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Abstract

There is an important challenge to develop so-called shaped crystal growth
techniques offering ready-to—use crystals with form similar to the devices dimensions.
In those studies, spherical crystals have recently been paid much attention because those
spherical crystals can be applied to solar cell and gas sensor. However, there are many
problems to grow high quality spherical crystals with low-cost, and also there is no
growth technique to grow spherical oxide crystal.

In this paper, substrates repelling melts has been developed and high quality Si and
L,B4O; spherical crystals have been successfully grown on such substrates. The
phenomenon in which the contact angle of a liquid varies depending on the relief
structure on the substrate surface is known as the Cassie-Baxter theory. Based on the
Cassie-Baxter theory, melt are shaped a sphere by putting on such a relief structure, and
spherical melt are subsequently crystallized to spherical crystals. Fabrication of
substrates repelling melts was investigated by pore-forming agent removal method and
ink-jet printing. Also, high temperature in-situ observation of melts on prepared
substrates was carried out to evaluate substrates, and the contact angle of melts against
substrates was measured. Relief structures with size of several tens micron-order dots
were fabricated by ink jet printing, and spherical Si has been successfully grown on the
substrate with such surface structure. However, contact angles between Si melt and
prepared substrate was about 130°. But it is revealed that preparing relief structure by
the ink-jet is required long time and spherical Si is frequently fused with the prepared
substrate. Therefore, substrate with another structure was investigated to repel melt.

Porous ceramic substrates were developed by thermal decomposition of polymethyl
methacrylate (PMMA) spherical micro-particles. The ceramic substrate prepared has a
porous structure in which pores formed by thermal decomposition of PMMA spherical
particles are connected to each other. Spherical Si was grown on these prepared
structures and the contact angle formed by the Si melt and the surface of prepared
substrate was a maximum of 160°, and the infiltration of Si melt into the substrate was
not observed in this porous substrate prepared with PMMA which indicates that Si melt
did not fill inside the holes at the surface of substrate. On the other hands, the contact
angle was 77° for the substrate prepared without PMMA and it was clearly observed
that Si melt infiltrates into the substrate prepared without PMMA. Therefore, it was
confirmed that porous substrates prepared with PMMA have high characteristics of
repelling Si melt and reuse of substrates prepared with PMMA was multiple possible.
The impurity concentration of carbon and oxygen in grown spherical Si are below the
values contained in the specifications of Si for use in solar cells which grown Si crystal
satisfies the specifications for light elements for solar cells. From the etching result, it
was confirmed that grown spherical Si crystals are composed of single grain or twin.
Growth of high quality spherical Si crystals is possible on the developed substrate
repelling Si melt.

Growth of spherical Li,B4O7 crystal has been investigated using a substrate repelling
melt. The substrate repelling Li,B4O; melt have been fabricated with platinum and
carbon, and spherical Li;B4O7; was grown on porous carbon substrates for the first time.
Contact angle between porous carbon substrate and Li,B4O; was about 140°. Also
grown spherical Li;B4O; are composed of several crystals. Further investigations were
required to grow single spherical Li,B4O7 crystal.

As conclusions, new substrate structure repelling melts was developed and repelling
properties of substrates such as contact angle was revealed. High quality spherical Si
crystals have been successfully grown on prepared substrate. In addition, spherical
Li,B407 crystals were also grown successfully on the substrate repelling melt. Therefore,
it is expected that growth of high quality and varied types of spherical crystals is
possible using the developed substrate repelling melt.
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Fig.1-3 Schematic figure of a liquid drop showing the quantities in Young's equation.
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Fig. 1-4 Schematic figure of contact angle of chemically heterogeneous surface.
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Fig. 1-5 Schematic figure of prepared surface structure repelling melt.
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Fig. 1-6 Schematic figure of prepared porous ceramic substrate.
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TaY A-61HITONTIE, KBS (1992)D#H4E V& Tl s(br 4 EOER&ITKT
L 0.01 mass%ifi L7z, £7o, HEHOT7T ¥ — LT o=y AETIITE
EBRORERNOIWMELZELT A FOEEITH L 0.1 mass%iiIi Lz, ZDRT
J—ZbE—X I LUIBFRESROBERZ AW ToiLe. £ —X3
NEAWEERTIE, 73Ry B0 em’)E T FE—X(1 mm®)%E A
WTCEIHRER 180 rpm T 5 Wefl] B & A T o 70, Flo, BERICKDFERT
EARY 7 a L OFEICAI, BE R 200 w, 39 kHz)DO A~
D UM & 48 MRS U Coull L AT o 7o, BB ZIT > 7% b o
PR MR REBEER TR A 7 kD & HIREEEBNO ) AVEFEED
HOMEAE T2, EUDBEAEWRE R FA2RE LT, EO5BET
[R5 3500 rpm T 5 AT - 70, mOLBEEIC KL DD Lz SsNg O & F &% 7
RBH720, MNOCOA =T N XY A > 7 HOKGy % 7RFE S ERBRIKLOA
DEEZWHZ ETSEN,OEREZ RO, HEICMALERIZF L 7Y 2
—VPEG) N LT, SAEBNAER LT A > 7 Oy 23 2-1 17T
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Table 2-1 Composition of prepared ink.

