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Growth and characterization of transparent SrB4O7 crystal fibers

by the micro-pulling-down method
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FBI1E &

1.1 XC®HIT

MM T E LT, PERY Y T 740 —F =T 7L —varihl
DR % IR ABAR AR b SHADEIR (UV) HEPLEE SN TND, K
AR E LTSRS h & mod oy~ L —H—2RFLTHT AL —F—
[Nz T, /ML - BN - R A b - BEE D SN HENL TV D RFERESN L —
P—DRER STV D [1], EEEENS L —F =1L, K 1.1 IZRTERIZ YAG L
— P —FORSNER L —F— & AFERZFE5ICT 2R NT (HRER)
T A BEEAA G DY T SERERET L L —V—Th 5, SIMEEOHEE
AR IZIX, B-BaB204[2]. CsLiBeOio[3]. LixB4O7 [4]72 & Dk 4 701F © BRHE A
MER SN D, S OIC, TRESNMEIRIC I T 2 RAHIZ S BREREM bR S 1
TW5 [5], ZOHTHEWIEREEFRESNBEGREZR L, & STV
% I S A L T CRELBIBIEE A 120 nm & F 4V SrBsO7 (SBO) (IZEH L
oo WREHFSME LT, v 27 15[ & T (micro-pulling-down: u-PD) 5% H
WTC, B SBO ST 7 A N—DFREIT -T2,

ARETIE, AT R L LT SBO ICET 2B EDOHIZE, CZIETO SBO fiidh A
FR DRI RS, fdh 7 7 A X—DOBRUCET 2B EOHIZE, A5 B BJIZHNT
FNENEA L,

FVEBL—F— SHG Q)| 4HG (4f5)) SHG (5RHK)
1064n 266, 213nm

YL

Fig. 1.1. All-solid ultraviolet laser.



1.2 HREYE
1.2.1 SrB.O-IZB89 BEEEDHFSE

ME D EEA b e T A (StBsO7(SBO)) 1E. FEEHE (B30o): 7 =4 L EEEIC
BT 5EERIEFR NPT OBEERTHY . 6 BRFOIEDIZ ) RIETOF
RTR, K12 06K 14 TR ENLBEET 2MEBER T L WEEZ T 5, £
72 St RT3 9 EOEFFE T T BE, FROX 2 — 7 ERNEREZ KT 5
1.5 . ZOT7 =AU MEIT, 135BERS THRESNTENLDOD 1 DTH
%o £72 Chen HIE, ZOT =F o MELZB0EEOHREILTRNEBTND [6]
23, BLE SBO 122 T, PbB4O7 (PBO) & EuBsO7 1XT_XTDIF 9 FEFHE T U E
RS Z TR T D E HEINTIZ O BEJERTH D (7],

SBO DOifEbtEEIT 1964 412 Block ©X° Krogh-Moe HIZ X > THE I, a =
42392 A, b=10724 A, c=4447 A DT ERZETHRITMARTHDHZ LN
RENZ [8-10], F 7= Witzmann H=° Chenot 52X - T 1.6 (2R THEIC S
BOs RIRRERI 23S S 7z [11. 12], L2 LEERIZ ONFERSRANE) - 72
7o DGR B RO+ ThbiL e o T2,



& L
5 Jas
00

L
j—)
—E— ¢

¢
%

i

Fig. 1. 2. Polyhedral representation of strontium tetraborate along the @ direction 31,



Fig. 1.3. Polyhedral representation of strontium tetraborate along the b direction (1],



Fig. 1.4. Polyhedral representation of strontium tetraborate along the ¢ direction 31,
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Fig. 1.5. Coordination polyhedron of strontium atom (capped cube) [°].
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1993 ££ Oseledchik &2 L > T CZETSBOfEEmMNII LD TER L2 [13].
SBO (ZEZEERAME (130 nm) F TIHEM FIREREN 7 ZBFFA 2D @Vt E
BEE. FERREATARER, R AF T 5 FENRE &7z, $£72 SBO ITEEST
2L AAAHEEE N TE 2, SHG IZIXRARETH B Z & Nl &z,

1996 4, Oseledchik © SBO %, fZFEEEE TRV, SHG NBIE SN2 F
A LTz [14],

2002 4F, Pan B3I F mR—F RiEE HVT SBO fifidh & iR S, 120nm LA T
DEZEEAMICCRIN I 2 2 L7z [15], JEIR & L TR 1064 nm D Nd: YAG
— P —Z AW TIH b —1L b SHG NBEl S, FEONERELE,

2004 £, /M BIXER S HIICER] SBO FESE OB RUCAFI L, Petrov H 1% Z O
fa S R A BAE S CIERED 120 nm ETHEHATH S Z L 2R L, HE 250 nm
F B D 125 nm BEZEERAN N OFAEITKBI LTz [16], & OWEFIZ LY SEFIEHO
7o R—7" SBO it gk DWFFE HiEFAL L72[17. 18],

Z D% Zaitsev HIZ K o> T, CZIEIZE YV ER L7 SBO fEaaIZH DR R A A
BIENO TEER ST [19], & 5T Aleksandrovsky HIZ X > T, EFNEE
72 SBO ftige (M 1.7) % HENIAHEE S (Quasi-phase-matching: QPM) (2K ¥ |
BHRENHINTE 5 2 EAHE Iz [20], ZAUTEE R B % #2 SBO
i a VAR, EZREIMERCO S E I ER L —F—2ERER S 2 &L 2Bk
T 50T, M SBO fERDOBERPIER LD TS, LarL, QPM (FiEH
BRBEIUCIRY TH Y, £ CZEEZHWTHE L7z SBO fEdDTERE & Mk
KRBT MEE DA (21, 22] S TWD A, Wb O 584 FIK & OV
FEITH TR,



Fig. 1.7. Domain structure in strontium tetraborate visualized by etching.
Crystallographic axes are shown by arrows. Thickness of structure in a

direction is 1 mm 2%,



1.22 CZETO SBO KRB R ORIEE

W SBO fEfm OB RITAIKREE CTH D CZIETHER SN DM, 1B SBO i
EOBRITHE L T A ERESHICERE-IZAB LR Th o7,
OHEEOFERIE, FRMESETICEY A ENTARA N EOUFEEHER & 75 fakEak &
DTNTHD, A Nk, FITKZ2 EOERERMMPIEKR TH 5, Zi b A
WIEERPICER A mICIRE L, @AaFnc 2 v [ian Ak L CE AU SICEY
AENDHET, X A®T 5 [17. 23], T ARHIC L > TR A& S
HE7z, BARENEZ D, BAKRENEAET D L K 1.8 IR TERICERT
EESRAL, TOREEEITLD RELS 2D [IBER AR N OAERITRET
%

