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Development of a Laser Deflection-type Ultrasonic Wideband 3D Imaging System
for In-vessel Visualization in High-radiation and Non-visible Environments
(Contract Research)
— FY2024 Nuclear Energy Science & Technology and Human Resource Development Project —

Collaborative Laboratories for Advanced Decommissioning Science,
Fukushima Research and Engineering Institute
Japan Atomic Energy Agency
Tomioka-machi, Futaba-gun, Fukushima-ken

Institute of Science Tokyo

(Received March 9, 2026)

The Collaborative Laboratories for Advanced Decommissioning Science (CLADS), Japan Atomic Energy
Agency (JAEA), has been conducting the Nuclear Energy Science & Technology and Human Resource
Development Project (hereafter referred to “the Project”) from FY2019.

The Project aims to contribute to solving problems in the nuclear energy field represented by the
decommissioning of the Fukushima Daiichi Nuclear Power Station, Tokyo Electric Power Company
Holdings, Inc. (TEPCO). For this purpose, intelligence was collected from all over the world, and basic
research and human resource development were promoted by closely integrating/collaborating knowledge
and experiences in various fields beyond the barrier of conventional organizations and research fields.

The sponsor of the Project was moved from the Ministry of Education, Culture, Sports, Science and
Technology to JAEA since the newly adopted proposals in FY2018. On this occasion, JAEA constructed a
new research system where JAEA-academia collaboration is reinforced and medium-to-long term
research/development and human resource development contributing to the decommissioning are stably and
consecutively implemented.

Among the adopted proposals in FY2024, this report summarizes the research results of the “Development
of a laser deflection-type ultrasonic wideband 3D imaging system for in-vessel visualization in high-radiation
and non-visible environments” conducted in FY2024.

The present study aims to maximize the safety of debris-cutting operations by enabling visualization of in-
vessel structures, fuel debris shapes, and scattered particles at distances on the order of several meters, even
under dusty and turbid water conditions during work. To achieve this, a compact and portable ultrasonic
device suitable for mounting on robots and manipulator arms is employed to develop a laser deflection-type
ultrasonic wideband 3D imaging system. In FY2024, the project carried out imaging performance evaluation
and studies for the advancement and acceleration of the ultrasonic imaging system, numerical simulations,
prototyping and full-scale verification of the system, radiation resistance tests, construction of a sub-
millimeter ultrasonic ranging system, application of the ultrasonic sub-millimeter ranging system to LIBS,
as well as battery-powered remote operation of the measurement system. These outcomes are summarized in
this report.

Keywords: Decommissioning, 3D Imaging, High-radiation, Non-visible Environments, Laser Deflection

This work was performed by Institute of Science Tokyo under contract with Japan Atomic Energy Agency.
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xR ASF L, BRI L= RNE, 20FZEEE b 5 — o'/ EICEE L~ L
FE— N7 7ANCEVZNT S, Zhicky, BAMICESR LB S a—% 1L —
PHICEVZET D, B, KVATATEHERIZEID L=V DRERBESREZFIHL T
a—%5 2952 Eh5, LDER (Laser-Deflection—based Echo Receiver) & FEFRT 5,
FPFEELIOEE Y 0 —T o EEZERRAELHER L., X 3-2@) b IZrnT LD
2y L—WSEE s X O T [ E U O T AR E-90° ~90° D5 D
B VAR L, ZOZERENOZERAELHR L, K 3-2() (i, L—F
S JE 7 ds KOl T M2 E R ORE R Th Y | BRI SRR, TR A
TR LIZEFRETH D, L—INflEF Mo Tk, =a—2Bk G mIcBfR7 <
BIHRE DO L VIRAANRED 2D, FFE-EDEFHEETHY . BIRAIEZ(E 2 ]
RECTHDZ LRI NTZ, £, BB OV TR, ARAREINT 52 o GlhiE Ae
FRDEITRARD /NS < R H 72, [FERENRED L, mwiamdE (CHEbE 3.2° ) &
LT EDNHERINT,

(A converer

Computer
(LabVIEW, C++)

