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The Collaborative Laboratories for Advanced Decommissioning Science (CLADS), Japan Atomic Energy
Agency (JAEA), had been conducting the Nuclear Energy Science & Technology and Human Resource
Development Project (hereafter referred to “the Project”) in FY2022.

The Project aims to contribute to solving problems in the nuclear energy field represented by the
decommissioning of the Fukushima Daiichi Nuclear Power Station (1F), 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 FY2022, this report summarizes the research results of the “Development
of elemental technologies of hand-foot-cloth monitors for a-contamination visualization” conducted in
FY2022.

The present study aims to develop hand-foot-monitors for a-contamination visualization and cloth
monitors for o/B-contamination visualization consisting of a portable phoswich detector for measuring o/p-
contamination distribution and energy to ensure the safety and security of workers involved in the
decommissioning project of the 1F. The possibility of practical application of new scintillator materials and
devices was examined with the goal of developing such new instruments. ZnS(Ag) thick films by AD method
and rare earth complexes as scintillator materials for a-ray detection were prepared, and observed the
scintillation by o-ray irradiation. a-ray imaging was possible using a commercially available ZnS(Ag)
scintillator and CMOS camera, and it was possible to visualize contamination on whole of hands and shoe
soles. Single-phase La-GPS polycrystal for phoswich was obtained, and annealing at high temperature in a
nitrogen atmosphere was effective to increase photoluminescence intensity. In the prototype production and
basic performance evaluation of the energy/distribution measuring device, specifications for the handling and
analysis program for the acquired data were formulated based on the know-how obtained to date. Furthermore,
by combining it with ready-made instrument, improvement points were extracted.

Keywords: a-contamination Visualization, Hand-foot-cloth Monitor, Portable Phoswich Detector,
ZnS(Ag) Thick Film, Rare Earth Complexes, La-GPS Polycrystal

This work was performed by Hokkaido University under contract with Japan Atomic Energy Agency.
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3.1.1-4 ZnS(Ag)AD fFR CRyARWLEE S V) DEFERT — X L E5E
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S 1 I_ [_]Ir_] |:m|1

X 3.1.1-5 7ZnS(Ag) AD k(R CKy {AMLEL S V) DWril SEM 14

Map data 698
SE MAG: 30.0kx HV: 15kV

X 3.1.1-6  ZnS(Ag) AD GRRIA CRyAMLER S V) DOWrik EDX 8 (FEARfTIT)

3.1.1.2 AD EICEVERILT- ZnS BED a iy v F L—3 = VR

4 3. 1. 1-7 1%, H—PEofi E L3k 122V T, JAEA ICfHE LikBR e o F L —
3 URHERHN A FERE LR T D, T AR BIT/ERL L7 ZnS A o IR (P Am,
4.30 kBq) &WFEEHEE (HV=-800 V) & TH Y RA v F LIEEETA A= 7 HH
AT o0z, BEEN/ NSV LB AEEAND, TRV F—ARY MLEE— 7 2K
Loz, af@GHIFRETH D Z Ehbote, A%, JERYLICED A, off
OFHARE DA E&%H 5,

3-3
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- ¥ PP,

® 27-58F O BREOLIET

[ 3.1.1-7 ZnS(Ag) AD R Gy RILERED V) D F L— a RERTAMRE R

3. 1.2 A LEEEARAE AW o SR AR T L—Z OBR%E

VL FICRT 8 D7 SR D ARk « e i 217 - 72,
3.1.2.1 Eu(hfa);(TPPO),

Eu(hfa) 3 (TPPO) » DIEAI 72 G A A F— L% FREIZR T, Europium(I11) Acetate n-Hydrate
(2.50 g, 7.6 mmol) Z ik 20 mL |Z¥fiE &, f#PT 5, hfa (4.74 g, 22.8 mmol) ZIHWKIZ

WTF+T5(™3.1.2-1), FETIMKMKGSES, WERAEWL] A8 L, CHCls & ik TEed L
T-RRICEZEIR ST D,

CFa

0O 0 {CH,COO):Eu H O
- 0O-4- 2 )
CF:,MCF:-, H,0, rt H b @ |0 =

hfa CFs4
Eu(hfa)s(H,0);