222 A 7 ¥ =y MEIRREIZ X 2 MM SO ERE & 3

A7y MEIZED A 7 THRELZIEDER, iR A 7 DIFNEITE
ELChHD, BNIOIGEE, BRECEDLEBOA 7 3P R ENVE & ORFHEE
DEEWVC L VANEE DY Loz BMEEILFRELEY Lo
(2725 9, KR REMEEZIEDT-DITIE, A 7 BERICK L TELTFICA
VI PEERIRICAR D ONEE LV, LER> CREHEEZERT 5 HERIT A v
7 HHL KO T oD A7 EOEMADRRD 2 EOBKA(HEY &
Uy, YU B EECREKENE, —EIIERE L CTER L7 SizNg FERICEAR L
2o U B ZETKANTRBER D SN, R TR EE LNV ED, KK
JET 1100°C, 3 WrRABERL L7= SisNg ZEARICEBAM LT, HEV Y VA2 8AA L&
WA a, VU BEETBARZBME LKA b & LT,

A7 Yz NEEMICROIET #)DEE & [Xfif 7% 2-1 (2R 7, 2 OIEEIL,
oY HRICEVER2S um O AVinb A 7 2T 5~y RE AL
KO LA 7 ZBIET D20 E CCD W A T Zfix T\ b, A TY
AT EBELRNPS, MEROEBEDONT A= —2B{bSE 5T L T
WARHHREZBL N TED, SBICAT VI XY FAICBEITE 57
D, ZHUSEVERICTA RNy MBS 52 ENFRETH D,

AV 7% 500 um REHLOR) Fab L BA T LT VX —TAhEL
T A7 V=y MEBEOX 7 (ZRE L, KM EERFFZISERE D
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FRICIESES LR ZfE L, SHICmS 2 L TEEICT 272 0[FE TAL

(R R U LM E 2 ER L 7o, ERLL 72 3 DM HEE O rhil 43 D
fRe . R LA o A LIRS Z £ 2 1073, & ISR
LT BER 21T o 7o, BRDBERSRAF 2 3K 2 1R T,

—_Ink-jet head

=

[nk-jet head
controller

2-axis motorized
stage

Fig. 2-1 Ink-jet printing system used in the experiment. (a) Photograph of apparatus.

(b) Schematic figure of printing system.

Table 2-2 Preparation conditions of surface structures.
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223 B - REEEEZEH T D2EBIC L AERIRV Y 2 DFERK

TR L - REREE 2 AT D ER EIC U = VFEGI 10 mg) & R/, BRI %
AWT Ar FEK 1480°C, 6 ML C Bl L BEE 41T -7, FIREEIX
200°C/h, FEIRHEIL 150C/h & L7z, 2D#%, EREEBEEZDO Y 2 & DfH
OBl ZHE L, iR & R E OB OB &2 1T 72, S5ic, 1R
L7eREEEDHEIZL DY) av b RKm & OBEfADENZ IS 5720,
ERFPR 1500°C 6 FEfHE BER T 2 F CIERI L - REEE 4 A L72WER ET
HEERICERIR S Y 2 OFREIT o Te, BRLIEERS Y a0 27 HEid 5729,
BIRT Y = o NER O RRLR A BARER CBIE Lz, ZORRAELBET L0,
RV a U WrE 2 $EEAE L. £ 0%, IRE 10%0 NaOH /KigiE TR~
Y F T EIToT, BIRTV Y a v OB EITo7c%, R UERTERRS Y 2
AREERTE 20EFMT 5720, BAEOEREE & FR OB E % Bl
L7,
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23 MR LB
231 1B L7=A v 7 & RmEM MRS

