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W RO (JE3T) : Purpose of the study is the development of high power ultrasound
measurement technique, the following results have been obtained. In case of the
development of a device for measuring high acoustic pressure, we developed the robust
hydrophone with hydrothermally synthesized PZT film. The robust hydrophone could be
measured the high intensity ultrasound signals for long time. In case of the study of a
technique for measuring high ultrasonic power, structure of novel water vessel and a novel
measurement method was proposed. In case of measurement technique of the amount of
generated acoustic cavitation, Broadband integrated voltage measured by using high spatial
resolution cavitation sensor has the potential to be used an index of the amount of generated
acoustic cavitation.

AT R TERA
(AL« 1Y)
[ERESEHN [RECTES ¢ & &t

2009 4 8, 500, 000 2, 550, 000 11, 050, 000
2010 4 3, 200, 000 960, 000 4, 160, 000
2011 4F 1, 600, 000 480, 000 2, 080, 000

FEE

A
&t 13, 300, 000 3, 990, 000 17, 290, 000

F—U— R EERERY AR KB ER - A ARG FrET—va s
IKENE BRI



1. WFERMEL IO 5

(1) BfE, BEWRITERZE - IBEOSE T
BRI ShTwWb, BRI, 8%
WX ZETHDHEENTET, L LI,
= SRR O mE I, R ED b
“GRV HEESEH SO0 H 5,

(2) EHIRES I Tl BOIRBIRESZ B
) & 3% HITU(High Intensity Therapeutic
Ultrasound) & Fr &1 5 FEH 150 H I 23
EbiL>oH 5,

(3) F7o, BOKPEERICAREL CRAET
D% ¥ EF— g ORRERR LIH 7
BRELRESA TG, LinL, ¥rE7
— 3 g R T DR B Y |
PR ERMEOTLERSEED D, REE
BERIC” H “TDUED D B,

4) Y IFIARN)—DOHBH T, FyETF—

voa Y aIGH LT & ZRFE M TR TR Y |

ARERES TESOREPHFF SN TVD,

(6) ERRIT/R LT & 9 72008 CToi K il F
WOILHDIEN > TS, Loy LEMRIZISH
RFZEEE 3 AT Uy 3R DK FR B i 5 5 ki B
WOBRNEN TS, 202 L. BF
B EE D AR T 2 BEeME~DTRES Y /
FIARNY—OREEISH~OREIZ/R > TV
by TDTOIT, BITKTBER GBS
(ZEHIS 2 HAF OMETITRBE OETH B,

(6) AR O ORI, [H
BN L EEARECTH Y | K EFHEIE AR
B CHIFENBI SN ZATH D, 12,
IEC EFEBMNIRZROETH, RIS
O TEEWAL DRV IEE > T2, SHBFICHE
KBTI D RIPKPBERIGH DO =—X
WS U, B oREAMEREVEDT & Rl EoFr
W EHRFT B 7202, 5ESKP S G
HIEH OB N LEARR R TH 5,

2. WHEDHBY

(1) AWFFE X, 987K -8 E IS 5 i
WoOBREZHKE LT, MEINICR K
B E G EHAT A A OBF, IR S
BT — AR OB K N v BT — 2 3
VREBO BN OB EZITV, LT
DREWRLNZT D,

(2) BAKPEERESEAT S 2D
FETI, BRI E R ES T O EEE ]
REZR BRI NA Pk 2B 5,

(3) AR ER T —FHAlHAT OB T
(3R KPS R IR OB E ST — (20 W

~200 WD FHIY AT L& e S5, HLE,
FITHWHEN TV D KFHETIZ, 20W LI LD
AN U —fEI T, ZEROBWIHERES
DFBIZEVHENREEL 72D, ZD7D,
AW T R LR — 2L KB LN, BT
WU —Z2EHET5h8a ) A N EOBER
NU—FH S AT DB FEREE D,

