showing a method of
producing the ultrasonic array oscillator.
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MODE(S) FOR CARRYING OUT THE

INVENTION
[0054] [Configuration of Ultrasonic Diagnostic Appara-
tus]
[0055] FIG.1is a schematic view showing a configuration

of an ultrasonic diagnostic apparatus 1 according to this
embodiment. As shown in FIG. 1, the ultrasonic diagnostic
apparatus 1 includes a main body 11, an ultrasonic probe 12,
and a cable 15. The main body 11 is connected to the
ultrasonic probe 12 via the cable 15.

[0056] The main body 11 supplies the ultrasonic probe 12
with drive signals via the cable 15, generates an ultrasonic
image on the basis of ultrasonic wave detection signals
output from the ultrasonic probe 12, and displays the ultra-
sonic image on the display.

[0057] The ultrasonic probe 12 includes an array oscillator
121, comes in contact with an object to be diagnosed, emits
an ultrasonic wave, and detects reflected waves. The ultra-
sonic probe 12 is supplied with the drive signals from the
main body 11 via the cable 15, and outputs the detection
signals to the main body 11.

[0058] Types of the ultrasonic probe 12 are not especially
limited. Any type of the ultrasonic probe, e.g., a linear type,
sector type, convex type, or radial type ultrasonic probe,
may be used. A two-dimensional array type ultrasonic probe
may be used. Alternatively, the ultrasonic probe 12 may be
an ultrasonic catheter that can be inserted into blood vessels
and the like.

[0059] [Configuration of Array Oscillator]

[0060] FIG. 2 is a cross-sectional view showing the struc-
ture of the array oscillator 121. As shown in FIG. 2, the array
oscillator 121 includes a substrate 122, an oscillator layer
123, an upper electrode layer 124, acoustic matching layers
125, and an acoustic lens 126. They are laminated in an order
of the substrate 122, the oscillator layer 123, the upper
electrode layer 124, the acoustic matching layers 125, and
the acoustic lens 126.

[0061] The substrate 122 is a rigid print substrate, an FPC
(flexible printed circuits) substrate, or the like. Wiring lines
H and bumps B are formed on the mounting surface. The
wiring lines H are connected to the main body 11 via the
cable 15.

[0062] The oscillator layer 123 includes a plurality of
oscillator modules 120 and a filler 127. Each of the plurality
of oscillator modules 120 is mounted to the substrate 122 via
the bumps B. The filler 127 is filled between the respective
oscillator modules 120. The filler 127 may be acrylic resin,
polyurethane resin, or an acoustic absorber. The oscillator
modules 120 will be described later in detail.

[0063] Note that while only three oscillator modules 120
are shown in FIG. 2, the array oscillator 121 in fact includes
a larger number of (from about several hundreds to about
several thousands) oscillator modules 120.

[0064] The upper electrode layer 124 functions as an
electrode of piezoelectric layers 131 as described later. The
upper electrode layer 124 is formed of an electric conductive
material, e.g., metal plating. Note that the upper electrode
layer 124 may be formed over the plurality of oscillator
modules 120 as shown in FIG. 2, or may be separated for
each of the oscillator modules 120.

[0065] The acoustic matching layers 125 decrease an
acoustic impedance difference between the object to be
diagnosed and the ultrasonic oscillators 130, and prevents
ultrasonic waves from reflecting toward the object to be
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diagnosed. The acoustic matching layers 125 are formed of
synthetic resin or a ceramics material. The number of the
acoustic matching layers 125 may be two as shown in FIG.
2. Alternatively, one acoustic matching layer or three or
more acoustic matching layers may be used.

[0066] The acoustic lens 126 converges the ultrasonic
waves generated by the oscillator layer 123. The acoustic
lens 126 is positioned at a tip of the ultrasonic probe 12 as
shown in FIG. 1, and comes in contact with the object to be
diagnosed.

[0067] The acoustic lens 126 is formed of silicone rubber
or the like, and its size and shape are not especially limited.

[0068] [Configuration of Oscillator Module]

[0069] FIG. 3 is a schematic view showing the oscillator
modules 120. As shown in FIG. 3, each oscillator module
120 includes an ultrasonic oscillator 130 and a circuit chip
140. A power supply wiring line 151, a signal wiring line
152, and a ground wiring line 153 are connected to each
oscillator module 120.