3.1.2-1 Eu(hfa)sH0) DEHRLAF— L

Eu(hfa)s(H,0); (0.40 g, 0.5 mmol), TPPO (0.28 g, 1.0 mmol) % MeOH (15 mL)IZIAfiE X
. 3EEfMEGERT A (K 3.1.2-2. b)), =2 \RL—Z—TREREL. BB EEE
Sl AW/ Ve 5, 6{{&%11% L— X —TRIERRE L &6 N8R % MeOH THASET 5,
Brid L7zl A L v EI L, BEgET 5, osER b REDO A — LA THEL
77

BONTEEEBRZ A ) — VRN L CEIRTHBESE S5 2 L TEOER S 25
(1], F£72. Z O8N (1.7 mg) ERY AF L2 (40.3 mg) &2 ML (2 mL) IZTAME S,
HTAFMINZF ¥ A b L CHEBEEER Lo, ZOMEBRICK LT, AT ML &L=

R L7 (K3.1.2-2, F), FEBERDHHIEFMIT 620 ms & AFED v, BIEA~T
RV & B R EE TE AL (k) 122 W TR Z W TRFES o 72 (1] AypoldniElec T yp &%
NIV E R R (14. 65 s7Y) . JRITER, AF-Af BB OLIEHEME, D—"FEB O R CHE
AN T2, JRITRIIR Y AT Lo O— 72 T3 (n=1. 59) 2 A 7=, 15 5 du iz s e
ERNT 1240 s & o T,

ky = Aypon® (M) (1)

Imp

H(2)-(5) kv, MEEEHHEE T (hy) ERNETIR (D) ZREL -T2 2 AL, ZNER
370 s', TI%CTholz, @ 1L Af-4f JhEIRRETE IR DRI EEZRT, TO D 1T+

3-4
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Wiz, et ETRAR S o F L — ZEICAT T, o MBI IS 1T 2 A TIREE R O fahid
TN EE L 2D,

Trad = ki @)

r

1
Tobs = Kpt+kny (3)

b, = kr — Tobs ( 4)
rr Krtknr Trad
1 1

kny = - (5)

Tobs Trad

Bl AT —A

\
= A
Eu(hfa);(H,0) ‘/ Q \\‘ "‘é CF:’\“
PN fig SMMROR POJ@ = )
= MeOH k<:>kr / Lo-' /

i‘ \ ©/2 \\ CF3/3

TPPO Eu(hfa),(TPPO),
MUZRFLfE FHE AT )L FNIRRERGR
600 650 700 0 2 4 [§ 8 10
Wavelength / nm Time / ms

3.1.2-2 Eu(hfa);(TPPO); DERLAF—L « KU AF L UK -
T AT NIV« TR

3.1.2.2 FEu(hfa);(TPPO-Me),

Eu(hfa)s(H.0)5, TPPO-Me % MeOH H CESEHIIG A S5 Z & THA L2 (4 3.1.2-3,
) (2], Z sk AHES (1.7 mg) EARY ZF L2 (40.3 mg) & bl 2 L) ICIRREE, T
AT v A2 N U CHEBEEZ R Lz, Z ORISR LT, B AT ML &3 25
fili L7z, FEOMHEN B HOLFMIT 620 us & BES bz (XK3.1.2-3, ), BHEAT b
2O SR EEIZ DWW T (D) ZHWTHRIES o 72 (1], ZOBRITES T RIIRY 2AF LD
— B2 BT (n=1. 59) & W o, 15 O BUN RS ERIE 1110 s & le o7z, H(2)-(5) &
DRGSR R L R B TR E AL o2 2 AL ENEN 500 s 69% T o T2,

3-5
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BRAF—LA

iq Eu(hfa)s3(H20); ‘.". —\ \“*"f_/ \ lo- \
e W mns . SH

@ e \ Y/ e ey |

I/ \ 3/

TPPO-Me Eu(hfa)y(TPPO-Me),
MRURFL PR FAINT L FICRRATR
€00 650 700 0 2 4 3 8 10
Wavelength / nm Time [ ms