(4) BAE, ¥y ET—2a URARIT, VY
FIBNNIFyELA (SCL) ZHDILFH
FIERPHFFELETIHMILTBY ., Fxy T —
a URABRRKREZFHIL WY, 2T,
Xy BT — g URABROERIEM O
ETIE, F¥ET—2arnbRETLEE
WA E G2 SR EEE g2 AT
T 2HEMEZRB L, Sy ET—va %
EROTEENZ BT,

3. MR E
(1) FRIPKHFHEEEESFAT 4 2D
%%

O FBAKFBEEFES T TSR0
HHERERAA Fakrz2ikgt - 152,
FEBMBHTIZ, B R OBERAY 7 A — 1258
WFZ URY VA ke (PZT) ZHW5,
PZT OAERICIE, KEGHRIEZ WD, £ D
72, A— b7 V=T NORERET), IR
FEARP O (RS AN 48 T BE 720 KBS AR E O
et - IEE1T O,

@ KEERIEIC XD PZT OB RSO KiE
bz B E UCUHRE JEN L el & PZT
OfE R E R, B EOBRERT D,
PZT OjEdh ik & ofb a8 E OFHic 1%, XRD
INH— %2 SEM i & VWD,

@ Feifb L7 plsEgeFic L v ARk L= PZT
ZRWT, mEEMERANA Fakr 23 E
L. ZIREERELCE K TBEERES T T
DI ANESE DFEE 2 5l 5,

(2) SRR E W T —FHAIELART O BA %

© e AL VEOHKROBER Y —H
HI5ETIE, BB O BERIEME. Viscous
heating S DFZEIT LV | FEMED BWHIED
WEECTH 72, £ T, AFIETIE., BEK
PR AT O ZKIRAEME 2 DB E BT — & H
HT 28 LW HIEEZ BT 5,

@ B YA N UIETHW D KIEHE A
6T %, BERIRE 0O B S o gk
DPRE IS LW S BARE T2
SIS SO E AT~ COKR ERICTF S
TLHHE, ZD 2 DOFRMETIZT 720, K



T BT M OV 2258 2l iz m U A b
U B AR 2 5B %,

@ AIELHw YA &Y RGE KN O
H AR E 2 HERB 9 2 7201, B E sk
B LA Fakraty FL, KEF0D0
ekt ST BE RSV AP 2 BT D,

@ Hu Y ARNVEOFER AT LEHNT,
100 W £ TOMER AT —HENAETH D
FEIGET D, o, vV A RUEIZED
HEME OB D =D, ha U X Uik
(2K DEEW T —JIEME & RFEEIC L 5
F T —REE A kT 5,

3)x ¥ 75— 3 AR EEENHEI
DBEAFE

O FxYET—2a v RNTANLEET LS
JE I #8015 5 (Broadband Integrated Voltage :
BIV) R+ 2MEROF vy ET — a3
oV ERIET 5,

® FxbF—rarkrHickdxFyres

—va URAROEERNZ IS 5123,

vV OWMNEFEBEEETHEY L THELR
HZBIVAX vy ET—2 g VHEDEETHD
FEIGETOIMNERH D, £ T, ¥ T
— a3 VOFRESRMNTH DR KOETEESR
IREERC SCL D HHRE & BIV & OBtk & JIE
T 5,

® k., F¥ T — 3 L OREFMITIL.
— RN FERHN LTV, BIV EHE
DZER A FH I L, Z O % SCL DXL
A & AT S, B E, AKEERERC
PR L7 RS R i A KR 5 5 &
TR T B S 5,

4. WFIERCR
(1) 5RIKPEERE ST A 2D
B

@ RJE 300 C. ES 10 MPa, H#P o Ex
500 rpm F THIFEIRIEE T, M7 VB U K
V2 2 D K EAA Rl S 1 & 3Rt - ARE LT,

@ PZT OH RS DEIELZAT > 1o, Z Dl
S IREE 160 C. J£77 0.6 kPa, [RI#554 250 rpm
DREIESAFIT BT, PZT Db E R R 6.5
um 2> 5 7.2um (2, FERREEE 2.9 glem’ 25 5.4
glem’® Ik E ST,