VAR EOIHI T HEIL, FHSBO A BT H LETEETHD, BIVK
EoMiESEMtE 2.1) XK TREND,

Glv>mCr / D+ (1-ko)/ko 2.1)

E

G:IRERAE, v KEHEE
m AR A EAREEL L2 & X OAFL, D : R ORFE T OIEUES
ko= (Cs/ Cv) : V5o BifRtk

Cs : EABDORUMMIEEE . CL : L 7 JEIROMEEE (Rt )

Q1) XLV, BUREBELZMIET HEB2LUTICRT,

1. BEAR G ERKELTD

2. MR EEE y /&< T 5

3. RMWBE CLE2/hS<T5

L7eRo T, ZOFRBEEMIET XOICERSFHEELEZ D2 LT &RRERE

10



BAZLNTEALLEZLND, LI L CZETIT, EBOHKE FIEEARZ K
XL THZLIIRETH D, TOTOFEREED 0.1-0.3 mm/h & KREEVEE
WZRE S D,

F IR & FE SRR & O T IR AR & 70 D, —RRITIZ D B i db
DHFEMETH 51F 9 FIZRIBHEEZ 72D, FEHERRFIZ KD NIEAT S &
EzZbND, Tl ERIERMR LR ERAK & BT [24]. R
KRR 2 BRI IR D B 2 ENEE TH 5, F RN —BUaRER TH
HEEREEAHS T2 bAEEE 8D, L L Sr-B0s RIRRERITiE, SBO O
— BRI B RIE OFGER I S TV R 110 12],

S H{Z SBO fEdm DA W& QPM OTERLHIEIL, BEZ2ERI M EE CABLLIREE
< T L TCEERBETHD, L L. QPM [TEHKE EMHEIRIZIREY TH Y |
F7o CZiEZHAWTHGE LTz SBO fEaDEEE & M LB F /3 FEE PSR
SNTWD A, A NEOFAETRR K OFIENEIZH 5TV 21, 22],

11



ineclusion

Pt-dendrite
%
s

Fig. 1.8. Schematic illustration of the inter-relationship in occurrence

between cells, voids, and platinum dendrites 71,
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123 #7744 N—DBFRICET 2BEE O

CZIELRUREREEE LT, M7 7 A NN—DFRIENH D, ZOfEMm~7
7 A N—FEIEIL 1950 FRHEH S4L [25], 1967 FIH 7 7 A TR T 7
A N—=NER ST [26]. BILWIRESR 7 7 A N—D G S5 Lo ichotz,

1990 FA DI, BRIFOKFESICE - T~ A7 uF a7 FTNVAF— (u-CZ)
ENRBFE SN [27], £ LTCEIE T CHEEEZERT S EEmmEOm B R
bic, TZTRM7 7 A N—OFEERERIED—2L L THED DIEDES
(2 ANEDTT, 2D ANVINDRERT 7 A NN—&5lE T~ 7 ag[&T
i7" (micro-pulling-down: u-PD) {ED AR 4L, Z< OBILWFERE T 7 4 N—0F
R EIVTUW D [28, 29], p-PD EIE CZ kL e IBREARZ K S HE, Fk
HEZM ETELREDND D, S OIZERGENT N, AT A X TH L7280, N
TuaARLRl, IF<IERT A ENMHKS, FER 2mm BEOES 7 7
A N—=72 61X, FERERFERTE L TCHAERTTRETH 5,

13



1.2.4 BWRRREIZRIT 5 B mREH:

fEem AR IIEEER R D T, FARFRFICRHERLIC > TN RET 5, BAEL
TR, R ERFICVRKBR T AR ETE L TBEIT 5, BRAOKRE I
fEam b BT 50T, BiERER CIIRAET HEEEZ A L— X2k 42
ENMELR D, BRFAE TCOROBEHOXIT, 22) ROoLHIZRIND
[30],

Lpv = KsGs - KLGL (2.2)

L: B\, p: R, v: Bl X TS &HE
Ks. Ki: EfH, MHEOBMRERE . Gs, Gu: BEFE. {&FEOIREE 28

EDIIAERERIC > TEERE CRAETL2BEL R T, B4 LIARITIEN
7> & (&R 5 & 0 BRI~ 8 5, ATEA S 2 B8 58 E LR
HEBETOAEDELRT, ZOXNTOERITERTITIREAR & KR H
FEREFToHD, o T, u-PDIEIZLLFRTY, ILEAR, FREHE BI&T
TIHEE) ZBEMREMHEE LTERD I ENHERD,
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1.3 AHMEDER

BE, BA R ZH T 5 SBO fEFDERARKD BTV D, @H SBO fidh D
BRUEEIRARRIE CTH D CZIETER SN D3 EH SBO MO BERITEEL < |
& A ENESBNGEREITAB LIER TH o7, RO ABORA X, F
FOfE fn FICER VA EN TR A FROVERHER & gt & DT TH D, A
RiZ, EIKR EOFERERMPMBIRER TH 5, TS R HWILE I EIR S
ECHREE L, IBEFIZ 72 0 ARA FOAER L CHEMESICIRVIAENDET, ik
TEET D (23], L URBIEAEZEXHE. ABIIAF R HELSETL
F, BERL -0 HETOHFMOLE LGSR TIRRE D, 72 u-
PD ikiX CZE L | IREARLZFSICKRE ¥k, BRGEHE LR ETX 5]
BB D, IHIC 12 mme BREOFREY 7 A "—7ebiE, IFREAERET L L
THoHERATRETH D,

Z ZTAZE T, £ u-PD EAAWVTER SBO fREZBRTH20DE
G2 TR, ZOBERSMZTTICER RN % B3 2 SBO fEdm DB RIZ OV T
REt L7,

%5 2 B CIL, SBO iffidm D —BUERIHLAK & BEVARIE DORMRET R O R 7 7 A 1~ —
DBERUZDNTIRAR D, EiE SBO figh DB RICIL —BUARE R EI b DOF
RNV ETH D, I BRI EF B & —Bed T [24], IR
AR & BB ISR DD Z ENEBETH D, F B —BAERER Chh
EEREELZES THILELAREE 2D, S DITHE& O BEEEIE b RN O
BDLEELMETH D, LovL, Sr-B0; RIRREX Tk, SBO DfbFEFH#
IOV TIEEDN TV DAY, SBO il il O — B Al AL -C B AR Ofkam 13 S
ATV (11, 12], EAEME SBOfEEL 7 7 A N—Z BT H72DIC, —E
VRIKELRL & SBO i di D EVA ARG & F8 -~ 7=,