Laser controller
& Laser diode

Single-mode fiber

=
(1]]
=
L
s
o
o

Si photodiode
& Amplifier

Multi-mode fiber

Optical cell

Right-angle
prism

1 Ultrasonic echo

Water

(a) ¥ AT LHERK
3-1 /KA LDER

3-1
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Normalized intensity [-]
o o o =
= @ @ o

o
[N}

o
o

(a) L—HFE—LJEHIh (b) L—H & — Ll
—— Fitting line
Zos
£
£os
2
T 04
E
—— Fitting line
-90 -60 30 0 30 60 % 0% -60 30 0 30 60 %
Receiving angle [*] Receiving angle [*]
(c) JEJ5 rmfiR (d) 7 rlfis 4

[X| 3-2 LDER ZZ{Zf5[mM

BEW A A — 2 U TR ERSCIFEER A/ IIZ BN TE L O RN 2SN TEBY . Zh
F CTPAI (Phased Array Imaging). FMC/TFM (Full Matrix Capture and Total Focusing
Method). PWI (Plane Wave Imaging). DWI (Diverging Wave Imaging) 2 EDA XA —T
THEBROBENTND, AWFEO BRZBZE L, AIETIEA A=V T DY T H A L
PERE LS, A A=V THEBEPIEN W ICE DA A=V T afatd b2 & Lz, DI
IRAIZHIMT D E R SV AZFE L, WIRNODORS - i a—%2 27 LA FZFT
2. B OABAEIZ X0 MIRIEIR 2 R 2 FIETh D, A TIR, SERIE
BT =7 LD, HM6EREIT, IKARBIEEESE LK DN HEE e —7%
BTACERET L, Yy o7 — T HRASHICRUYE AR L 72, BYEL 727 o — 7 o4l %
3-3IT/RT, AR E LT, BN AZRAEIEL-0MEERTBmDa Xy 7 AT
VAT a—H b L, FEM60° LrH L oRkE L, £2, FAESIE 10 mm, BEREF
OFEENE 2 MHz, FEIEIE 60% & LTz, A7 0 —712 L VARSI D B HIIR 2 B
B I a2 —vary Y7 by=T ComlAVE X (BHRET 7 /) VU 2 —3 3 v ApRath)
WCE VIR LT, A7 — 7 HARIC K VARSI D 7SIV A B OFR T & X 3-4 19, ¥
AT > TSROV AR IEE L FEHUAK 60° IS Tt 2 2 & 2R L7z,

3-2
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X 3-3  FEBIARK TG REE T 0 —7

Propagation direction

{=24pus  48us  72pus 96 pus
B 3-4 FEHIRGHY I 2 b—3 3 VR

FREOKFHIEEE T v —7 (LDER) BIOEEa s Xy 7 A7 a—T7 2l AbEi
KPA A= T HRES X7 2 (LDER-DWI) 35 KX OV OMERERHMEBR BE A A48 L 7o, &L
eV AT A LOWERERHMIER R 2 X 3-5 1T~ d, KEa Xy 7 A7 m—7 1%, HIE
ANLTAANT —BER UL (JPR-600C, ¥ v Ny 7 u—7 A EH) 12k v Rk 4
L, A A= 2 TXGIRD D ORS/BELE = 2 —% LDER IC L W Z8%ET 5, 2
DEE, ZRZETLHLONEET 0 —T 2B ERET 2, ZEMELEET L0
Wb D, AMFIEHAERE T DT 6 42BN TiX, LDER-DWI O S EIED 72, EE) A
TV RENEEEET LI Coa— G~ NI VAT — 2 255tk E LT,