@ WLt TAER LT PZT ZHW-E5E
HEHANAA Rk 281ELZ, 20N K
oL, ¥ ET— v g VEOBMATEH
b PZT REMARGET 5 BT, Zm%

JEX 50 um O Ti {6 TE S MEEIC Lz, mEE
BIE R AA R a ks O 2K 112377,

Conductive layer
wire

Titagium sheet Titanium

Deposited PZT
Electrically conductive

1 mE EREHAA R oA ORI

Insulated

@ HF WS O AKFEN D58 7K H RS
B T CEEIEREMN ANA Ka k> OfffAE
FEERAIT o712, ™A Rk, ZHES T
ETHEONTRNLED EFEBOIL TS HDD
QHEEAAE Lz, ZOME., 2 Ti §E
TEDLONTWDHENA RakRr 0N, ERHE
BEREFEZIETEDFEEIIELI,

® FmEETERANA Fa ks Oz RED
JEIR B EDORE R 2K 2 1Rk T, /A Kak
VDREERUGET HT-0IC, A Rrkro
FEME 2 SRR T K0 BUE AT L7253, =
WHEIZHWZ TIEOE S % 50 pum 725 5 pm
DLFIZT 5H T, ZWEEDOBGENFAIEETH
DL EMERB LT,

-265

2270 nv/\
275 .ﬂ/ N A St M

1

]

-290

Receiving sensitivity (dB re 1V/uPa)

0 5 10 15 20
Frequency (MHz)
2 @ ERERANA N e OZPRREE D
JE B R

® T — KEAREE &S ER
EHNA FedRra2afEL, IR BER
T T, ko g Farkr L bHibl
WS WZ EEFGFELTE, ZORERIZ, WA T
BEWEEHli 252, &5 HAROBE L A —
BT, AW TIHRIE L2 ok I
HEPL L 7= B BR R A T Ch D

(2) SRAKHPEEE ST — S HRMAN O B %

O AT kDA U A Y EORIE
JREIRIT B -0, B I B oD KRR
TE AR FRETRT O KIRREM 25 . 2 (1)
ERWCTBENR AT —2EHT 5 B2 RE
L7,

AT

P=—:70C, M (D)
tx



HIEBRE t IR IS R 28806 L, t B
RG22 ke L. FREHIE T2 o RO, /KT
ELET D, tiy ty ORNIAKIRE( LD +055%
LN THDEFEEL, ZNEFNORIERETR %
B I “OFF O R LIS B A 35, SME L
THEBHID 2 D DIEE Thetores Tasier D75 AT %
AR RENC RS 5 KR LR & ERT D,
ZOHEEROTHEE LR R, fEkiEIck
NC, BEERGEIND Z EER L,

@ v Y A NYRIERKEORSEOR#EL
HiTo7. M3 WCEIEL= Y A MY HA%
LA AE 5K oK 27,

Air layer (10 mm)

Stainless steel
board (0.8 mm)

3 Hm U AN UHEITE KRS O

ARSI, B 150 mm, %S 90 mm O M fEE
T, AKENEEOHIEIZK] 0.8 mm Th 5, B
K OVE I CHE I 2 2 ST 570, lE
N OVEEIZ, 18 10 mm OZERBAZ T -, B
I AF T 2B ERITIFIET RS LR 5,
—HFENARE L. K TR SRR IEE
LT, KEEFIZHFST D, £z, EEFER
RE) I AR LWz, e 28
AT D ENTE D,

@ Aw A YURIERKENOBE R RRE
R 2 E L7z, RERZM 41087

0.8 ; 0.01
1 — Transducer Pulse/Echo I
0.6 - }U?gall? ultrasound
~40.005 =
— <
Z. 0.4 / £l
£ L
g 0.2 0o 8
g g
1 S
B 0 £
: =
e } 4 -0.005 =
-0.2 —— Hydrophone
~ .
04 Input signal 001