=

B3 ETIE, B SBORER T 7 A N—DOBRICKIETHI & TIEREDOREIC
DVWTIRAD, 1T D BEEAEROREIZE T 5 i b IRA T — i 22 R 135 & D

15



T o, CZIETIE, MEHEZIRT SE5 L BEOD W EH SBO i
MERHERDENRE SN TND [17], KETIE, u-PDIEOEFREHFETH D5
XTTEEZZMLSETEREERT S Z & T, SBO 7 7 A N\—DFERIC
FET B & TIFEEDEEBIZ OV T,

X HIZEH SBO #dh 7 7 A N —DERIZ KIE TIRE AR DO FEIZ DOV TR~
%5, KKaD720N SBO el 7 7 A N—Z R SE 57, —MRICHIREE CTldis
RILDERDOBRENEFRIE CH D, £ 2T/ AVILHEOIRE AR 22L& &
DI & TR R D 2 L ICERE S Tz, RETIE, u-PD IEOFREM
THOHREARZZLSETREEZFKRT L2 LT, SBO fiifm 7 74 /X—DF
R RIET 5 & T EEOREBIZ OV TR,

%4 ETIL, u-PDIEOREZEENZ OV TN,

p-PD JETORERL T 7 A N—DOBERITEEZOBER N EL . R BRORE T
2V, A =X LAOBENRERITS E D ST ey, —BURREEK )
LI NREE AW TR A BRIV, BRGESTICAERREET L L TR
SND, T TEmERMEDBERNDEEZT~D5 720, Srt0-B203 FRIKAEM K
D SBO O—BuAmHR Ot T I 7 A& —EEMMER» DTN I/ 2%
JFEEE LT RS T 7 A N—DBEREIToTc, T0 & EOMFAAOHT HZEE S
u-PDIETORE A =X LN EHEE LTz,

%5 ETIX, SBOFE@RT7 7 A N—DISHE LT, ERREEHT 5 SBO fidh
T 7 AN—OBEREFHCOW TR D, E£AREEHT D SBOMmaBERT D
728, pu-PD {ECREENE~ERELE CESZHM LN O/EREETR Lz, K
BT EHHMOIO OEREELZZ(LS . SBO fidh 7 7 4 N—& B L,
BERfEER 7 7 A N —D~DEBIZ ST,
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B2E SrBO; O—BIRRHER OB

21 IILCHIC

B E SBO fE L OB RIS IT — SRR R D OB B MLETH B, Lo
L— R — Baami s 3 L Bk & — 583 [1]. —Baambiilk & B 1R
HHZENEETH D, FIFEHRRD —EIERFL T HAVIXE BUEE &% <
THZEBAREE 2D, & OISR O BEEERE T MO S22 b EERY
PETHD, LML, Sr-B20s RIKEEKITIL, SBO OfbZEERRIMAMKIC OV TIEEDN
LTV 2723 SBO #iEidh O — BUA BB AL B IR O IL I Ty [2,3],
RETIT, ZHAERE SBO 7 7 A N—% BT 2729DIZ, SBO fEsmD—E
VSRIAELRR & BV RN & 3R~ 72,

2.2 EBRFIE

FEE 99.9 %D SrCO; (IR 113 L1 & Bo0s (MS)[HbF8) o FEZ AW,
(bR (StBsO7) 725, 0.1 mol% (x = 0.004) I L SH T, x = 1.980-
2.020 OEIPHOFEL (SrtBuOsc+1) ZHE LTz, 26 OREHIT VI T3 TH
e, IBRE L, 7V AE HWTINERME LT, EXFREXT 800 °C, 5 KM kE
L7z, EHICINH6OREE T VI I THAE IRE L, 7V ABEEHWTI
JERCE LC, ZERIRFHSC 850°C, 10 FEECRERS S ¥ 7, £7 SBO s D EE
BT O (ER LI-fx DT 7 A& MR XRDEIE L FEEZFE LT,
W —BUARMMR OBFT O 72, x=1.986, 2.000, 2.004 ORARKOFEH S (ERL
LT 27 A% L C USRS, (B L =2 2N ok iR XRD
BEL, MEREE L, £7o. x=2.000 ({bFEimfERK) OFELOEIE DSC HIE
ATV, RRZE) 2 5H Tz,
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23 FREEZBE

2. IR U 7= BAEAR x (x=1.980. 1.996. 2.000. 2.004. 2.020) »HHERL L
72 StB2O3x+1 87 X7 ADHER XRD BIER R AT, £7 x=2.000 A TlE,
FIZ SBO LV ED SrB,0s DEIPTE — 7 3k S iviz (X 2.1 (a), (b)), FHRK x=
2.000 (b F&EFwAAR) TiL, SBO OEHrE—7 0L Sz (K 2.1 (¢). x
=2.000 LV HR&EL 2D E, FITSBO EDED SrBsO1 DEIFTE — 7 3 &
iz (K 2.1d). (e))e F7z SrO-Bo0s 52 DAR X 7> 5 StB204 & SrBeOio 1. &
MEIL SBO 75 ByOs-poor il & BoOs-rich IO TH 2 [2.3], 2D b,
850 °C T? SBO D EEEAIEIL, (L F R 5+0.1 mol% J 0 BV & HEE
b,

22 IZBHAERE x (x = 1.996, 2.000, 2.004) DJE R & @iz S & CTER L 2RO
iR XRD HIERE R E2 7T, x=1.99 TiX, EIZ SBO &V ED StB,0s DA E
— 7 W ENT (K22 (a)), x=2.000 TiX., SBO DOEIFTE—27 OIHDHEH &
N7z (X 2.2 (b)), x =2.004 TiL, FIZ SBO & ED SrBsO1o DEIHTE— 27 )3k
HENn7z (K22(c), LibEDZ &35 SBO fitsh O BEARIE X LBk 2 &
D E L T20.1 mol% & &3V, 72 SBO fEidh D —BUARBEA L B iR
E—HLTWD I ENREENT, FEEICIE D BRIERERS TH D LipBiO; THLZ D
—EBEEAER I BET SN TR Y fEFEEwRERE —B LTV, 2O Z b
O RS ERIL. —BIAREAR L FERRIEAR B LT WEB I BND [4],