3-3
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Rx opto-acoustic probe

Tx convex probe_—j

/ Imaging™,
f=—region

a,r,}?. 0 jed’ts

I35 KA A= TS 2T A8 X OWEREEiBR 55

ZELIena—ER~ N 7 A7 =2 L0 WEERmEIREZ FERT 2720, BOAK
TNAY ZALD—FETH D DAS (Delay-And-Sum) Z AW EHA A=V 7Y 7 v =
T EAE A AESE Lo, LDER-DWI (I K D2MIRRIETZIRA A —2 0 7 DFEREERE K 3-6 TR
?o%%*&R@nyNy7x7u~7;D%ﬁ&%émb IR &0 SO - HEL L
Jemz—% LDER I KV ERE (v, D,y D) I CZELIZET5H, 22T, bAF&3CF i 1L LDER
WK DZENMNEA T v 7 ATHD, 2/A/7X7D TR BB SV AEZERFL
LDER IZ XV ma—% (5 LIz & & | BEE (x9,0) IcBIT 5= a—[F5 0 (z)7b>?%%ﬂé
FMEICCHEOREZZa—FRCR L, B &¢mﬂ&@%%ﬁkbtpxﬁﬁ
BHERTa—ET s OEEHT 5, 0%, DAS T /LI U XAIZLY %%%k?ﬂz,ﬁi%%‘ﬁm: 3
T OMERRER D 2 ITWia G &2 HEET 50 JEEE (xp,yp) 1281 D= 2 —FREE (1] 5E{H)
ZRHT D720, HHEE (), BT HBER LV ARENOZEE TICET BT
WARIRIER 25 H T 5, MEW SV RAEZERE L, 4 A=V THEE (x,,y,) (& TH - ik
L. EE (69,5,9) [ TZET D E TORMEER Q3R cHEond,

\/(xp — xt)2 + (yp — yt)z —R+ \/(xp - xﬁi)) (y - yr(l))

c

t(i)(xp'yz:) = @

ZIT RIFaUVRy I AT =T OB x, y XML, o TR
WTH D, IR REZ FEREEIC ST ARz a—FrE2R LabEybZ & T,
FEEERE (x,y,) (BT HHEHEME (FEME) 2HET S,

Ny—1

PEACIESS)

i=0

(2)

Ipwi (xp: Yp) = WxcrF (xp' }’p)

T I T, Wyepld B — L AfR# (Coherence Factor : CF) TH VY, —fRITHEF KA A
— U IR W CHBA LS REREZ 1A E S E A7 DICE A S, IKIEERE DOYE ONFE % 5
flid 5, EHEBECBT A EZE=a—E5OMBIIRATH NS,
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1 Im [51%) (t(i) (xp' }’p))]
Re [51((? (t(i) (xp, yp))]
Z 2T, Re[ [BEWIm[ IFERBICBIT 2 E B LOERE LT, CF & L THERFEA

DOFENRREINTWDD, ARHFZFETIL CCF (Circular CF) 12 X B BT %2 -, CCF
W LD EAFTRET, AKXV EHES,

¢ (x,,y,) = tan~ 3

weer(Xp, yp) =1 — Jvar(cos dD(x,,¥,)) + var(singp @ (x,,v,)) 4
Z T, varOIE o E £,

) (x4, yr)
OGP AT R—=F 4
LDER |2 & 2= (B

o v/

y e 0000000000 0000
| =012 “-oN-1
X

Image pixel

i 7

3-6 LDER-DWI (23317 2 FEFE 4

R LA A= TR AT 5 THD LDER-DVI I KD EHIBIRA A —T 0 7 DF)
VEMER A I LTz, 4 A=V v 7 EBROFEFREREZK 3-7(a) EFRERIIRT, 4 A=
VIRGRE LCT T UV BRESET 7o, KIIEEFER L, AWK E L7z, LDER
IR DZEMEIZH 3-TDEHBY ThHDH, RVATAIEIVZa—EFE%EL, HEY
T TICKOREBIRA A=V 7 LR EZ 3-T(b) A A=V ZHERITRT,
ARy AT =T ORI BT L2REBIREZL A D ZENARETHD Z &2
Wiz,
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Unit: mm
ANIIATOT R ics mEELE
e ou =i
z, X \Etj / \ | 1 |
T e g D0 Ly Water A
y ciea750) "1 (o) 117 (keTs0) 0 7 : -30
e g
5570850 g \
=G 4 X -35
075 vy \
o ’l \\
Imaging plane F; % —40
l, \\
= 200 ’ \
2 ¢ -45
8 £ i kY m
c ’ \ =2
‘g ’ A 2
k] / v -50 £
Q ’ \ 2
& ¥ \ @
£ b =
g Fd ; -55
O 400 | v
-60
-
% -~ ' <5
S = =5 "
L = I 1 -70
=200 o] 200
‘ Lateral position [mm]
7% 707 113 36 155 \ 113
wall ' ' L Wall
==3 ~ 335 S
(a) EBRLR (b) A A=V v 7 HER

[X] 3-7 LDER-DWI |2 X B2MKIEIRA A —2 0 T EREZB LI OA A —2 0 TR

AIFFRPVFEEIZBNTIE, EE T e —T 2 HWTZBERA A=V TRV AT LE
L, MEIRA A=V U T EETON—FU 2T BIOY 7 by o 7 HMBEEE LT,
BT EELEIL, U TNAE A DA A= 2 ZITIANT 2B A B ALER O S d A Loz A5 S5 D
AN—27e EHRFT A TETH D,