[0070] Each ultrasonic oscillator 130 includes a piezoelec-
tric layer 131, a lower electrode layer 132, and a backing
layer 133. These are laminated in an order of the backing
layer 133, the lower electrode layer 132, and the piezoelec-
tric layer 131.

[0071] The piezoelectric layer 131 is formed of a piezo-
electric material such as PZT (lead zirconate titanate). When
a voltage is applied between the lower electrode layer 132
and the upper electrode layer 124 (see FIG. 2), the piezo-
electric layer 131 generates vibration due to an inverse
piezoelectric effect, and generates the ultrasonic waves. In
addition, when the reflected waves from the object to be
diagnosed enter the piezoelectric layer 131, polarization is
generated due to a piezoelectric effect. The size of the
piezoelectric layer 131 is not especially limited, but may be
250 um square, for example.

[0072] The lower electrode layer 132 functions as an
electrode of the piezoelectric layer 131. The lower electrode
layer 132 is formed of an electric conductive material, e.g,,
metal plating.

[0073] The backing layer 133 is laminated on the circuit
chip 140, and absorbs unnecessary vibration of the ultra-
sonic oscillator 130. The backing layer 133 is formed of a
material such as a mixture of a filler and synthetic resin.
[0074] The circuit chip 140 is bonded to each ultrasonic
oscillator 130, and forms an impedance matching circuit of
the ultrasonic oscillator 130. The circuit chip 140 is a
semiconductor chip formed of a semiconductor material.
Specifically, the circuit chip 140 can be an SOI chip pro-
duced by an SOI (Silicon on Insulator) process. More
specifically, the circuit chip 140 can be a BGD-SOI chip
produced by a BCD-SOI (bipolar CMOS DMOS) process.
[0075] Each circuit chip 140 may be bonded to each
ultrasonic oscillator 130, and may not necessarily be
arranged between the backing layer 133 and the substrate
122. Also, the circuit chips 140 may not be bonded to all the
ultrasonic oscillators 130, and may be bonded only some of
the ultrasonic oscillators 130. The size of the circuit chip 140
can be the same as or smaller than the size of the bottom
surface of the ultrasonic oscillator 130.

[0076] FIG. 4 is a schematic view showing a circuit
configuration of the circuit chip 140. As shown in FIG. 4, the
circuit chip 140 includes a first TR (transmit-receive) switch
141, an amplifier 142, and a second TR switch 143.
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[0077] The power supply wiring line 151 is connected to
the amplifier 142. The signal wiring line 152 is connected to
the upper electrode layer 124, and is separated into a signal
wiring line 152A not via the amplifier 142 and a signal
wiring line 152B via the amplifier 142. The ground wiring
line 153 is connected to the lower electrode layer 132.
[0078] The first TR switch 141 is connected to the signal
wiring line 152, and switches a signal path between the
signal wiring line 152A and the signal wiring line 152B. The
first TR switch 141 can be a transistor or a diode.

[0079] The amplifier 142 is connected to the signal wiring
line 152B, and amplifies signals flowing through the signal
wiring line 152B by utilizing electric power supplied from
the power supply wiring line 151. The amplifier 142 can be
a diode.

[0080] The second TR switch 143 is connected to the
signal wiring line 152, and switches a signal path between
the signal wiring line 152A and the signal wiring line 152B.
The second TR switch 143 can be a transistor or a diode.
[0081] The oscillator module 120 has the above-described
configuration. As described above, since each oscillator
module 120 includes the circuit chip 140 that forms an
impedance matching circuit, a wiring line length between
the ultrasonic oscillator and the impedance matching circuit
is short, and an impedance matching is effectively per-
formed. This allows an SNR (signal-noise ratio) to be
improved, and the contrast of the ultrasonic image to be
increased.

[0082]

[0083] An operation of the ultrasonic diagnostic apparatus
1 will be described. When the ultrasonic diagnostic appa-
ratus 1 is turned on, the ultrasonic probe 12 is supplied with
electric power from the main body 11 via the cable 15 (see
FIG. 1). The electric power flows to the power supply wiring
line 151 via the substrate 122 and is supplied to the amplifier
142 (see FIG. 4).

[0084] When the ultrasonic probe 12 comes in contact
with the object to be diagnosed and an instruction to start
diagnosis is input, the main body 11 generates the drive
signals. The drive signals are supplied to the ultrasonic
probe 12 via the cable 15, and flow to the signal wiring line
152 via the substrate 122. In this case, the first TR switch
141 and the second TR switch 143 are switched to a signal
wiring line 152A side, and the drive signals are supplied to
the upper electrode layer 124 via the second TR switch 143
and the first TR switch 141.