2312 x = 2.000 (b EFRAAM) O DSC Hifg 2 m9, #ESEIEHK 990 °C TRt
R LARD 7, ZAiE SrO-B20s R DR TR S A7 @ilR 994410 °C & —E L
Tz [20 3], iR DSCHIEND b, BFLE— 7 23 1 D LWz, SBO #i
in DAL F BRIV (x =2.000) 1T —BUamifEmi TH 5 Z L3RIz, £
AR Y — 7 O S SBO OFEENT 63.29 I/g TH 7=,
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20( )

Fig. 2.1. XRD profiles of SrB2Osy+1 ceramics fired from each composition x. (a) x =
1.980, (b) x = 1.996, (¢) x = 2.000 (stoichiometric composition), (d) x = 2.004, (e) x =
2.020. Filled circles, open circles and filled triangles show peaks of SrB204, SrB4O7 and

SrBeO1o crystal, respectively.
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Fig. 2.2. XRD profiles of SrB2cOs.+1 crystals prepared at each composition x by cooling
melt method. Filled circles, open circles and filled triangles show peaks of SrB;Os,
SrB4O7 and SrB¢Ojo crystal. x = 0: stoichiometric composition. (a) x = 1.996, (b) x =
2.000, (c) x = 2.004.

22



0T T T T T T T[T T T T[T IT]

10 — 994°C —

g (~/:

=) n il

> Endo. 3

O -10 —
20— —
-30 11 1 | I L1 1 1 | L1 1 1 I L1 1 1 I L1 1 1

600 700 800 900 1000 1100
Temperature (°C)

Fig. 2.3. DSC curves of SBO crystals (x = 2.000: stoichiometric composition).
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31 XL

SBO figs DRI T 2 & bIRA T— IR MEITR-R O BE Th 5, CZIE
TIE, REEEZERTIE 2 & a7 EH SBO Kk B AR 5 FA R
EXNTWD [1], AETIHE u-PD EOBREMNETH S5 % FIFEE, REAR
RS ETREZBR L, SBO fEd 7 7 A N—OFHIZKIFT 5 & T &HE
LIRE AR OB OV TIA T,

3.2 EBFE

BRUZHWZ 4u-PD BREEBE OEKK 2K 3.1 1277, BE&220X0 R Y Xt
K TEBONTN D, u-PDIFORENER G ZHi4 5 72Hi2, 5 2I1E_EEROM
KPDZEDONDOERE Dy EEEORES Ty 25881 L7z, X 3.1 (a) TRIERICEVEST
(B L ADKE) % SBO RO VIZ ) ANVOFIHRE LI-, KIZEVEXT %5
TR IRELZ ) AVOES R x TRIE L7 (K3.1(0b), BREe > kb (X
3.1(c)) . SBO fEfEMm CTHRROZEEF Z T L EX bND, x=0mm [FEDT
— 2 —REBEPES LTV e, 2O0EOEERICITE S 2 mm, B 0.4mm O
HOoHD ) AVRETTHD (K 32) , ZO5H20FHIC, {LFEFRMK CIrER
L7=SBO &7 7 AFEEFEL, 220 X0MMTICEFEBEZFMT S &
THEEHZ B LTc, 2 OO RBER (HE&- 2P U A 13%— Hae) Ik /2 A
WIEOREZRE L=, BABAARFOIREIL 1050°C T, F-BFRRICIE, /X
JVE T OREARLZ K 50-100 °C/mm & 722 X 9 CHIf L7z, @ikixRmE\EIC
L0 ZAVEmIREEND, / ZVESSORIKIC <010> L0 SBO i fh
AR S, MR AR ARG E %, EEREEIE T CER Y 7 A3 —
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HZERFEER CHER LT, BREEOS] & FIFEE L 0.01-0.40 mm/min DOFiFH T
Tolze BRGHEOHIEOS, BIERICHEBE LIZERL X (100) 25K
REEHER Lz (X33) , 8Lz 7 74 23—k, K XRD #IEIZ LY A
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Seed crystal I X Q

800f

O 700;
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Fig. 3.1. Schematics of the u-PD furnace.
(A) p-PD furnace. The black arrowhead shows the lid, the white arrowhead shows the
wall of the refractory materials, and the black-and-white arrowheads show the
thermocouples. The white arrow indicates the pulling-down direction of the seed crystals.
(B) Temperature measured just below the nozzle of the 4-PD furnace. (C) Temperature
profile (open circles) for Dyn = 4 mm and 7w = 6 mm (see Table 1). The solid curve is a

visual guide. The black dashed line shows temperature gradient G at x = 0.5 mm.
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Fig. 3.2. Pt crucible with nozzle at bottom center.

(a): The crucible has two terminals and a nozzle at the bottom.
(b): The nozzle of Pt crucible (5 x 1 mm with a height of 2 mm).

Photograph (b) shows the photograph (a) from the bottom.
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Fig. 3.3. Solid-liquid interface during the growth.
(a): the nozzle of Pt crucible, (b): melt, (¢): solid-liquid interface,

(d): grown fiber-shaped crystal.
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331 BIETIFEENBRERICKIETHE

BRI ) ZVE T OREAR K 70°C/mm & 725 X IR L, 51 T
HWEOHEEIET, fm7 7 A N—2BFR LT, K342 u-PD {ETHA 72
Sl& FIFEECHER L SBO M7 7 A N—%RT, X 3.4(a) 1Z5] & FIFHEE
(V2) 0.40 mm/min CTERR LR T 7 4 N—Z R L, fhmmlE 2RI ®m LT
72o —J7. X 3.4 (b) I Ve =001, 020 mm/min THEK LI-FERET 7 A — %R
F Vp=0.01 mm/min TiE L7-EFNLERATH 7203, Vp =0.20 mm/min THY
BLZERIZAEBL TWWe, ZAUXE VISV E TIFHEE TER LS Y
TAN—TFZERE R DFEERLTND,

[ 3.5 (2 Vp = 0.01, 0.02, 0.03 mm/min THRE L7= SBO f&Ef: 7 7 A /N— %R
¥, Vp=0.01, 0.02 mm/min THAK L7ZEATIZ. ZATH 7225, 7p=0.01, 0.02,
0.03 mm/min CEK L7-EATNIRERACTH -7, FEom 7 7 A X—DIROEFTII A
BL T\, ZORBIIERRE TEROEFTTHREL TV LoD, BREMHOE
NEERTHDLEBEZLND, LR > T, EH SBO 7 71 /3—1X 1p=0.02
mm/min L F CER T H2FNHALNERoT,