3.1.2-3 FEu(hfa);(TPPO-Me) s DEFKAF —L « RY ZAF L K -
FENART L« G R

3.1.2.3 Eu(hfa);(TPPO-3Me) »

Eu(hfa);(H:0)2, TPPO-3Me % MeOH H CEEEIGZ S/ 5D Z & THR L7Z (K 3. 1. 2-4,
) [2], Z O8RS (1. 7Tmg) &RV AF L (40.3 mg) & bl (2 ml) ICIRfE S, T
AFEMIZF v A b L CEEEZER LT, OB LT, BIEART b &R % 7T
fliL7= (X 3.1.2-4, F), B ENOFRNFEMIL 620 ns & AFED v, IR b
DB EFUZ DWW TR(D) ZHWTRES o 72, ZOBRICEITRIZARY 2AF Lo o—fik
72 JRHTH (n=1. 59) & W\ o, 15 DAV R E EHIE 1250 s & e o7, (@) -(5B) LD,
MERRI R T E BB IRE R L 72 2 AL, NN 370 sL, TT%TH -T2,

BREAF—I

© e, [l
v o)
Eu(hfa)s(H,0), [ /—\ 1 0= '
P-0 | P-0-| @I‘ Q—H
2 MeOH I @ ),-"II 5\0 CF3 "J
- l \ | /2 \ /3
TPPO-3Me Eu(hfa);(TPPO-3Me),
RURFL B8 FAANRT HL FYCR SRR

Intensity / a.u,

600 650 700
Wavelength / nm Time / ms

[X] 3.1.2-4 Eu(hfa);(TPPO-3Me), DELAF—2L « IR AF L 5«
AT RIL - BN R

3-6
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3.1.2.4 Eu(hfa);(TPPO-60Me)

Eu(hfa);(H:0)2, TPPO-60Me % MeOH HH CEETERLSL 2 S/ 5 Z & THR L7 (X 3. 1. 2-5,
) ZOARES (1.7 mg) EAR Y ZF L2 (40.3 mg) & FLx v (2 ml) ISR SH, T A
FARIZF v A DL CHEELIEAR LT, ZOEBEIZK LT, AT by &I EREE 2 7
L72 (X 3. 1.2-5, F), FHBENDIHIEFMIL 640 us & AFES v, BHEAT brn
OB EEEHIZONW TR ZHWTREL 272 [1], ZOBRICEITEIIRY AFLro—
W72 BT (n=1. 59) 2 AW 7o, 15 DAV B EEE E £ % 940 st & o7, (2)-(5) L1,
MAEFHRE T E RN B TR E AL o722 2 AL, 22 620 s', 60%TH -7,

. / e\ \
@ [\ [ cFs
\_R A Eu(hfa)s(H,0) [ R_ - ~ R | lo 3
4 ,» R |:'|=OR ﬁ“- | :JR_Fp:OR ..... |O ‘\ H :
4 R. '._;_L_\\ R e | 4 R. A B III o= |
Ny \ BLL L\ sy
R= OMe ' ReOMe '? e
TPPO-60Me Eu(hfa),(TPPO-60Me),
IRURXFL G FHANRT B FEICRR AR

Intensity / a.u

600 650 700
Wavelength / nm Time f ms

3.1.2-5 Eu(hfa);(TPPO-60Me) s DEFRKAF—L « R Y ZF L ffE -
T AT N« IR

3.1.2.5 FEu(hfa)sbiphepo

Eu(hfa);(H.0)2, biphepo % MeOH " CEEERN G Z S5 Z & THBE LT (K 3.1.2-6,
) (3], ZOOAREEE (1.7 mg) EARY ZAF L (40.3 mg) & ML (2 nl) TR S, 4
FARERICF Yy A N L TCHBEEZER LT, ZOHEHEBIZX LT, BEART ML ERNFES
M U7z, BN DR NFmIL 690 us & AFED oz (K3.1.2-6, F), BHALT b
VDB R EHIC SN TR (D) ZHWTRES o 72 (1], ZOBRIZEITHRIIARY ZF 1L
O—B 72 JEPTE (n=1. 59) Z 2, 15 5372 B E S0 E 1050 s & 7p o7z, Hi(2)-(5)
XU, EEENEEERE BB TIEZAE o7 2 AL, ZNEIL 400 s7', 2% Th -
776