[0085] Due to a potential difference between the upper
electrode layer 124 and the lower electrode layer 132, the
piezoelectric layer 131 generates vibration due to an inverse
piezoelectric effect, and generates the ultrasonic waves. The
generated ultrasonic waves enter the object to be diagnosed
via the acoustic matching layer 125 and the acoustic lens
126.

[0086] The reflected waves generated in the object to be
diagnosed enter the piezoelectric layer 131 via the acoustic
lens 126 and the acoustic matching layer 125. The piezo-
electric layer 131 is polarized due to the piezoelectric effect,
and a current (hereinafter referred to as detection signals)
flows through the signal wiring line 152. In this case, the first
TR switch 141 and the second TR switch 143 are switched
to a signal wiring line 152B side, and the detection signals
are amplified by the amplifier 142. The amplified detection
signals flow from the first TR switch 141 to the signal wiring

[Operation of Ultrasonic Diagnostic Apparatus]
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line 152 and are transmitted to the main body 11 via the
substrate 122 and the cable 15.

[0087] The main body 11 generates the ultrasonic image
on the basis of the detection signals. As described above, the
drive signals are transmitted to the upper electrode layer 124
not via the amplifier 142, but the detection signals are
amplified by the amplifier 142 and are transmitted to the
main body 11. The route switching of the drive signal and
the detection signal is performed by the first TR switch 141
and the second TR switch 143. Thus, the impedances
between the drive signals having a great signal strength and
the detection signal having a small signal strength can be
matched.

[0088] [Method of Producing Array Oscillator]

[0089] FIG. 5 to FIG. 8 are schematic views showing a
method of producing the array oscillator 121. As shown in
FIG. 5(a), the circuit chips 140 are arranged on a sacrifice
substrate K. The circuit chips 140 can be adhered to the
sacrifice substrate K with an adhesive that is peeled by UV
(ultraviolet) irradiation.

[0090] Next, as shown in FIG. 5(b), the backing layer 133
is laminated on the sacrifice substrate K and the circuit chips
140. Next, as shown in FIG. 5(c), parts of the backing layer
133 are removed to expose the circuit chips 140. Openings
133a are formed by the removal.

[0091] Next, as shown in FIG. 6(a), a conductive material
D1 is arranged in the openings 1334 and over the backing
layer 133. The conductive material D1 includes metal such
as copper, for example. Next, as shown in FIG. 6(b), a
conductive material D2 is arranged on the conductive mate-
rial D1. The conductive material D2 can be a conductive
adhesive. The conductive material D1 and the conductive
material D2 form the lower electrode layer 132.

[0092] Next, as shown in FIG. 6(c), the piezoelectric layer
131 is arranged on the conductive material D2 and adhered
by the conductive material D2. Next, as shown in FIG. 7(a),
the piezoelectric layer 131 and the backing layer 133 are cut
by dicing to separate into individual oscillator modules 120.
[0093] Next, the oscillator modules 120 are separated
from the sacrifice substrate K. By ultraviolet irradiation, the
adhesive between the circuit chip 140 and the sacrifice
substrate K can be peeled. FIG. 7(b) is a schematic view
showing the oscillator modules 120 separated from the
sacrifice substrate K.

[0094] Next, as shown in FIG. 7(c), the oscillator module
120 is mounted to the substrate 122. As shown in FIG. 7(c¢),
the wiring lines H and the bumps B are formed on the
substrate 122. Note that the wiring lines H are the power
supply wiring line 151, the signal wiring line 152, and the
ground wiring line 153. The oscillator module 120 can be
mounted to the substrate 122 by connecting the circuit chip
140 to the wiring lines H via the bumps B.

[0095] Next, as shown in FIG. 8(a), other oscillator mod-
ules 120 are mounted to the substrate 122, respectively. Note
that a method of mounting objects to be mounted separately
in this way is called as a pick-and-place method.

[0096] Next, as shown in FI1G. 8(5), the filler 127 is filled
between the respective oscillator modules 120 to form the
oscillator layer 123. Next, as shown in FIG. 8(c), the upper
electrode layer 124 and the acoustic matching layer 125 are
laminated on the oscillator layer 123.