X 3.6 (IZERK L7=SBOfES: T 7 A /N\— DR XRD I EFE R % /~T, Vp=0.01,
0.02, 0.03, 0.20mm/min THERK L7-fEdm 7 71 /3—1X, £ SBO OEHTE—
7 DHTSBO HHTH -7, BIE FTIFEEOEIC LD BERHAMER T 714 3—D
EEITMAANRE TIERWERH LN o7,

X 3.7 \IZE R L7z SBO #Edh 7 7 A N\ — DR IEBME S & =3, (mICBEMEERL
BnD, TRTOFMMILZ 0 A= 23)L T I0CHICTEANBR I N0, B
a7 7 AN THEERATH D,

3.8 (ZBER SBOftidn 7 7 A N—TBEINTZRA ROBREERT, Vp=0.01,
0.02mm/min CHERR L7-FEMR T 7 A4 /N—TlL, eI REEIIBER I N TE
B CH -7, Vp=0.03mm/min CHER LIS 7 7 A /S—TlL, 5l & TP HmIZ
FIERITINTMEWVZER (RA F) PEEINTZ, Vp =020 mm/min THRL
TofEER T 7 A N—TiL, REORA RBPBEINT, MEVWRA ROBERITN
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100 um THY . EKFEORA FOERIZ 10 um RiE ThH-o72, ZHHD 2 DDHR
A FOEREIZIRIE L 202272, SBO #idh 7 7 A /\—D BIZITH] & TIFHEEK
FHERHL . BEOJFREIIFERPICTVIAENTZRA RTHLIENHA LI E
>7,

INHDORA ROFREIT, K TRE SN D ZERITHELIL THY . KFDZERD
TR, B CARIZIEME L 72K (00 KOV Ny) ORARICE A D THD 2],
| O BREAESLClT, 13 O BREIAR D H0 & &35 1000 ppm TH D728, 7K
72 E QR D FER T 7 A S—IZHRA RERT D [3]
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Fig. 3.4. Effects of pulling rate Vp on transparency of SBO crystals. (A) An SBO crystal
fiber grown at J’p = 0.40 mm/min; (B) an SBO crystal fiber grown at Vp = 0.20 mm/min
(a) and 0.01 mm/min (b).

Fig. 3.5. An SBO crystal fiber grown at slower pulling rate compared with Fig. 3.4. The
SBO crystal in sections a, b, and ¢ were grown at pulling rates of Jp = 0.03, 0.02, and

0.01 mm/min, respectively.
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Fig. 3.6. X-ray powder diffraction patterns of transparent and cloudy SBO crystal fibers.
(A) Transparent SBO crystals grown at Vp = 0.01 mm/min; (B) transparent SBO crystals
grown at J'p = 0.10 mm/min; (C) starting material (SBO crystals). Open circles show SBO

crystal peaks.
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100 um

Fig. 3.7. Polarized microscope images of an SBO crystal fiber grown at

Jp = 0.20 mm/min. In B, the same SBO crystal as in A was rotated by 45°.
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Fig. 3.8. Microscope images of void morphologies. (A) spherical voids; (B) elongated
voids observed in an SBO crystal fiber grown at Vp = 0.01 mm/min. (A) and (B) show
different parts of the same fiber. White arrows indicate the pulling-down direction. Black

and white arrowheads show spherical and elongated voids, respectively.
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pIZERY AENTZARA R THoTe, T TRMFA~DRA RO AT
W, KHFIZEY IAENTZKIZDOE A I = X LINHEE LTz,

X 3.9 12 A RO A J1 = X L OBARR A2 ~T, fEaRRE, Bl s
THEMENIITRE SN, A REBRT D, 20 L ERA FIEHICL-T
—EHE (Vo) TEFICBEIL, fmbREHRE (Vo) TBE#IT 5,

Vo < Ve DFE. ™A RIZFEITEBEWONRW2D, P ~ERA RIZEDY
ANENZR (13.9(b), EDTOFERARESR T 7 A N—DRET D, ZiuL, LV
INSWERGEE CERER Y 7 A =B ELND &0 ) ERERAEMT TV
Do

— 5 Ve>Ve DA, REITRA RIZBWLWOE, fELTWDERT 74 /73—
WCEBIZHAIAEND (K 3.9 (¢), LB THRA ROBEITEK /0D,
72 Ve = Ve DBE, FREIZIIARA RBEFEL, KEFORESET 7 A /3—I1—H
MAAFENTVD (K 3.9 (d), BEAIZ, REFEIZFEITRMEWVRA R
REND, LEBR->T, TRHO2EEORA ROFEITIREL R,

SBO DN FICHEZ 2R T5E, P ORA NIIBEUEE 20, ZDT

Ein'E SBO f&da 7 7 A N—DFRDO T2, LV /NI WVWEE T HEETHRA N
ORANEZIEI L., B SBOER T 7 A A—OBERNEETH S LiERSITHN
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tal

Fig. 3.9. Schematic drawings of the void formation mechanism. (A)—(D) Cross-sectional
view of growing SBO crystals. (A) Voids appear on a growing SBO crystal. Circles and
diamonds indicate voids and impurities, respectively. White and black arrows correspond
to the directions of crystal growth (the opposite of pulling-down direction) and escape of
voids. VG: growth rate; Vc: constant rate of voids. (B)-(D) Two modes of inclusion

occurrence. Growth conditions: (B) Vo < Ve; (C) Vg = Ve (D) Vo > Ve.
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332 BEAEIFHRERICERITEE

B AR OIRE AR BROERICRIETHELTRD 2D, FEE LR LT
J ZNVE T OIREARZZSE, §1& TIEE 0.02 mm/min TG DB E
1Tole, 311 ANVEFEDOIREAR G & u-PD JFOWEE (Dn & Tw DfE) O
Btk A& T,

Table 3.1. Temperature gradient near the nozzle and structure of the u-PD furnace.