3-7
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BRAF— I
Ph = Ph
1 _Ph J
PSo  Eu(hfa)s(H;0);
p0 ——————— >
IS MeOH Z
N <)
biphepo Eu(hfa);biphepo
MUZFL VB ‘ FENANRT L FCRIT R
d | ol
.E‘! I E
E “\| %
\_AAA_____&_
600 650 700 a 2 4 -] a8 10
Wavelength / nm Time | ms

3.1.2-6 Eu(hfa)sbiphepo DK AT —2L « IRY ZAF L U -
FEIART RV« I AR

3.1.2.6 [Eu(hfa);(dpbp) ],

Eu(hfa);(H.0)2, dpbp Z MeOH H CEEA G Z SHH Z & TR LT (K3.1.2-7, F),
Z O8RS (1.7 mg) EARY AF L (40.3 mg) & ML (2 mL) MRS, T T ZAEMKIZ
Xy A ML CHEHRZER LTz, Z ORI LT, AT b & R Z M L7 (K
3.1.2-7, F), FHIPWENORNFMIL 610 us & AFED DAL/, AT Mo H
FEEHIZHOWTR (D) ZHWTRIED »72[1], ZOBRIZEITRIIFR U ZAF L o O— 1725
P (n=1.59) Z W\ =, B O EHEEESRIEL 1330 st & poiz, K(2)-(5) L0, MEfFESH
HWEER BB IR ERBE LT 2 AL, ZNE 310 s, 81%Th o7,

BRAF— LA

T = = P -,

-l @ ) '
= e N S
i Eu(hfa)a(H;0), L SNl
T OO S o5 O fo @
= ~ “lersT Y er |

\ H /3|
dpbp [Eu(hfa),dpbpl,
RUZFL AR FHANRD ML - FOERRERR
2| £|
i | z
= ”‘|
A e ot i , shdbiuldabiebind
€00 650 700 (] 2 4 3 8 10
Wavelength / nm Time / ms

3.1.2-7 [Eu(hfa);(dpbp) ], DEFKAF—L « RY ZF L f5 -
AT kL - IR R

3.1.2.7 [Eu(hfa);(bdpc) ],

Eu(hfa)s(H.0)2, bdpc % MeOH HH CEHERILEZ SH D Z & TR L. (43.1.2-8, F)
(5], Z O8RS (1.7 mg) LRV ZF12(40.3 mg) & M (2 nl) ICIAfREE, HT *
FEMRIZF ¥ A N UCHBEEZRK LTz, ZOEBIZR LT, BIEART ML & RN 5 7

3-8
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L7z (K3.1.2-8, T), FEMBIRADIIEFFAMIT 630 us & RS biviz, FHLA~T b
SR EEIC OV TR ZHWTRB b 72 (1], TOBRZEI=REFFRY A F L ro—

W72 JEPT3R (n = 1.59) Z W, SO sl e 403 1180 st & 7o 7=, K(2)-(5) &
D IR R R E TS R o7 L 2 AL FNER 410 s T4%Th -7~

B RAF— A
Sot &) Fooe,
o-p OO b Eu(nfa)amzmz ,,)\ <_§ s
TweoH Lt | o‘ o
@ @ m) F,C/YKCF;‘ ),
e [Eu(hfa); bdpe ],
MRURFL A8 HAZNT L FCA =R
2 5
600 650 700 0 % o4 BBy 10
Time / ms

Wavelength / nm

3.1.2-8 [Eu(hfa);(bdpc) I, DERRKAF—L « RY ZAF L i -
FENARYT KL« FEEIEE R

3.1.2.8 Tb(hfa);(TPPO),
Tb (hfa); (H.0)2, TPPO % MeOH FHHCEETE RS i S5 Z & TR L. (K3.1.2-9, k),

Z OFHARES (1.7 mg) AR Y AF L (40,3 mg) & bl (2 mL) ISR S H, T AFEKRIC
Xy A LU TCHEHBEALTER LT, Z OEBEIIR LT, AT hL &=L L2 (K
3.1.2-9, ), BNBENLRNFMIL220 ps & AEL iz,