[0097] Next, the acoustic lens 126 is laminated on the
acoustic matching layer 125 (see FIG. 2). In the above-
described manner, the array oscillator 121 can be produced.
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As described above, in the array oscillator 121 according to
this embodiment, since each ultrasonic oscillator 130 and
each circuit chip 140 are formed integrally, the pick-and-
place method can be used for mounting.

[0098] Here, the array oscillator used for the ultrasonic
diagnostic apparatus includes about several thousands of
ultrasonic oscillators. In particular, a medical ultrasonic
probe has a different configuration depending on each diag-
nosis item. Even if the pick-and-place method is used, the
costs are not high.

[0099] In addition, in the related art, it is necessary to
produce array oscillators separately for a variety of ultra-
sonic probes including array oscillators having different
shapes. In contrast, according to this embodiment, the oscil-
lator modules 120 can be freely arranged by the pick-and-
place method. Thus, it is possible to use the oscillator
modules 120 having the same structure in a variety of the
ultrasonic probes.

[0100] Note that the method of producing the array oscil-
lator 121 is not limited to the above-described method. FIG.
9 is a schematic view showing another method of producing
the array oscillator 121. As shown in FIG. 5(a), the circuit
chips 140 are arranged on the sacrifice substrate K. There-
after, as shown in FIG. 9(a), the backing layer 133 is formed
in a thickness similar to the thickness of the circuit chips
140.

[0101] Further, as shown in FIG. 9(3), a structure, in
which the backing layer 133, the conductive material D1,
and the conductive material D2 are laminated, is produced.
By laminating the laminate on the structure of FIG. 9(a), the
structure of FIG. 6(b) can be produced. The array oscillator
121 can be produced by the method similar to the above-
described method after that.

[0102] [Arrangement of Oscillator Modules]

[0103] As described above, the ultrasonic probe 12
according to this embodiment includes the oscillator mod-
ules 120 each having the ultrasonic oscillator 130 and the
circuit chip 140, and the oscillator modules 120 can be
mounted to the substrate 122 one by one. Accordingly,
oscillator modules 120 can be arranged with a high degree
of freedom.

[0104] FIG. 10 is a schematic view showing an arrange-
ment of the oscillator modules 120, which are viewed from
the direction perpendicular to the substrate 122 (see FIG. 2).
As shown in FIG. 10, the oscillator modules 120 can have
a honeycomb 2D arrangement. The honeycomb 2D arrange-
ment refers to a regular hexagon provided by lines connect-
ing the centers of the oscillator modules 120 viewed from
the direction perpendicular to the substrate 122.

[0105] In general, it is desirable for an ultrasonic probe to
decrease a side lobe (ultrasonic waves emitted in the direc-
tions deviated from the center direction which is directed by
the ultrasonic waves). The honeycomb 2D arrangement can
widen the spaces between the adjacent ultrasonic oscillators
130, and can suppress the side lobe.

[0106] In particular, by the Dice and Fill method used for
the production of the array oscillator in the related art, large
electrodes in a honeycomb 2D arrangement are arranged on
piezoelectric devices diced small in a lattice. This method
results in a substantial degraded device pitch width. In
contrast, in the array oscillator 121 according to this embodi-
ment, it is possible to arrange the ultrasonic oscillators 130
at minimum device processing pitches by the pick-and-place
method.
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[0107] FIG. 11 is a schematic view showing a convex type
ultrasonic probe including the oscillator modules 120
according to this embodiment. As shown in FIG. 11, it is
necessary to arrange the oscillator modules 120 on a curved
surface in the convex type ultrasonic probe. However, the
impedance matching circuits in the related-art structure are
provided by the ASICs, it is difficult to arrange the ASICs on
the curved surface.

[0108] In contrast, the array oscillator 121 according to
this embodiment includes the oscillator modules 120 each
including the ultrasonic oscillator 130 and the circuit chip
140 integrally formed. As shown in FIG. 11, the oscillator
modules 120 can be densely mounted. Thus, it is possible to
improve a contrast of the ultrasonic image and a slice
resolution (resolution in a depth direction of the object to be
diagnosed).

[0109] FIG. 12 is a schematic view showing a Hanafy lens
type ultrasonic probe including the oscillator modules 120
according to this embodiment. The Hanafy lens uses two or
more types of ultrasonic oscillators as the array oscillator in
order to improve the slice resolution.