Diameter D, of Thickness T, Temperature
a hole (mm) of walllmm)  gradient G(°C/mm)

7 6 104

P 3 98

4 6 81
none 6 56

X 3.10 {Z u-PD {ETHEA 72 GIETERK L7 SBO S 7 7 4 /N—% 7~ L., SBO
RO REAERAICIRE L-, K43 () 1£G=97.8, 104.4°C/mm THR LT-
fEER T 7 A N—% R L, fERIIREBITAB LT\ e, —F, X 3.10(0b) L G=
81 °C/mm CTHERK L&Y 7 A4 N—% R L, I AR ThH 7203 ER & 7
ST, F72K3.10(c) 1L G=56°C/mm CERKLIZFE@R Y 74 3—%R L,
BEIZELTBVEATH 72, THINSWIREARTERT S Z & T, FO
RELTCEARER T 7 AN—FFRCTEDLZLERLTND, £72 G=97.8. 81,
56 mm/min CHEK L7ZfEdm 7 7 A4 23—1%, £ d SBO DEIFTE— 2 DA T SBO
B Th o7, IREABOEIZ LD BERSER T 7 A 23— 0 B AE R E
TIEERWERH LN E 2T,

311 ICERHER T 7 A N—DOREORELZ T, SBO fEda~ 7 A /N —1EL%E
PR (RA ) 2B AT (K 3.11 (a), (&9 BEERDIT, #EEE S E L
THI 1000 ppm D H0 25 A TEY ., ZHHDRA Rk HoO0 ODEVARIZ X -
TR SN [2-4], EHIEEAR L IIEBRICKEBRN/BEI N, — &I
R E OB O 7= DI ERIZEN D [5. 6], ZiH005 SBO fEmdD
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TFHREIERE (Vo) 1X. BREHO T CHEMMICEET 523, SBO #Edm DT
Vo 3B & T HEIZKIE L TWnDH EEX LD, £ 3.11(a), (b)iE. KEHR
FDERE (Ls) (X DIREARDONFEZRL, G =756 °C/mm TD Ly L G =
81 °C/mm TD Ly LV HEW,

312 ICIREREICKTT DB O La DIRTFEME 2R T, Ly DFAZEIT, HEYE
RZEICHTE LTz, ZOREFENS, SBO fidh% u-PDIETERTHEE, GN
SBO fEeDIREN R 2 XBLT 2 Z L2 FEIEL T\ D, DEVIREARAKE N
56, MEROBRBN/NS NI s EREOEHN KX D, —FH, |
EARIN/NSWEGE, KEROBBAREN LD EFEREOEEH /NS <
o TND I ERHEIND,

313 IZER SBO fieh 7 7 A N—TEE INIZAA FOBEEZRT, IRES
FLICHEBEILRIC, BIE TP HAICEI I I N AR A RBBEI N, Ve ITBRK
ST TORA ROFEREE (Vo) ERILThHo72700, 3.3.1 TR L7IZERITHE
FBWVWARA RBA LT, ETIREARSBAD T 512030 T, MR WZERR O LR
Y LUT-, G =104 °C/mm TERL L7 SBO fdd 7 7 A A—Tld, BHERORA R
DEEINTZ2, ZORAEFRIZH > T (K 3.13 (), G=81 °C/mm Tli,
SBO fEdb IR WA A RREICE Tz (K 3.13 (b)), 51 & T A
WZEBI AR A RERA FOBEBEIR 10um TH Y . 23 La (X 3.12) (2%
LCWe, ZORERIT, AA ROV IALPREERICL > THFEIN-Z L%
RLTWD, G=56°C/mm Ti, SBO fEfmIFERRE LUHIE WAL REEHAT
Wz (K3.13(c)). £72 GHB/NS LR DITHONT, BIE T HA~DRA KD
BRPNES L IpoTe, TR O OFERITEEITEN R SBO fitfh & 15 5 720121,
I G TP SBO fEEDEEN AR TH D Z L ERELTND,

IEEREICEE L C, SBO fEdOIREILRICEIT D G OREIZ Mt Lz, #&
AL OEBBDORREIT, AR E ISR 2 EEERE Th 5, T OERTIX, SBO
fESI IR RE EERORE L 2 REITO O, IRBKENSEZ > T\ D, =
X, M3.12 OFEREZFHAL TWD L o2, BREOREDN G OB THY
M3 270, WENVEADN BT 22 EE2REL TS, DFVIREARAKE
(104 °C/mm) H& . fEEmOREEREDOEHNILL 2V | FRBRNBREE TRE
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DRIBE T AR N SiERRET 5, IBEAENS/NEV (56 °C/mm) HE, f
e D RHEDOEEID 2L 20 BRIPRBLE L, 7 7 4 =R OFER
FEmDA BN TE D, FmmE SBO MY 7 A N—DEFRDIZDH, LV /HhIw
BEABCRA ROBAZIET HEN, BHSBOFEET 7 A N—DBFMMNE
EThdEfmoToind,
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Fig. 3.10. Effects of temperature gradient G on the external shape and transparency of
SBO crystals. G = (A) 98 °C/mm, (B) 81 °C/mm, and (C) 56 °C/mm. The white arrow

indicates the pulling-down direction. The scale bar in (B) also applies to (A).
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Fig. 3.11. Micrographs of striations on SBO crystal surfaces at temperature gradient G =
(A and B) 81 °C/mm and (C) 56 °C/mm. (A) and (B) are stereomicroscope and optical
microscope images, respectively. The white arrow shows the pulling-down direction. The
black-and-white arrowheads show striations and voids, respectively. Lst corresponds to

the distance between striations.
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Fig. 3.12. Effects of temperature gradient G on the distance between striations, Lst.
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Fig. 3.13. Effects of temperature gradient G on the formation of elongated voids (white
arrowheads) in SBO crystals. G =(A) 98 °C/mm, (B) 81 °C/mm, and (C) 56 °C/mm. The

white arrow indicates the pulling-down direction.
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333 BlETIEELEEARNSBERERICKETT R

BRREO 5| & TP EE &R E AR B AL WELFARDLI2D, F
i ZFE LT/ AVE TOREAE A 96 °C/mm & 60 °C/mm I[ZFH L7z, £
7251 & TIFEE 0.01-0.04 mm/min O#iF % 0.01 mm/min 2L TR R
b7 7 A NRN—HBR LT, K314 |2 u-PDETHER LT SBO fEgm 7 7 1 N—%
T, X 3.14 (a) 1351 & FEE (7p) 0.01-0.04 mm/min TERL L= ~7 7 1
N—% R L VBT O 7 ZVETOREARL (G) 1396°C/mm Th 5, Vp=0.02,
0.03, 0.04 mm/min TiX, BFER T 7 1 N—IZTRERAT, BRBOLEHNKE
MoTz, Vp=0.01 mm/min T, BRMERET 7 A AN —I3RREOLEIT/ NI 2o
Too ZOZENLERRBBOERICIIEE TITHEKFENSFE DL Z L 2FEIEL
Tn5,