L2 MEHEM Y 2 b—r a3y (BERUE =X —RE TEM5EHT)
WEET 0 —T ORRBICE L T, ZOBERIZET 2FELZmFT 572010, BEHKIC
B3 2 BT = — REEITT D7D O FEY — " ELZEA L, BE R = —
K& LUTSWAN2L A LT, Fo, ZORAEOTDOBREMELZIT o712,

® SWAN21

SWAN21 (X, V¥ Xr 7 a—T7 RSO 2 KTl E R EIREERT 2 — FTh 5,
Bl U ClE, EUEAY72 GUT (Graphical User Interface) |2 & 2 flfHLE{E, GPU, CPU &
B 7 OWHF RS BE L@ RO RS, fth (P ). Bk SV ¥, Lk SH ¥,
T A R, R OGIRIENT S ARE L > TV D 2 L ViBillE, % v 7 Lk, TOFD (Time
Of Flight Diffraction) %72 &% FIEDO BT BARIENT>T LA o7 OFEAT, 43R
BE W fdT & FE G ERA[REL 2o TV D 2 e TH D, YANE LTUE, BERS
AN 2 0% O MER L TV 28 A[RAE/01E (Elastodynamic Finite Integration
Technique) ZHWTEY | ), HE, BAEZHEL TS, AN EBE, 1)
TG, HE, BALETDH I ENAREL o TV B[],

(1) FHEZM:

WS 0 — T\ ARSI ET Y I 2 L— g VEMEIL, FOFINEE SN E
RIZBEH LT, B IGO0 YEFE LHRO S 2, K 38D X272 2 kit e Lz, 3HE
TR O ERFITEE IR OFERE 2 W OGA IR, Ko X5 icHo—5H (ML) %
FHERRE L3562 L CRELRMR L, £z, (W& O ISR EHRE) 1 2 B

3-6
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ELTEBRIZBWTHERZITo 7, RO FEICIE, BHEEA KN T 572500 ¢ 1 mm O
AT U VATAR IANMEREZEBRL CWD LI RBIREFE L, £72, BIROSM L
OBEFEITRIEER E L, ZORIRTAT U LAY VIZHT=D 3 5 Hilk->TL Dl
FHOHFITB L T, R ERBFOEICHRE Lz 12 FOFHIR TORT 2T 25 X
IR E L THEZIToT-, EETOIEEWHIL2 Mz O 1 EESE LT,

FHRICIIAFE TA LR — A Z W, ZORE— DRy 7 28 3-1ITRT,

# 3-1 FHEV— O F7pfbEE

CPU Intel Xeon Gold 6542Y (2.9 GHz, 24 cores., 60 MB cache,
250 W TDP)

Memory 256 GB (DDR5-5200)

SSD M. 2 1.92 TB NVMe

GPU NVIDIA T400 4 GB PCI

0S Windowsll Professional

SWAN21 DR EE LT A v ot A X% 0.03 mm, BRI REES 0. 0035 ps L% E LT,
FTOWAE, A v a0k 8,900 H ke, BRI L E 12 hBBEEZE L, $7-.
HER AKX 3-8 1TRT,

4 3-8 EEBASIRZEEENE SRR

3-7
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(2) FHEAER

EERMBEEEIORR 12 o0 T, (@) MRRERS . (b) ERREEEREES oz
ZIUZB LT, )49 20 us BIBER) . 1150160 us (AT > L AT A ¥ TORSFAED)
i11)49180 ps (AT VAU A V¥ TOREHE), iv) K310 us (FFHAIZEI=E TR T
DEHBERBEOFETZK 3-9 1R T, 2B, K 3-9 Tidx Hk& y FROEHRENIC
DNTRLTEY  FERITEMD 0, ENRRIZEDIZEEMBPREN EEZRL TS,
KX % B2 TR OMHE CEEZ IR AHE SNGI ST LT D03, TRLISMIFRC
RERRZEEZ LTS AR,

i) 20 ps

||||||||||

iv) 310 ps

ti1) 180 ps
(a) MRIR(ZIRE) -
3-9 SWAN21 (2 K 2B H s EEE (1/2)