[0110] As shown in FIG. 12, the array oscillator 121
includes oscillator modules 120L each including an ultra-
sonic oscillator 1300 having a low center frequency of
oscillation (large operning size) and an oscillator modules
120H each including ultrasonic oscillator 130H each having
a high center frequency of oscillation (small opening size).
Note that as the frequency of each ultrasonic oscillator 130
is determined by the thickness of each piezoelectric layer
131, the thickness of the piezoelectric layer 131 of each
ultrasonic oscillator 130L is different from the thickness of
the piezoelectric layer 131 of each ultrasonic oscillator 130.
[0111] The Hanafy lens allows an ultrasonic beam diam-
eter to be uniform in the depth direction by changing focal
points of the ultrasonic waves at an inner periphery side and
at an outer periphery side. As described above, since the
frequency of each ultrasonic oscillators is determined by the
thickness of the piezoelectric layer, the array oscillator has
been produced in the related art by curving that the piezo-
electric layer is machined to have a curved surface and
dicing that the piezoelectric layer is divided. In contrast,
according to this embodiment, the ultrasonic oscillators 130
including the piezoelectric layers 131 with different thick-
nesses are produced in advance, and can be mounted sepa-
rately by using the pick-and-place method.

[0112] Thus, it is possible to produce the array oscillator
121 including the ultrasonic oscillators 130L and the ultra-
sonic oscillators 130H with a greater frequency difference
therebetween as compared with an array oscillator produced
by the curving. Also, it is possible to freely decide the
arrangement of the ultrasonic oscillators 130L and the
ultrasonic oscillators 130H. Furthermore, the Hanafy lens
can have the honeycomb 2D arrangement, and the side lobe
can be decreased.

[0113] [Arrangement and Number of Circuit Chips]
[0114] As described above, each oscillator module 120 of
the array oscillator 121 includes the ultrasonic oscillator 130
and the circuit chip 140. Here, not one circuit chip 140 but
a plurality of the circuit chips 140 may be used.

[0115] FIG. 13 is a schematic view showing the array
oscillator 121 including the oscillator modules 120 having a
plurality of circuit chips. As shown in FIG. 13, the array
oscillator 121 can be a narrow chip 1D arrangement array
including narrow ultrasonic oscillators 130 arranged in one
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direction. The circuit chips 140 can include three circuit
chips, i.e., the circuit chip 140A, the circuit chip 140B, and
circuit chip 140C.

[0116] FIG. 14 is a schematic view showing circuit con-
figurations of the circuit chips 140A to C. As shown in FIG.
14, the circuit chip 140A includes the second TR switch 143,
the circuit chip 140B includes the amplifier 142, and the
circuit chip 140C includes the first TR switch 141, respec-
tively. The first TR switch 141, the amplifier 142, and the
second TR switch 143 operate as described above. The
circuit chips 140A to C may be produced by dicing and
cutting the circuit chips 140, or may be separately produced.

[0117] When the circuit chip 140 is divided into devices of
the impedance matching circuit, the circuit chips 140 can be
downsized. Even if the widths of the ultrasonic oscillators
130 are narrow like the narrow pith 1D arrangement array,
it is possible to bond the circuit chips 140 to the ultrasonic
oscillators 130. Note that the circuit chip 140 may include
two circuit chips. For example, one circuit chip has the
amplifier 142 and the other circuit chip has the first TR
switch 141 and the second TR switch 143.

[0118] [Application to IVUS]

[0119] An IVUS (intravascular ultrasonic endoscope) is
one type of the ultrasonic probes, and is used for observation
of vascular walls of coronary blood vessels. The IVUS
includes an array oscillator having a plurality of ultrasonic
oscillators arranged circumferentially and an amplifier that
amplifies detection signals output from respective ultrasonic
oscillators.

[0120] FIG. 15 is a schematic view showing an IVUS 300
having the related-art structure. As shown in FIG. 15, the
IVUS 300 includes a catheter 301, an array oscillator 302, a
signal processing chip 303, and a wiring line 304. Vascular
walls are irradiated with the ultrasonic waves generated in
the array oscillator 302 via the catheter 301 that is inserted
into blood vessels, and the reflected waves enter into the
array oscillator 302 via the catheter 301 and are detected.
The detection signals are amplified by the signal processing
chip 303 and are transmitted to a main body via the wiring
line 304.

[0121] Thus, in the IVUS 300, the signal processing chip
303 is necessary to arrange separately from the array oscil-
lator 302. The signal processing chip 303 inhibits bending of
the TVUS 300, which makes the operation of the catheter
301 difficult.