BTV THERT O/ X/VE T OREAEZ 60 °C/mm T, Vp=0.02, 0.03 mm/min
T 7 7 A NN—2 B LT, K3.140) IZEHR LR T 74 3—25R7,
=0.03 mm/min Ti%, Bt 7 7 A4 N—I1IRFEHATH > 7=, Vp=0.02 mm/min C
X BRAER Y 7 ANN—ITEATH o7, 5l & TIFTEHEZ 2k S E7 & Clims
RFE DR EZ AR R oI TN LA TITRREOEERII/ NS o T,

S ICERIOLZ B SIER L= T I 7 2 BRUER T 74 73—,
BT RO LR OEEOHE XRD WEERERT, TXTORENS
SBO DR — 7 IZF BN Sz 7od, BEGFER T 7 A 73—I1% SBO OBAHT
HoT,

BRER T 7 A N3 B A= a )L CH—REEDPBEI N, B L
72 SBO fEf 7 7 A N—I3HER TH D, 8T ADOERMAMORANTIA LN
7o T, TR OVREIRE RIS Th o 72, BRGSO R ER{LOZER 1
FEmTICE D AENTARA FTH D, A NIEFE S OKAR E ORI
OEEIZ LY ERAE CREA L., Ml IAE NI RERL LTz, 51

FTHEELZ/NELT2E, REARZ/ NS TL2FECHEF~ORA ROEY
AL ZPIHICE , ZORIITEAREP TR TE D [4. 7). BT OREAR %
96 °C/mm 7> 5 60 °C/mm &/ E < L7 T 51 & FIF&EE 0.01 mm/min 725 0.02
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mm/min THAERBOEID/NIVER T 7 4 N—RIEFDOEFRN TX 72,
EDOICK 314 IR LTARICE | E TP RE A /NS $5 L ERMGm T 7 A /13—
DFERBITBINS LY | ZOBREET D, ZOBRIZONTEELT,
it e A R FRF D B N B E G M OB OHT (5.1) TR LD [8],

Lpv = KsGs - KLGL (5.1)

L: B, p: B, v Bl X T HEE
Ks. Ki: [EfH, BEOBMRERE, Gs. Gu: EFH. EHEOIEE DR

NI RREIC > CEEAE CRETLIBELER T, BELAEITR
FRAI > & E W R 438 B ~BE T 2, AQIXEMETEZBET o8& L)
P 2B T 28E0ZEEZRT, (5.1) RBRALT DI 1T ER R O ZE 853
ZEMMLET, AEOBERMERTHERAEOMEOEETE | (5.1) Rux
R LTS EEZEZLNRD, (5.1) RiCLD EFRORICLY, FHOBEEAR
T2 T %5, Lo LEMOBEDR Gs it — &% —NE Ok OBLE % 2 2 T
BONDSREABRLLEF U THD [7], LD > TERRF LA OIRE ABLZ 1T 53
T 5,

Fl& T BE L EREOBBRER 3.16 ITRT, SIE TFTFEE v 2/ &< T5
L. FIUTHEWRERABIZ Z D BAET D8 Loy T35, 20L& Gsld—ET
boT=H, (5.1) X&T=9 K O TR O BT E 26 L CRE G M ORES
Bl GLIZRE <72 %, SBO & UiE D BIEIAEM TH D LiaB4O7 i O [EHE 5
W5 COEE S A L AKFEHFMOIREAEITMHERET 2 L#E 993 THD . SBO
AR CHRBRRIBESANELC WL EB2 NS, U EDZ Evn | BIE T
HWEy DINELRDETND & EBOKEFMOIBEAL G RE 20D, ZD
FERACEF A~OREREEEIIH SN 5720, RIS RsLEE2HN
bo T2 GLOEAIE, BIETFIFHE L ATHENOT, K34 IR LTELIIC
FEmBRIIAMITNEL R, ZO%R—EORIZRLEEZEZLND,

AEFFECIEE & T 0.01 mm/min TEH SBOfEER 7 7 4 N—IXB R TX,
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EBIZ ANV EORENRZ /NS L2 & T, 31 & TF#EE 0.02 mm/min T
LFEREROEE LB 7 7 A 73—k SBO D BERICHKE) L1z, E-#EdmD
FEALEZ BT TARA FORANT, 5l E TTEREL/ NS T5F, BEAR%
INEL T HETHHITELDT, RIFETHONIZBERSFEITHLBOLE L
723 SBO #dh 7 7 A N—DBHERDOEBEHRMEITENEZEZLOND, ETEFHK
SBO ff 7 7 A N—IXEZR 2 mm BETHY, L—HF—IZ L5 Z1T 5 DI
+FRER R TH B,
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Fig. 3.14. As-grown crystal fibers at various pulling down rate and temperature gradient.
(a): Pulling-down rate was from 0.01 to 0.04 mm/min at a 96 °C/mm. (b) : Pulling-down
rate was from 0.02 to 0.03 mm/min at a 60 °C/mm. Part A was observed with a

polarization microscope.
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Fig. 3.15. XRD patterns of starting material, three parts of grown crystal fiber (Fig. 5.1
(b)) and residue melt in the crucible. Open circles show peaks of SrB4O7 crystal. (a):

starting material, (b): part (1), (c): part (2), (d): part (3), (e): residue melt.
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Fig. 3.16. Relationship between crystal diameters and pulling-down rates.
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BRGHTH L5 & TIFHE L IREAEIZE B L, w-PD 15 TE SBO ffd 7
7AN—DERERE LTz,

IZUDICEIE TITEEAENSETSBOMERm 7 7 A N—&2FK L., 5l TF
HEDEALDEBIZ DWW TR, B SBO fif 7 7 A N\—DHEBIZIFF & T
FIERERFEDRH H2FENALNE o7z, BIE TIFHEE 0.02 mm/min LN TH
L7356, B SBO fEfh 7 7 A N—ITiEHTH - 7=, F7- AWOFERITHER
FIZERDAENTZRA RTHoT2, SHIT Vs & Ve DBEFRIZE ST, SBO fiE
i 7 7 A N—HIZARA BBV IAEND AN =X LERF LT, Va<Ve DA
REERA REECE oz, ERRRE Y 7 A N—PKE LT, V> Ve ®
e, A FIIRE CHE S, REFORE T 7 A N—IZEBITHEAAEND
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Fig. 4.1. SrB2:O3,+1 crystal fibers grown from each composition x.