6 0.0005 0.601 040‘015 0.002
Time [s]

K4 A Radiil X RlE LK 255

ERAY =R

RE) 7D v AT a—HIIEBFEWI S
WNBE ST, B RE) 1~ A
WL NWZ R Tc&lz, —FH., »" K
B HIME BRI, AR B %k 2 2R
THIVAFINBE SN, 2V ABEN DS

FH SN, KEONEOMEEREIZIZ
EX L TCWD 72, ZIUTBE L AN
ARl & B L7 BERACEELTWD 2
& ERT,

@ HwulANYRERKMELZHNT, 100 W
FCOMENARETH D FEFEIFE LT, 7=,
Hu U AR UEICKDBER Y —HE SR
DY M A HEFRT D=6, 25W £ TOHPH T,
Fal A RNUEERFHEIC L 2BE AT —
HIEHEEE Lz, ZORE, hnlU xR
1 & REEOBRIEMIC 10%FE O R K 727
ool ZORMLT L, BEERIE
B R AINLET D PZT OIEEN F /R &
RE L., BADED 25D PZT & W=
FIARE 23 E L CEBREIT-72, K512
FERAZ T, FERBOKEWIEE -, Rk
HAO/NSIWEE A2 HWEERTH D, &
OFER, BEWIRE T-REOFREN, ol
A N UEOWEIZHEEL 52 TNWDH Z L&Y
el L7,

160

‘ ‘ ‘
150 - '//\
&
g 140}
£ -
s —-Q =80
g 130r —e-Q =2500
o m
Q
S 120 1
g
S 110t J
100 I I I
5 10 15 20 25

Ultrasonic power by RFB (W)
5 KFpEE w U A b UIEIC K D BEHE S
U —HEED b

® FLH — vl A RECO TR
L7oAb S, 50K S N T — RS A o
AlREME A ERE LTz, KERBRLE T 50l
A NV EEREFEREL L TCHRHF LTV DD,
MR HETFRA DT IV—TDHTHY . NI
THEWVIHMEi 25T\ 5, 5% OMEIX, BE
WIREN T OREC, K E L IRET ARE
DORR 72 Bz oW TSR 3,

() %y 7 —v = ko REHUT
D%

O Ay EeT—Ta v 238EL
7=

7 7 U Vg
X6 F¥ET—a OB



77 IUNVORNENC, TET A L—F L LT,
JEE 5 mm ORI AR Y Y EE LT,
SIS AR P ONAIERIZ, JEE
HOumDARY 7 b=V F > 7 4 )V Lk
ELT-, TOBMIKKZX 6 Z7RT,

© BIV & 7KEKDOEFIEFRIRE ., SCL & D
a7, IEFRRIEEORREZK 712
T, K7 ORRNL, ¥y T—vark
UHIZ XV IE L BIV 1%, ZREKDOEIERE
FREIRGFET I ELMHER L, £7-. BIV
IZSCL OFEFEHE L EOFENH 5 = L & ff
HL, EORRIZEY . BIV IIF vy EF
—va HEDEFTOHLIEEZOND,

0.05

0.045 -
DO level of 8.3

0.04

DO level of |
2.3 mg/L

BIV (VEHz)

0.035

0.03

0.025
0

200 400 600 800
Sound pressure (kPa)

X 7 PEAFRESRIREEIZ L % BIV OZAL

@ AKFENDOF ¥ ET —3 g DL/ %
HET 5722, BIV & FES i &2 HIE Lz,
A5 W IR ED 72 1 2 FRY) B I EEE ORG
BEX 8 ITRT,

: : ‘ ‘ —0.12
1500 H - I
—@—BIV ;o
ST N Y loa
=) "
2 0.09
Z 1000 2
g 008 2
2 007 §
g " Do
g 00F R 0.06
W WY .
IRV IRy Y ® Jo.0s
¥ ! ;
[ - } L I - 0.04