[0122] FIG. 16 is a schematic view showing an IVUS 400
using the array oscillator 121 according to this embodiment.
As shown in FIG. 16, the IVUS 400 includes a catheter 401,
the array oscillator 121, and a wiring line 402. Vascular
walls are irradiated with the ultrasonic waves generated by
the array oscillator 121 via the catheter 401 that is inserted
into blood vessels, and the reflected waves enter into the
array oscillator 121 via the catheter 401 and are detected.
The detection signals are amplified by the signal processing
chips 140 included in the array oscillator 121 and are
transmitted to a main body via the wiring line 402.

[0123] Since the array oscillator 121 includes the circuit
chips 140, in the IVUS 400, there is no need to provide the
signal processing chip in addition to the array oscillator 121.
Thus, no signal processing chip inhibits bending of the
IVUS 400. which makes the operation of the catheter 401
easy. Note that the IVUS 400 may include another signal
processing chip unrelated to the impedance matching cir-
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cuits. Even in this case, as no impedance matching circuits
are necessary, it is possible to decrease the size of the signal
processing chip.

[0124] [Co-mounting of Ultrasonic Oscillators and
MEMS]
[0125] The oscillator module 120 according to this

embodiment and MEMS modules including MEMS (Micro
Electro Mechanical Systems) can be co-mounted.

[0126] FIG. 17 is a schematic view showing an array
oscillator 160 including oscillator modules and the MEMS
modules co-mounted. As shown in FIG. 17, the array
oscillator 160 includes the oscillator modules 120 and the
MEMS modules 161. Other configurations of the array
oscillator 160 are the same as those of the array oscillator
121.

[0127] Each MEMS module 161 includes an MEMS 162,
a lower electrode layer 163, a backing layer 164, and a
circuit chip 165. The MEMS 162 is an ultrasonic sensor
formed by the MEMS. Specific configuration of the MEMS
is not especially limited. The configurations of the lower
electrode layer 163, the backing layer 164, and the circuit
chip 165 are similar to those of the oscillator module 120.
Note that the configuration of the MEMS module 161 is not
limited to this, and may at least at least include MEMS 162.
[0128] FIG. 18 is a schematic view showing an arrange-
ment of the oscillator modules 120 and the MEMS modules
161 of the array oscillator 160, and is viewed from the
direction perpendicular to the substrate 122. As shown in
FIG. 18, the oscillator modules 120 and the MEMS modules
161 are co-mounted on the substrate 122 to form the array.
Note that the arrangement of the oscillator modules 120 and
the MEMS modules 161 is not limited to that shown in FIG.
18.

[0129] With this configuration, the ultrasonic waves can
be generated by using the oscillator modules 120 having
great ultrasonic strength, and the reflected waves can be
detected by using the MEMS modules 161 having high
sensitivity. Thus, it is possible to improve an ultrasonic wave
detection sensitivity.

[0130] FIG. 19 is a schematic view showing a method of
producing the array oscillator 160. As shown in FIG. 19,
both of the oscillator modules 120 and the MEMS modules
161 can be mounted to the substrate 122 by using the
pick-and-place method. After both the modules are mounted
to the substrate 122, the filler 127, the upper electrode layer
124, the acoustic matching layer 125, and the acoustic lens
126 are formed. As a result, it is possible to produce the array
oscillator 160 shown in FIG. 17, similar to the array oscil-
lator 121.

[0131] [Co-mounting of Ultrasonic Oscillators and Opti-
cal Devices]
[0132] The oscillator modules 120 according to this

embodiment and optical device modules including optical
devices can be co-mounted.

[0133] FIG. 20 is a schematic view showing an array
oscillator 170 where the oscillator modules and the optical
device modules are co-mounted. As shown in FIG. 20, the
array oscillator 170 includes the oscillator modules 120 and
optical device modules 171. Other configurations of the
array oscillator 170 are the same as those of the array
oscillator 121.

[0134] Each optical device module 171 includes an optical
device 172, a lower electrode layer 173, a backing layer 174,
and a circuit chip 175. The optical device 172 is a light-
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emitting device, and is a laser diode, for example. The
configurations of the lower electrode layer 173, the backing
layer 174, and the circuit chip 175 are the same as those of
the oscillator module 120. Note that the optical device
module 171 is not limited to this, and may at least include
the optical device 172.