(a) x =1.996, (b) x =2.000 (stoichiometric composition), (¢) x = 2.004.
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Fig. 4.2. XRD profiles of SrB»:Osx+1 crystal fibers (Fig. 4.1) grown from each
composition x. (a): x = 1.996, (b-1), (b-2) and (b-3): x = 2.000 (stoichiometric
composition), (c): x = 2.004. Filled circles, open circles and filled triangles show peaks

of SrB204, SrB4O7 and SrB¢O1o crystal, respectively.
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Crystal —

Fig. 4.3. Polarized microscope photo-image of thin section of SrB2.Osy+1 crystal fibers
grown from each composition x. (a) x = 1.996, (b) x =2.000 (stoichiometric composition),
(¢) x = 2.004. White arrows indicate the pulling-down direction. White and black
arrowheads show SrB>04 and SrBO 10, respectively. There were gaps between the crystal

and the resin to cover the grown fiber because of the contraction of resin.
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SBO crystal
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Melt 4

Impuritiels‘:_ Another phase P

-
T e
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SBO crystal SBO crystal

Fig. 4.4. Schematic drawings of the morphological-change mechanism on the crystal
surface. (a) concentration of impurities by flow, (b) concentration of impurities at rim of
solid-liquid interface, (c) SBO crystal grew rapidly at rim of solid-liquid interface and
another phases were precipitated on the solid-liquid interface, (d) formation of edge
including SBO and another phase and shrinkage of melt volume. Thin black arrows show
flow. White arrow indicates the pulling-down direction. White and black arrowheads
show another phase. Bold black arrow shows shrinkage of melt volume due to rapid

crystal growth.
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SBO crystal
0O um

SBO crystal 10 um

Fig. 4.5. Polarized microscope photo-image of SrB2Osx+1 crystal fibers grown from

each composition x. (a) x = 1.996, (b) x = 2.000 (stoichiometric composition).
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Fig. 5.2. Schematic illustration of the #-PD furnace.
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Fig. 5.3. Grown SBO crystal (0.4 kV).
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0.5mm

Fig. 5.4. Polarized microscope images of grown SBO crystal (0.4 kV).
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Fig. 5.5. Grown SBO crystal (0.5 kV).
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Fig. 5.6. Polarized microscope images of grown SBO crystal (0.5 kV).
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5 mm

Fig. 5.7. Grown SBO crystal (1.0 kV).
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Fig. 5.8. Polarized microscope images of grown SBO crystal (1.0 kV).
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FEOE KIS

ERMEEH LizA 7 SBO DB UL, BEZREI NI A DR RS~
DI E L THHEIN TS, CZ ETO SBO fERBRKIL. BRERAEWE,
B &R D BE., BEHANCL2EARGOERNRETSH L7 EHERH -
T2o 2T pu-PDVEZHWT, &EH SBO &7 7 A N—DBFRERRTZ, &5
(2 u-PD #EZHWT, EBEEHINS L 5B BEZH TS SBO fEdE 7 71 /3—D
B ERATZ, BONEEROME L LU TICRT,

85 2 BTl SBO ffdh O — EIRRIHE R & BVARIE 2 78372, BAEELSERRIC X
Y (SBO i b O —BA R & (b P EfmiITIE & A & L Tz, £72 SBO
i il OO BRI 1382 <AL PRI A H 0 IZ£0.1 mol% L FTh 5, SBO DIEFEL
13 63291/g THHZ LEHALMNT LI,

HIETIE, BHSBO MR Y 7 A N—DBERDOTD, BRSFMETHDFIET
FERE S REABLOZLN, SBO fER T 7 A NI RIFTEEL T2, u-PD
ETO/RBREIZ.CZEL Y b BBYHRBREOEE L Z TR TWNWEB I bND,
ERBEORE LI EVER T 7 A N—DOBRIT, R EEREDEB A /D7 <
THIENEETHD, TOEHICIFE. LD/ WVWE[E TIFEHEE (0.02mm/min).,
L /NS WVIREAR (56 °C/mm) TARA RORANZIE T 5F & LE LIk
BN LY ESER SBORERET 7 A NN—%ElT 5 L TCEETHLEAH LT,

%4 FE T, u-PD IEOREZE 272, u-PD IETO—BIAREER S DT
NWTEFEREHNWTHRER 7 7 A NN—% B LI, BRLIZER Y 7 A4 X—DOKHE
[IXZEEDBIZE SN, 221X SBO & SrB204 35 1 Y SrBe01o DAR THERL S 41T
72 RO AT ABE N X - CTHI X 2 S, MR A H T FER A w
TORMBORECL DO TH D, u-PD ETIE, BEIERFE O HFLH 6 ORI
OIS LY | SO RMPIREN R IR LY HIR < 22D, FEH 6 OHLER)
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OURER~D Z O R DOIREIT, CZ EIZ L - TR SH72 SBO fEf I8
BIN»-oT-RELOEEBLICMMOMEEL 5, FOREKE AT =X L
DETIVERE LT,

W5 ETCIL, EAWNGEEZNAT A SBO g DBERDOT-. BRETICELEZH]
AL, HALSBO fdh 2 RIFT BT ~To, iR O B Em~ES 2L
RN LREREERT S 2 LT, BHEROERRROREMICE N RS, &
JEEIMZ X v WEL % &> SBO #ES DB RIS Lz,

U EDZ e, CZETITERBHRAERE RS SBO LRIT LS 721FH
BRERE A CH u-PDIETIERITX A L 910725, 512 QPM H&EER D= D
RN LD WEEE SO SBO GO B Z AIRE L Lo, u-PDIEZ WL Z &
T, FBBERO SO DISANHFEEND,
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T

R EFATLE LD DI 20 | L0 KRFERZEGAIRE A E TR ELEH
RAMAME— SRR, BFET 8, EBRTE, EREROMREICHSOSELTEL DI
BETHMEALIBY E L, DEVESBILRL ETET,

BELZEZTTCVWEEE NGHIABICOWTEL OFBEERCER LB 2E
ATEE F LEFERIROERMB L, BLEASE, FILHREEE, TN, FH
WEBHH DO FR)BAE A IIIE S BILB L EIF £,

REBROATICE 20 | EAER S A TRERE BREAER & 13EFR TR ZED,
%< ORRERBEEHED Z ENTEE L, MaaOMESCEZE T dbREEEICE <
DIPELXTHEHESE L7, £-&RE DSC HETIE, MAESEEICHEH L CHEEL
oo DEVBILBL RITET,

AR CRHMEEIC R Y £ L@ TP RERY O« fad ., IAECHE, M
—EE I LDEZL OFEFRIZONOLBILE L BT £,

BT, A RFTRHATFHTNCE 720 2L D3R E < & > T2 mBIZIBILE L T
E3
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