ERL7TA 2713, BE—=X L, BEETHBMIELELLDA 7 b1V
Tz NMEBD ) ANNHA 7 I TE, N2 = OHEDFRETH -
Too IERLLToA VI AN L TWAERE X 22 1T d, fERLZE
T TS A [ 2-3 (a)-(e)l 97, MM IE a([X] 2-3(a) i35 BIERL L 72 T/ b
BRMMEE TH Y, MEOER 60 um, MR 40 um, &S 50 yum B TH - 72,
Wi B(X 2-3 (b)) SR BHBICER L0 TH Y . I OER 30 pm, fEFE
20 um, &S 20 um R TH o7z, 1ERL L 7= M ISRRE LIALEICA > 7 N FE
B L 72 o T2 T2 D IR B D 3 IR o T2, THUIHEEERPIZ A 7 0
ROFNER LI ENRERTH D, LA v 7 EREHETHIBEERZ 2~3
KR UL ERE T 2 EROE NN LTz, ZORREIZEICA > 7 PO RS L
oA 7 OMEENREL LT EE X LS, BlxlE, D.S.
Golovko 5 (200923 H/k K EICT > TV HELE T 1w m OKFEORIEZEF DL
LIZONTHRE LTS D, ZOWMET, B 20w m BOKEIEK | BTzl
THERELTNWD, A 7PHTL D/ ANVDOERIT25um ThhHled, =
DE|ED K 9 72D THRVVEE CTEBRF IR LT TWD LRSS, 2
DOMEZ RS D720, MR OEEZRNT 2501 T I v 7 AR ORI
BERBOTHEREEZIT o, Ll BBEERENEBEWZOER BIZE DA
I PRIVAN DR 720 £72, BT I v 7 AR FOER E~OFEHR LD
HENES 2 D EEFRT ORMARS ROMELH TS, 612, A7
D Si;N,RLF S EEEE LAREZe EOMMEAZ S ETZF LEZOND, LVE
FEO@EmWREMMES 2 ERT 2120314 7 ORFEZFHE L, FEBRPICE
BLRWA 7 AR RPN ETH 5, MiEEER O KRR b
THY ., 5X5 mOEEEERT 2 DIZ 5~6 Rl 7, B wEREZ A
TERIRY U a v oFKEEZFEREL T IZIE, KREAREBEOERICKEICHK
B2 RECTHERT OLEND D, LIEN->T, KEMOMMY S — /R
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THHEERTT OMLERD D,

Fig. 2-3 Microscope images of fabrication surface structure with conditions shown in

Table 2, (a)-(c) conditions, respectively.
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232 {ERLL 72 M E 2 RO R & D> U 2 R DOIE N DR
REHEZFR LR 2 O CRAREE LG O kiky U a v 05EE
X 2-4 (a)-(c)NZRT, REEEZER L2 TOERTERR S U 2 U ERIC X
Tz, BRORT YU a U REICEREDGFET D, ik, RS EEO Y 2T
DEEZICEY, BEERICFEL CTEEETH D, 1100°C THER L 72 MY
HEAEBMNOELNIRRY Y 3> A, BOREIITRFROWENTE L
TW/z(X 2-4 (a),(b)), EDX T LD, ZORFIROWEITL SizNy, ThH Z &3
Hhvo T2, SisNg I —fRANCEEBE RS ESE ¥ T 2 72 O BERIREE 1100°C Tl SisNy
KR +2IT/EE LR oo o Al EBRR iR P IZ B Y A A EERE
RRIZERIR S Y a o REICENTZ LB Z B D, —H. 1500°C THER L 72 MM
ENLBE LIRSV a2 /(X 2-4()DOEBNTRFIROWE ITELS . &%
RPBHR BT,
KEHEOFECTH, vV o OREERERERAX 2-5 1077, REKELH
LTWOBEIIRT Y a U pMERITE | X 2-5() 0 HREE#Z O Y 2 & Bk &
O OFEMAIL 135" BTHDL EHELL, —F T, REHEELHE L T\
AL 2-5(b) IR L72ARIZ, FERIRICERRE L TERIRIZAR B> 7, SisNg R
T o R OB IR 2 RMEOWE R D D% DA 407 Fitk DV TH
., REEEZE L TORVWERETOFEMAOKREOVEZ R LT,
WIT, REEE L (ERL L7256 OBl A O FZRIE & Cassie-Baxter DX V735
KO B DFFEME L EE LTz, Cassie-Baxter D& (DIZRT,

cos O =Ajcos 0 (+A,cos 0 » (1)