[0135] FIG. 21 is a schematic view showing an arrange-
ment of the oscillator modules 120 and the optical device
modules 171 of the array oscillator 170, and is viewed from
the direction perpendicular to the substrate 122. As shown in
FIG. 21, the oscillator modules 120 and the optical device
modules 171 are co-mounted on the substrate 122 to form
the array. Note that the arrangement of the oscillator mod-
ules 120 and the optical device modules 171 is not limited
to that shown in FIG. 21.

[0136] With this configuration, it is possible to execute
light ultrasonic imaging, in which the object to be diagnosed
is irradiated with light generated by the optical device
modules 171 and the oscillator modules 120 detect the
generated heat to thereby perform imaging.

[0137] In the related art, it is necessary to separately
prepare a light-emitting apparatus including optical devices
and an acoustic apparatus including acoustic devices for
light ultrasonic imaging. According to the present technol-
ogy, the ultrasonic oscillators 130 and the optical devices
172 can be formed as an array, and it is possible to perform
light ultrasonic imaging with a single ultrasonic probe.

[0138] FIG. 22 is a schematic view showing a method of
producing an array oscillator 170. As shown in FIG. 22, both
of the oscillator modules 120 and the optical device modules
171 can be mounted to the substrate 122 by using the
pick-and-place method. After both the modules are mounted
to the substrate 122, the filler 127, the upper electrode layer
124, the acoustic matching layer 125, and the acoustic lens
126 are formed. As a result, it is possible to produce the array
oscillator 170 shown in FIG. 20, similar to the array oscil-
lator 121.

[0139] Note that the array oscillator 170 can include the
above-described MEMS modules 161 in place of the oscil-
lator modules 120. Further, the array oscillator 170 can
include three types of modules, i.e., the oscillator modules
120, the MEMS modules 161, and the optical device mod-
ules 171, as an array.

[0140] Other than the array oscillator 160 and the array
oscillator 170, any devices, which can be mounted by using
the pick-and-place method, can be co-mounted together with
the oscillator modules 120 and can be arrayed together with
the oscillator modules 120.

[0141] The present technology may also have the follow-
ing configurations.

[0142]
[0143]

[0144] semiconductor chips bonded to the respective
ultrasonic oscillators that form impedance matching
circuits.

[0145]
in which
[0146] each of the impedance matching circuits

includes an amplifier and a TR (transmit-receive)
switch.

(1) An ultrasonic array oscillator, including:

ultrasonic oscillators that form an array; and

(2) The ultrasonic array oscillator according to (1),
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[0147] (3) The ultrasonic array oscillator according to (1),
in which
[0148] each of the semiconductor chips includes a first

semiconductor chip including the amplifier and a sec-

ond semiconductor chip including the TR switch.
[0149] (4) The ultrasonic array oscillator according to
according to any one of (1) to (3), in which

[0150] each of the semiconductor chips is an SOI (Sili-
con on Insulator) chip.

[0151] (5) The ultrasonic array oscillator according to
according to any one of (1) to (4), in which

[0152] the ultrasonic oscillators include first ultrasonic
oscillators each having a first frequency as a center
frequency of oscillation and second ultrasonic oscilla-
tors each having a second frequency different from the
first frequency as a center frequency of oscillation.

[0153] (6) The ultrasonic array oscillator according to
according to any one of (1) to (5), further including:

[0154] MEMS (Micro Electro Mechanical Systems),
the MEMS and the ultrasonic oscillators forming the
array.

[0155] (7) The ultrasonic array oscillator according to
according to any one of (1) to (6), further including:

[0156] optical devices, the optical devices and the ultra-
sonic oscillators forming the array.

[0157] (8) A method of producing an ultrasonic array
oscillator, including:

[0158] mounting ultrasonic oscillators, to which semi-
conductor chips that form impedance matching circuits
are bonded, by using a pick-and-place method.

[0159] (9) The method of producing the ultrasonic array
oscillator according to according to (8), in which

[0160] the ultrasonic oscillators include first ultrasonic
oscillators each having a first frequency as a center
frequency of oscillation and second ultrasonic oscilla-
tors each having a second frequency different from the
first frequency as a center frequency of oscillation.

[0161] (10) The method of producing the ultrasonic array
oscillator according to according to (8) or (9), in which

[0162] the mounting step includes mounting the ultra-
sonic oscillators and MEMS (Micro Electro Mechani-
cal Systems) by using the pick-and-place method.

[0163] (11) The method of producing the ultrasonic array
oscillator according to any one of (8) to (10), in which

[0164] the mounting step includes mounting the ultra-
sonic oscillators and optical devices by using the pick-
and-place method.