3-8
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D) 180 ps iv) 310 ps
(b) EARRBEIRSE) T
[X] 3-9 SWAN21 |2 Xk 2 & sies:haEtE (2/2)

eV T, LR CORBROFEMEZRFT 5, K 3-10 1M ORERE 74 iz

AOREHEIHFITAFVES 1 BEIRT O x FH, vy FHOEMEZRLIEZLDTH D, 72
B, I THERKICEIDEFOAREZRL, BEROZEIIT Yy FLTWD, 3ARDUA
YO 3EIOKFE RN FIFL 320 ps, 340 ps. 360 ps H7ZDICEFEL TWA I &b
MDIED, BHNZEE L TV DX y BN ER D THDLZ D, M THDHZ &b
M5,

1.00E-02 1.00E-02
5.00E-03 5.00E-03
i “ ﬂ
Ml M el - i UW i
M l fe 3 0.00E+00 1 , -
0.008x 00310 H1s| 320 ;?25 330 335 34%945 1350 388/ 360\ eg 570 a5 B 310 315 320‘32 'H“%o 555 34? \’Nﬁad 355 36f) ﬁgﬁ”‘ﬁfvo‘“ 375
I ' ‘ : i | i
I " I g
s
-5.00E-03 Q -5.00E-03
—1x —7x
1y 7y
-1.00E-02 -1.00E-02 )
Time (us) Time (us)
i) FHEE L ii) FHALE 7

X 3-10 WRREREFOBEOHE 1 BLIOT TO x, vy BAL
GHALEIZ DUV TIEIK 3-9 2:0R)

3-9
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DT, BERIRBEEIRE 72 AW G A ORBROMAZK 3-11 1271, HEOBERHIXIZ
EEDLRVD, 2FBICEE LIZEORENSKE L, ZORENRHIHGEV, 2FBI
BET LT, MTOFHDOAT LU LATALXYDI) LHROEDTH DA, EARROFEERE
B+ DEA TR F O DE L NP RO T A YICBE L TRH L, FHISICS fr ko
TAXICEDFHENMH S TR 2 E08bh D, KRR CTlEkd s &, MRS O
BEld1EFB, 2FH, 3FH LIZEFEAFEORIBEOBERNIKYD . T DTN EL THD
DIt LT, EARRIEE FOSA1T. 2B HOB U EHNHIR>TL 33 7 F VB LTI
REL, EPOLDIINESL 2D ZERNLIY | SHTOBRICZEDRHENR DD W EE 5.2 5
AREMENE Z HND, AR TONFTE T o — 71, IFFEFICE 257 7 U UIkiEEDR
RELTHWDHEEE LTEBY, TOHAITAVEHORIREZFHIIT20ERD D, T
LA, AIEOEOF I HREDORE SOBTEENIR - TL 21K, ThbbiMAloR(EE
BT OIEIDIHFE LN &R, FHEBENSIHLNE 5T,

1.00E-02 1.00E-02

5.00E-03 ﬂ ”

I
0.00E+00 e
310 a13| |agg) “I:'!' 330

ﬂ n 5.00E-03

i i

LU n
AN Mietia oooeson —— AN i g TCARRIM ML s ML L
%“‘} | 5 310 315 '3p0) 328330 335”Ubdb yﬁfﬁlwégb' T

570 ' 375

e
J -5.00E-03
\

‘ l “‘Hu‘b‘l”\
33 48 350 355

Displacement (um)
Displacement (um)

-5.00E-03 “

—1-x

-1.00E-02

—
Time (us) : ooz Time (us) =
D) FHELE L i) FHAT

X 3-11 “EEABEEIRE FOLEOHMS 1 BLIOT TD x, v E)L
GHALEIZ DWW TIZK 3-9 & R)