-80 -40 0 40 80
Position in horizontal direction (mm)

B 8 /K & SEATHNC R 1 D BIV & FIED AR

X 812KV, BIV &FED &K DAL
DT LR LI, WE ORKEN L
WK Z /9 5 7212, SCL DR A
S L7, SCL L, KENOXy ET—
3 UNTIVORENEEBIETE D, EBRO
R, SCL 0L, RTANLDEFTTH
% BIV O RO EN—F LT-, Lok
REReT 2L, BB oL ECiE E
M EICHAET HEEROFET, NI N
DRI N T T ENR ST EBRE &
LCHERIEN D, FDi=d, BIV 2l

T L, fiRkE LTEHEEDORKNEDLE L
—H Lol tEZBND,

@ WIZ, BE 2mm DO EZEMSRET v BT
—va o aREt - BIEL. BEEREHK
JFRD BIV OZEM A2 HE LTz, X9 Ofb
BRICX Y, KETED BIV 25, BRENE R D
PHRETHHH 5 mm AP TOMRIZTHZ &
WA LT-, EIZ, SCL T, #95 mm [HFE
TRAELTWAZ xR L, 2D X HIT,
BIV 4341 & SCL OF45540 & OIIFAREI A
L ERbhol, @L@ODFERNG | BIV
ERAWHZ LIZXY, KFENOFY BT —
a VAR, ERED LEBICHET D
TENRRETHDHZ EEFEFELT,

T
— 80 ;
g ;
E 70 petmata—
2 —_— —
£ 60 =
2
£ 50 ——
T“)’ 0 —
i =
z 30 N —
g -
g 20 - e
2 10
0
0.095 0.1 0.105 0.1 0.115
BIV (V - Hz)

X 9 BT T 5 BIV D21l

® & - AWFZETIE, BIV 2 7=%
Y BT —3 g UEABROREBENIT O RN A
RUTe, b OMFERRIE, HRIZR T
LD TTH Y, i CREBEERICB VT,
WAL S EL i s, 4%iF. Fv b7
— v a e Y ORERHMES, BIV (X5
T RE I DM AT O o

5. ERFEERE

(MEssEm ) (Gt 8 1)

O NEHRE, MAE—. HMthiEF .
Measurement of Amount of Generated
Acoustic Cavitation : Investigation of Spatial
Distribution  of  Acoustic  Cavitation
Generation Using Broadband Integrated
Voltage, Jpn. J. Appl. Phys.. Z#Hif. 50,
2011, O07HEO1-1-07HEO1-4,
DOI:10.1143/JJAP.50.07HEO1

© HHAEH. THNE— HhiES | A Study on
Spatial Distribution of Cavitation Generation
by Using Cavitation Sensor, Proceeding of
Symposium on Ultrasound Electrics 2011, £
Pl 32, 2011, 389-390, DOL72 L

@ zHmiE® ., NHXE, Calorimetric method
for measuring high ultrasonic power using
water as a heating material , Journal of
Physics: Conference Series 279, #at A \ 279,




@

®

2011,
DOI:10.1088/1742-6596/279/1/012012
NHRE, EEHE. THNE— fiblE
% . Investigation of Output Signal from
Cavitation Sensor by Dissolved Oxygen
Level and Sonochemical Luminescence. Jpn.
J. Appl. Phys.. &HF A . 49, 2010,
07HE03-1-07HE03-2,
DOI:10.1143/JJAP.49.07HEO03

WHRE, TNE—, HH{ES, Study on
Measurement for Amount of General
Acoustic Cavitation —Effect of Dissolved
Oxygen Level and Acoustic Streaming-.
Proceeding of Symposium on Ultrasound
Electrics 2010, & RifE, 31,2010, 367-368,
DOL:72 L