‘.:’“E)ZZ#*—A

/w\ \
Tb(hfa)s(H,0) I £
KAL)
{ YypPo ———— p-0 I @ ,
MeOH §>ﬂ/\ ( <:
( ] 3/

3

MUZAFL 8 FEHRANRT ML FOCR AR
500 600 700 0 1 2 3 4
Time / ms

Wavelength / nm

3.1.2-9 Tb(hfa);(TPPO), DERREAF—L « RY AF L i -
FNAALT BL o« B R

3-9
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3.1.2.1 705 3.1.2.8 DT —HIZHOWTESI. 1-1IZE LD 5D,

#3171 R AF L BSOS WA R RO RO T — &

T/ s TR ER s RS ERY s R %

Eu(hfa)s(TPPO), 620 1240 370 77
Eu(hfa)s(TPPO-Me), 620 1110 500 69
Eu(hfa);(TPPO-3Me), 620 1250 370 77
Eu(hfa)s(TPPO-60Me), 640 940 620 60
Eu(hfa)sbiphepo 690 1050 400 72
[Eu(hfa)sdpbp]s 610 1330 310 81
[Eu(hfa)sbdpc]n 630 1180 410 74
Tb(hfa)s(TPPO), 220 - - -

afpT T L—3 g AT DNT JAEA IZRB W CEEHMi 21T - 7=, Eu(hfa) s (TPPO-60Me) o (27K V)
ZF LU (5 wth) Ik L TCafpaBit Lzt A, o FLb—a L H58NE2HRT
=72 (K3.1.2-10), 5%, FHEOE &R MO SEKR & lbiRF 217> TV PETH 5,

T
50000 - i‘

30000 | }l \

20000

Gray Vaiue

EFIPUUES S Y b e
i i

10 15

%F—F"E‘r& ﬂﬁﬁﬁ N =5 Distance (Inches)

3.1.2-10 Eu(hfa);(TPPO-60Me) 2 7R U AF L D a fps v F L—1 a iR

3. 1.3 o MiRGHIT O BA%E

SR AEED JAEA X, IO ZnS(Ag) > > F L—# (EJ-440 (Eljen Technology) fil)
& CMOS 1 A T 5w AWT a MR RIB TX 20 E1T o7, 728, [A—0LE - RS T,
AFEECTHET LIV FL—FITEZBZT-RBRLASHE/ML TV, A7 & LTT TR
HLTWEEFHEGER CCD I AT EZHWEElEBRE2IT-o72, K 3. 1L.3-1 Ity N7 v
ERT, AAT LI rTFL— BIREEZEETICRE L, L A& UTHEAENE: 8 mn,
FE: 1. 4DV XEfn-, bOESLEZHioTE Y MAabEEITY L bIC, BEEOY A X
OFHAINCHW 2, BIRAZEM E Sty P LBRRICEET DT FL—F 2 BN, aff
PRE LT 2 MAm BJR (e © 4.30 kBq) & MW e,

3-10
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.

X 3.1.3-1 ooy N7 v

3. 1.3-2 |2 a MIRMGAE R 2 RS, EIFEB T, A2 5 BUED o REETH D, o
IR DIy DI INE VR L 72 > TN D 2 ENDN D, R 5 B TH Y | fied CHilly
BT a MONEMEAWRETH D Z L afilmd LT,

X 3.1.3-2 JFEH () &5 BHEIED o #iEE )

7o K301 33 IR & o REGOEREDE 2R, MR L FALE T o #Ro10 &
AL TE TS Z R0 D,

3-11
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X 3.1.3-3 NFWiE L o BEBOENRE DY

FRORBAZIED 5 1275 2 /L CE 20 2GR T 5728, HAAS ecm D bV 7 AHR % R
L7z (K3.1.3-4), MiESAADOAHFALNTETCNWD Z L ZMERTHZD, LFOaY A—H
PEWT, oI TR TE A 2D, EREAWTa Y A—Z2 &2 {ER LT,