FREOFEZ b &1 BERAEE P OREHTE LT WVROTRR G E L & LT,

3.1.3 AT AE L A — VRGE

(1) HEET o —TE2HOTKRP/ JHAEHBERA A=Y 7 27 LAORFE L ORIE
AWFIE T, PER O FREBFERFZ TR DI T 8 H I s 5 A aHili%E  (UVP : Ultrasonic
Velocity Profiler) #MW-#BEikatils 27 421 3] [4]105][6][71[8][9][10][11][12]
DB ZH LI, BEKREEE L THERBZRENPRBHELIT > TE 7 VP
(educational UVP) Z V&M L7z E R EMESAE A fFRITID AND Z LA &EHIC, HEE
Ia—7 W AKE SRR ENENOERBERA A= T AT KERRSE - FRIEL.,
ZOREMEBEW & o ORREGRIESCZERYEEE T 0 —7 Ol & o' o Y1ERE
M LHAL N E T2, BEWEA A=V VAT AOEBRBICR T 2 ERLEZBRFT S
72, X 3-12 1T L Hic, HEBRRENET 2T v 7 7 o 7B R O B
FOSBEEITV, FERAEMRET O EZBRIZ M) 7= % s 217 - 7=,
AW TIE, AR RRMIRERE T (K« I A b - @fER L) 1280 THEED R E
T 7V O IWIL AL E RELT 572012, L— R ENC X D IR S 5 Bl [t
HFE 7o —7 1B L, KPABIORHPHOFABERA A=V I VAT AEZNE
FUBREE - RIE L T2,
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X 3-12 &Ebt¢ﬁﬁ%y77yfﬁ%%ﬁ

O HHFBET0—T 2 2T AORYK - RAIE

ELENGFET 0 —T VAT AOBKRZ X 3-13 1R, PEELT 7 A N L—W
HEENG, AV A=FEIEE LR T 7 A N =V 20 | BT 7 AN &
ST 7 A N —F Ol EICEE R A RN 5, MRABZICEY L—FE—L4
SR DT T 7 A NTEG LB EEREFEZREHIETH D APD
(Avalanche Photodiode) o/ N—X TF X NAZEICEH L, 40 A a—7 CTalfi{L
T5H, ZHUTEYD, HTHEREABIAETE T o —T VAT AEMEE L, HEET o —
TYAT DERWIKR RGP HERBERA A=Y T VAT LR 3-1412, EET

H—7 VAT AEEOWEEREEZ X 3-15 13, Rz, JERHCHA L7z a&b7/
AT a—Y Rk 3212, L—PREEREZE 3-31T577,

KN F T DGR SV AZAERTIE, & 635 nm O A L —H& v, KfTo
IR M 2 15 70> L TR ol - 3245 2 B e L7z, BIRICIT @ ) o8k L — % 4% |
IRV FTARIE RS L7z APD  (APD410A2/M) % $#5#k L 7=,

—J. KA TIEZER T TOHGL « WIN A i/ NRICHN 2 5728, R 1,550 nm DR
L —F & N, RFEN S D E—AE= Y A—H 2 Ko TEE &, ZIEITILNIR (Near
Infrared Ray) HUICmI&EE7e APD ([AIRUERE ORI RAFE) 2H L7, 7'n—7 KK
TR T VI ER TR S L, IRERIR & LT AR — L Fb i ST g
TN 2O AT L, @O FEREFEICHESE RN 6 6 TN OEHRE
Ok /&) IRk S TR L 7r o TR Y | ISABUE O SRFITIE Ul ke v AT
LIEBANFTRE CTH 5,
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PULSER RECEIVER

LWT ol

Ultrasonic
Transducer

N

< Ultrasonic Path

= MMF

Collimator
Laser Source 58 e i Photo detector

3-13 RTE S —7 AT AR

pwY/

1. Optical Fiber 2. Collimator 3. Labjack
4. Optical Fiber Laser 5. Optical Fiber 6. Ultrasound Transducer
7. 3D stage 8. APD Coverter 9. PC

10. Pulser Reciever  11. Oscilloscope

3-14 NHEETo—TEHWKP/ [P EABERA AV T VAT A

3-15 fﬁi*ﬂw o—=7 vx—fA;@B‘frOD{E'J

3-12
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32 BHEWNT AT 2 —H &
BERNSURTa—Y—

aall BYE3 5% REFHAX
KPR
1 MHz ¢ 13 mm
2 MHz ¢ 10 mm
4 MHz ¢ 5mm
8 MHz g 3 mm
STZE
200k Hz 14 X 20 mm
1M Hz 14 x20 mm