NHRE, EEHE. TRE - fiblE
% . Characterization of output signal from
hollow cylindrical cavitation sensor, Acoust.
Sci. Tech, ##FEA. 31. 2010, 199—201,
http://dx.doi.org/10.1250/ast.31.199
WHRE, MTANE—, HH{ES . Study of
Measurement of the Amount of Generated
Acoustic Cavitation : Relationships among
Broadband Integrated Voltage, Dissolved
Oxygen and Sonochemical Luminescence,
2010 IEEE International  Ultrasonics
Symposium Proceedings, ZE#iME, 2010,
2223-2226, DOL72 L

(3R] (Bt 281F)

©)

W R & . A study on Spatial Distribution of
Cavitation Generation by Using Cavitation
Sensor, MEW L7 ha =2 2D HHE
CISHICET 2 v Ry 7 A 2011 4 11
Ho B#R, R

N HEHK&E. A study on Measurement
Technique for Amount of Geberated
Acoustic  Cavitation (Investigation of

Broadband Integrated Voltage by Comparing
with Sound Pressure and Sonochemical
Luminescence), International Congress on
Ultrasonics 2011, 2011 42 9 H | University
of Gdansk, Poland

N HEZ . Study on measurement technique
for the amount of generated acoustic
cavitation -Investigation of the
characteristics of broadband integrated
voltage by using dissolved oxygen level and
sonochemical luminescence-, WIMRC 3rd
International Cavitation Forum 2011, 2011
47 A, University of Warwick, UK

T E—., Analysis with equivalent circuit
for characteristics ofhydrophone with
hydrothermally synthesized PZT film and Ti
front layer, BEWH =L 7 ha =27 ADH
HELISHICBET 22 AR YT AL 2010 4R

12 3, BHRREE, HOUH

N H 3 & . Study on Measurement for
Amount of Generated Acoustic Cavitation
—Effect of Dissolved Oxygen Level and
Acoustic Streaming-, BHFHETL 7 fr=
7 ADFRELISHICET LV VRV T L
2010 45 12 A, BTERZ, HOGH

T E— . Hydrophone with hydrothermally
deposited lead zirconate titanate
poly-crystalline film on titanium film as
acoustic receving surface for estimation of
high power acoustic field by HIFU, 2010
IEEE International Ultrassonics Symposium,
2010 %= 10 H. Convention Center, USA
WHE &, Study of Measurement of the
Amount of Generated Acoustic Cavitation :
Relationships among Broadband Integrated
Voltage, Dissolved Oxygen, and
Sonochemical Luminescence, 2010 IEEE
International Ultrassonics Symposium, 2010
10 A. Convention Center, USA

% wh f5 % | Calorimetric Method for
Measuring High Ultrasonic Power Using
Water as Heating Material ., Advanced
Metrology for Ultrasound in Medicine, 2010
# 5 A, Teddington, UK

(£ Dfth)

R

D=V

http://www. nmij. jp/ acs—vbr/acs—ultsn/

6. WFIERER
(D) BFZe s

ZiiRva
WH5E

fE5  (KIKUCHI TSUNEO)
TTEOE N PE LR G RFSERT -
BB - BHE

AT E

WFFeE 25 + 90356866

@) BrFE M
PWH  ## (UCHIDA TAKEYOSHI)

MSTATEUIE NPEZELMTIE AR FERT -
WHoe

FHIR e
HRF - BFZER

WFFeE 25 + 70455434

Fix
MSTATEUE NPEEBANF AT IERT -

PE— (MATSUDA YOUICHI)
FHAEUE

WFFEEER « FARRF9EE
WF7eE %5+ 00358029
= IE# (YOSHIOKA MASAHIRO)

MSTATEIE NPESELMTE A AIIERT -
WH5e

FHRIPEAE
HBF - BFER

W& %5 60358322

(3) LT T

PrN E— (TAKEUCHI SHINICHI)
FAPERRIE RS « [ 12850 - 2%
WrgeE 35 1 50267647