R IR

D

X13.1.3-4 EESem D MU UL E LFOa) A—X

4 3.1.3-5 1T a BHRGEREREZTT, 1 BRI ORE THBRIZSCFEA AL TE 5 2 & 28
U7co ARBHIEIE, (HRMHERR S N2 58 OFEIIE 2 E L TR Y | 1 K ORI T 7 A FH
EBER DM, REFEREF LR D2 DIBLER BRI OV THFHE L TV FE

3-12
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Thsb . BB, M7 ABIEOFSEEIE 14000 dpm (59 233 Bq) Th H 70, FifHE FEIE 233
Bg /19.625 cm® = 11 Bg/em® Th b, ZD L L DIERTHIVUIAHMENARETH AL Z L %
R L7,

X 3.1.3-5 LFEDO Y X —H Ok R

F7- HE AR L7, BT, 176.2 mX176.2 mm TdH o 7-, Z OB TF & MK T
fbTE o Lz (K3.1.3-6), ZDfEE, SHOIEEDE Y T v 7T, FAOHED
KD H A N—TELHHBFE2A L TWD Z &R TE 7o, REORBESE ORGSR % i
k3252 &1k, 2fKZ D AA—TE HHBOKFTHIT> T <,

[%3.1.3-6 H|F (££) UK F)

3-13
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3.1.4 F£&®

AD YEIZ X 5 ZnS F KA o FHAAER Y > F L — X OB T, ERED 72D O JFEMG K
MEIOBRE « F M 21T > 7=, TIRD ZnS (Ag) & AV CTHEBRZBIMA LT, AFEEOERM S I,
JERACIC E P BENES DD, ZInS(Ag) 12k D AD BIEKRIC L > T v F L—3 g VR
FHMERTBE CTH D Z & 2T —EDRRIBHF LT,

Ay BEBEHARIC OV TIL 8 FEOSERDO A AITV, TOFERERY AF L BB
& X DI R FE LT, Bu ik Z &R ) XA F L U E WRIER TR (060%) <L
72o F 72, Eu(hfa); (TPPO-60Me) » & AR U AT L U IRIZHOW T a MRS IZB W CilBR 217 - 72
&2 A BRI BIN S T, IREEELIRE, BUE O E Sk O O SER &t at 217 -
TVE, o IR TH< 65 Bu A Z B &Mz LTl

a YR R 7 v M E =X OBEBEAMBAFR IV T, filkD ZnS(Ag) v F L —
Bl CMOS T AT EHHNT afMBPRIG TED 2 L 2R LT, F72, IO HRE SO
21TV, FEEOMIE DB Y% — I AL CE D REEER H D 2 L 2R LT,

3-14
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3.2 a -+ BIHYEWIAULY v A= F DY

3.2.1 AR 4 vy TFHI U FL—FDRA%

3.2.1.1 La—GPS BERHAIERLIDT= 6D D Si0, By RIFE D FFT
LIF O 3D Si0 MK (Wi h b RSt m M (20 5e T (LUF TR & R9)
3N) & W T, La=GPS DFUGHER 21T > 72, (a) PHIRIEE 1 4 um, (b) *PHIKIEE 1 0.8 pm, (c)
WREAAR—A I (7)) vFalllp-6) Z2HNT(a) 2@MIELEZLD, ZhbOHROE
HRETBEMBEE R AX 3. 2. 1-1 1TRT,

(a) (b) (c)

B 3.2.1-1  Si0y JFUEHY R D A=A R 7 Bais s 5 5
(a) EHTRiE 4 pm (b) EEPRIAL 0.8 um (¢) WEREBAR—L I L ZHWT (a) B L= D

O RIFENE, 605 (EFIEMF, 3 N). La0s (GEFIEMF, 4N). Ce0, (EFLEMF, 3 N)
ThHD, U EOKKZ (Lao 0sGdo.015Ceo.025) 251207 + Si02(8 mol%) & 725 K HITFEE L., K&
B L LT, SEHIR AL =2 N2 THRNEA Lz, BRI T O 7 07T AT
HNZ T o 72, SRR : 4 h, BERSIEEE @ 1670 °C, 1RFFEERT : 20 h, BH : FARKA,