# 3-3 L—¥RFE
LR R
K S2ME 635 nm (RTR )
[P Z{E 1,550 nm(A A FRE)

@ HTFETo—T L RAT AW NTET 0 —T v OB% - R IE

WEET 0 —T VAT AEIGH LIZEEE T v —7 v O - BIEEITo 72,

B 3-16 BEL O 3-17 (R $ K 91T, BRI E BB 2 HOE BT v —T7 2 4
Zaket Lo, BFEALEE T 0 —7 2 o PORIEICOWTIEL, K7 74 S —F0 b
ENEL—PHFa ) A—Z 2> TE—LMRIZER S Dove 7 U XL Z58 U T2
W7 7 A NZAHT 5, Dove 7'V XLADEEIZITEER P EEE L, 77U XANET
A VA BRI SEAE A Lz, BERIIZ—7y b RS L%, B0
D—7HICAK L, EE5&2%ET5, 7V XLDEET20 mm & L, EBRTHEM LA
2016 mm 2 MHz BHF P NREH LW S&&GE LT,

BT T 0 — 7 2 2 OWTIE, TOAFBNRT ERBD ., Te—7ne
DOBIERICEH L T A2 #EEE b e Th 5, ERREEFET o —T N7 e—
THEEERS ¥y NNICEEE D DIk L, B EE Y —T STl 7 m—>7
FEPNHEBRE R 2 BEEED W EVRH D, BB EE T e —T YT, Te—
T AN T CREBE N A BEEET S LRENE L T D, Lo T, i
BN IT D HFEETE L THOW LN ZAERIRO T ) XLANK#ETH D, SHIOF
T, TV RLEBNET HEW 2Ty M LT, 51 12.5 mmxX 12,5 mmX45 mm,
PSF 10 mmX 10 mmX 42 mm O — 72T ¢+ AR/ EHEH LT,
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= 3-17 %Mﬂﬁ%“7u—f

(2) EEMBE I Y OSSR

EEAEE R OB E SR Z T 5720, AREREICES S BEE RIS

Ral—var Y7 hy=T SWAN2L 2R WTESANT 2 3206 L7, X 3-18 (2R L 912
TWFETOERE I SHTBOEESMAICONTY Ial—Ta il Lo Tk L=,

EI&H(EZ@V:L T1IMiz ThD, £7-, K 3-19ZR-T X2, AIETHEM LZKTHH N
TUAT a—Y% (F 3-2) IOV, BHEREME Y I 2L —va il Lo Tl LT, K E
2B IRE SNTEFE IV A, RIS U TR T 5, 3-19(c) (D ITRT X oIz
EERBCTEIRED NIV T VAT 2 —F bk E SNBEER VAL, BENEL
SVFRNFT TV DA A= I THRESND NS a8 e OfiZ &2 &, s
DEELWEZ X BiLDH, K 3-20 ICHEEREHE 55 40 mm, 80 mm, 120 mm, 160 mm, HimT
DR L B REFIEORAKRERT, ifmm,mkiov\f\ AR L BREEITIEDOFHEI A 2
bid, o, K 321 ICEHAIZBIT HRTETHEH LIZKFH N7 VAT 2 —H LR RE
JEORRERT, BERBEOBEN N7 AT a—id, 1 Mz 02 Mz OFEH 7 2 A
Ta—HF LB LT, FENE LW EREEMICL RSN, Lo T, BRESFHEDOE
SN SBEREARE L Mz, FFR 13 m D hT AT 2 —FICFERH D Z EBNRBEN
Too —HTHEMEA A= 71BN T, G LB I IZ EOMER & 5729
FNT 7V DA A=V TIZBWTIE, Rl RGO E &5 B0 e 22 X 2 s Bk
IAEBLETH D,
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100 -
120 -
140 =
160 =

180 =

200+ 11

[mm]

80

100 = 00 100 =
120 = 120 =
140 = 1 140 =
160 = 160 =
180 = 180 = == 180 =

200 + i ] 200 + !‘ 200 4 1
' 0

[mm]’ taca aand [
60 ps 1 60 ps 120 ps

(c) ®FE 10mm (d)FEFE 13mm
B4 3-18 B WA 1 Mz CHERFELZ SR E & Eom

[mm]

60 ps 120 ps

(a) IMHz (b) 2MHz

60
= 80 =
100 = 100 = 100 —
120 - 120 - 120 -
140 - 140 = =
=
160 = 160 = 8 160 =
2 ,

180 — 180 = 180 —

140 =

2004 0 1 4Ly 2004 ¢ 1 11y
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