[0165] (12) An ultrasonic probe, including:

[0166] an ultrasonic array oscillator including ultra-
sonic oscillators that form an array, and semiconductor
chips bonded to respective of the ultrasonic oscillators
that form impedance matching circuits.

[0167] (13) An ultrasonic diagnostic apparatus, including:

[0168] an ultrasonic probe including an ultrasonic array
oscillator, the ultrasonic array oscillator including
ultrasonic oscillators that form an array, and semicon-
ductor chips bonded to respective of the ultrasonic
oscillators that form impedance matching circuits; and

[0169] a main body to which the ultrasonic probe is
connected, the main body supplying the ultrasonic
array oscillator with a drive signal and generating an
ultrasonic image on the basis of a detection signal
output from the ultrasonic array oscillator.
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REFERENCE SIGNS LIST

[0170] 1 ultrasonic diagnostic apparatus
[0171] 11 main body

[0172] 12 ultrasonic probe

[0173] 120 oscillator module
[0174] 121 array oscillator

[0175] 122 substrate

[0176] 123 oscillator layer

[0177] 124 upper electrode layer
[0178] 125 acoustic matching layer
[0179] 126 acoustic lens

[0180] 127 filler

[0181] 130 ultrasonic oscillator
[0182] 131 piezoelectric layer
[0183] 132 lower electrode layer
[0184] 133 backing layer

[0185] 160 array oscillator

[0186] 161 MEMS module

[0187] 170 array oscillator

[0188] 171 optical device module

1. An ultrasonic array oscillator, comprising:
ultrasonic oscillators that form an array; and
semiconductor chips bonded to the respective ultrasonic
oscillators that form impedance matching circuits.
2. The ultrasonic array oscillator according to claim 1,
wherein
each of the impedance matching circuits includes an
amplifier and a TR (transmit-receive) switch.
3. The ultrasonic array oscillator according to claim 2,
wherein
each of the semiconductor chips includes a first semicon-
ductor chip including the amplifier and a second semi-
conductor chip including the TR switch.
4. The vultrasonic array oscillator according to claim 1,
wherein
each of the semiconductor chips is an SOI (Silicon on
Insulator) chip.
5. The vultrasonic array oscillator according to claim 1,
wherein
the ultrasonic oscillators include first ultrasonic oscilla-
tors each having a first frequency as a center frequency
of oscillation and second ultrasonic oscillators each
having a second frequency different from the first
frequency as a center frequency of oscillation.
6. The ultrasonic array oscillator according to claim 1,
further comprising:
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MEMS (Micro Electro Mechanical Systems), the MEMS
and the ultrasonic oscillators forming the array.
7. The ultrasonic array oscillator according to claim 1,
further comprising:
optical devices, the optical devices and the ultrasonic
oscillators forming the array.
8. A method of producing an ultrasonic array oscillator,
comprising:
mounting ultrasonic oscillators, to which semiconductor
chips that form impedance matching circuits are
bonded, by using a pick-and-place method.
9. The method of producing the ultrasonic array oscillator
according to claim 8, wherein
the ultrasonic oscillators include first ultrasonic oscilla-
tors each having a first frequency as a center frequency
of oscillation and second ultrasonic oscillators each
having a second frequency different from the first
frequency as a center frequency of oscillation.
10. The method of producing the ultrasonic array oscil-
lator according to claim 8, wherein
the mounting step includes mounting the ultrasonic oscil-
lators and MEMS (Micro Electro Mechanical Systems)
by using the pick-and-place method.
11. The method of producing the ultrasonic array oscil-
lator according to claim 8, wherein
the mounting step includes mounting the ultrasonic oscil-
lators and optical devices by using the pick-and-place
method.
12. An ultrasonic probe, comprising:
an ultrasonic array oscillator including ultrasonic oscilla-
tors that form an array, and semiconductor chips
bonded to respective of the ultrasonic oscillators that
form impedance matching circuits.
13. An ultrasonic diagnostic apparatus, comprising:
an ultrasonic probe including an ultrasonic array oscilla-
tor, the ultrasonic array oscillator including ultrasonic
oscillators that form an array, and semiconductor chips
bonded to respective of the ultrasonic oscillators that
form impedance matching circuits; and
a main body to which the ultrasonic probe is connected,
the main body supplying the ultrasonic array oscillator
with a drive signal and generating an ultrasonic image
on the basis of a detection signal output from the
ultrasonic array oscillator.
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