B SN BERER D X BB S Z — o 2 3. 2. 1-2 (R, R 4 um @ Si0. ¥R % H
WA (@) Tl BRI TH D GPS LISMT, T/8% A MEBKEIZAER L TWVD Z Lo
Do TREA MIEATIETCE RE) & Si DAY GPS KV 6200 REg 53 (S104) 602 & U 9 AL
b, LIzho T, SEHRIBENRKEZ W Si0, e E AW 8E8 121, #2815 Si0, D
BBV T 7 v QR CRERR STV D4 TRER LIk L CTHEIRHIC D 72 < e o TR
A MEAOERDMERMICR s7- 2 E 265, ZHuaxt LT, EERIEL 0.8 um @ Si0, By
KERWTSGE OITIE T 3Z A MEOARKITE BEINT GPSHO B & e > T b,
Fio, EERIR 4 um O Si0 MR Z M LT RE WA (I8 ThH, R 0.8
um DA EREEIZ, 737 A4 MEOERPZRIZIHE STV 5D, MfkS 7z Si0 RO
VIR R ORI EE AT BIED & ZARHTH S, K3.2.1-1 O SEM EEN L, KNI
7B UTHRRTH 2 mBEOR ORI TS Z EBbns, —F, FERIZE 4 un
OBMARIZ 10 um BEEIC KSR HHFELTWND, 2O EnD, SERIERS 5 \WIThi 5 A
LV K B AEIOSE ., B AARBRISHERICK Y BMEZG57-00 8 o & HE R EHR
EEZOLND, TR 0.8 um O Si0 MARITHIEAEEFILE L o TN D2, A5
Kigg 4 um O Si0, My R A& W ERR — /L T K 0 i L8 K % La—GPS JUGBERS FH 0 JFUEF &
LTHEHALTW 2L ET5,
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(a) FINFAMEDA—VE—D

7 GPSHDA—2E—Y

Intensity (arb. unit)

20/ deg.

X3.2.1-2  SUSHERS B DL O X BREHT 5 — 2
(a) THIREE 4 m O S0, By %4
(b) EHIRIEE 0. 8 um D Si0, KoK A1
(c) FHIRIEE 4 um D Si0, ByR 2 Byt U 783K %

3.2.1.2 La—GPS BEREIRIERL D 72 8O DB F 15 Dt

BAOKBREE T L AEE (N80 mm) ZHWT, 73— L RIEIC X0 BERSRTOR
REEBRICERIET DICH 20 | KIEE% ORI M OEE B2 2 WERSH DH, Z0
72z, X 3.2, 1-3 IR T X ) el ailE LT, T ANICEE R LR (]9 200
g) IR LT, Zo&EHWCT— T (86 MPa) Tk, 7 3—7 LV AEICL D%
JTHENE () 100 MPa) ZATVN, 5 & e & Al Tl ~ 7z 5t TRUGBERS &2 77 T2,

X 3.2.1-3 FAME L 7= 4

15O N BB R OBERE R OREIE X, 3. 2. 1-4 [T X 912, FRFNE 63 mn KUK
56 mm T 0, B AT 4 v FRRHHEHISE R 50 mm A OB o F L — X B RIATRETH 5,
BRI CIE, X3, 2. 1-3 128\ T, —HINERHZ FHMICHER RS 28 5720, £
AWET A7-DICAT b AEEEIZB W TIE, 76 mmX76 mm O FITEKTETE %4 M 5 Rl

3-16
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HFETHDH, BERBIERICBWTZ v 7™ TWADIL, BEfESIEN P REL ST
RN TH Y, glEfrE, FIRHE, BERIRE., RFHBESEZHMICHRTFT L T,

3.2.1-4  (a) 7 N=T L AROMIEE, (b) 1557 Bers (A

3.2.1.3 La=GPS BERIKDT =— L RAFREDET

FOSBERSIZZ2 5 CTIT 9 72012, FH & 72D Ce DJFETRAEDS 3 i & 4 fHiDIRAIKAE
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