Ol IE 1 & 2 DR DER EOWRIKOEMATHY 0,1, 01N ZThD
WEOBMMATH D, Al AMIIWE 1 L 2 OEBESETHY A+A=1 TH D,
4] 2-5(a) DfEFIIMERL U 7= R MM A% & (X 2-3 (a) Th H 728, SizNyg CTEE
£ 60 um, B S 50 um OMFEAEE 40 um CTIEHESI L CIEA 2 MMEE L L
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THET S, WE 1 % SN, & LWE 2 284D Ar &35 & A=028, A,=0.72
E72%, Tz, SNy DY 3 RIS D BAA X 2-5(b)7> b A DHEf
A DONEEN RO 0 1=46° | KUK Ar OFERA T 0,=180° L7725, ZiLHD
BEPLFETDE 01 122° L7225, LEen-T, VU avilikoEz b -
T FENK T BIBNEIC Cassie -Baxter DIV HEHATE 5 LHER S ND, A v
7Y xy NHIRREIC Z VER L 72BN 2 WERICE D . Bonkekiky U v
XERRERICR Do To, Bk a BRI L7z v U = U JERHTA
10mg THHI-H  BROBETRFYEIC->T B2 bV, £7-., Cassie -Baxter
DR DERE vV 7 CER OB ERE DN S VT ERERA I BT 5720
L% M EE O E OB A AT S DI T 2, b L <L & M skic
ERLLTE Sy o2 /NS < 57 ECTHEMAZ 1807 IZITfTF TXL VBRI
b L BEbns,

(a)

Fig. 2-4 A-C Microscope images of as-grown spherical Silicon with conditions shown

in Table 2, (A)—(C) conditions, respectively.
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Fig. 2-5 Contact angle between a substrate and spherical Silicon. (a) As-grown Silicon

on a fabrication surface structure. (b) As-grown Silicon on substrate for which surface

structure was not fabricated.

TERL L 72 BRIR S Y o v OfE b M OBUERE R A X 2-6 1TRT, BIE LT7ZERIRS Y
2 FETHE, b LUTBEOEEN O > T, B TTEZHAWTELR
HERIRS V) 3 IR TR S LD AN S O AFZETIINE D L <
FEEOREREN DR DR Y a v BD—EFEoRETHE LN, Lo T, M
thR MmO L CRlfREEE L CTEONTERRS Y a2, TROFEKICEIVE=X
FOERK DY = U RIGEMAERAIETH D Z L AR L TN D,

Fig. 2-6 Microscope image of the cross-section of grown spherical Silicon after etching.
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233 R U = AREAE O B DB A

Wi A TOV ) o URlfREEGOEREEEZ EHEALBE L D, B
FOERR U 23 D3> TOTLE O BRI O BEMEE T E 2 X 2-7 1277,
X 2-7(a)D K DI TORMEE THARA~D VY 3 @R DR AT DI 5 FL
7o FRIRDNEMUNTIR AT BRI R O BA AR FREIC 722 5 T2 o BB R R
L%, FEAROWWIE (K 2-7(0)2 5 > U 2 L EROIE HIAFITRE A D 30 pm
FROWSETRLIANTND Z ERbroTz, ZHUFIA 7 U=y MET SN,
WL 2 & oA v 7 ZHERE L CIMEE 2 /ER L TU 2 320 SiaNy 28— R B 12
BEREMEMBE & 5720 Y, SNy B FF LR Fo A ST E MR B E I e -
RSN D, ZOREEOME CHIKAZ X2 TWDH oD, FEFAEDIZD
AVTEMEBIC AR DR A iA TR, X BT, TOEBRNE~NRAIANVTEEZZ BILD,
ST HERD SENGRL TR L OFEE 2 IZ T D 1o D RO BE S A2 S 61
BEd 2,

Infiltrating silicon melt Infiltrating silicon melt

Fig. 2-7 Microscope images of substrate after spherical Silicon crystals was grown.

(a) Top view. (b) Fracture of prepared substrate.
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24

SisNy © 7 2 v 7 AR T2 S oA v 7 ZERL, Zha A Tiig
WA REICFF OV Y 2 VRHRITIHEN R VR AERL LT, $72, Z0FEREH
WTERIRV U 2 2 ERL L 72,

(WIER L 7= R miE 1, i b & 22 Mg E I O EAK 30 pm, FFEK 20 um,
5 S 20 pm, Fe b BRI TR O EARKT 60 pm, [EFEAY 40 pm, & K9 50 um D
HETH o,

(2) Cassie -Baxter OFUZHES TER L 72 M &2 AWV TERIR S U a2 &2 F Rk
Lo, £, ZOMMEEIZ LD > U a2 UEEO EMRICK 28t A 23 m < 72
LENHDNE ST,

GEFLNTEHIR T Y 2 AERITOW A E CHEN B ORI B -> T,
L7cid o T, JERDOE TIESRHM b L T, mhianEREZAns 2 &
CERIFIET, £, PEIRER S Y 2 KEEMRLE IR T& 5 /6
WRH LRV Y a R EBONDERHALNE RS T,

@A > 7 Y=y MERFEIZ X DB RO ERDOIERIIMERET D RS RV

BEMENBENEREOMEN D Tz, Ko T, —ZICMMEE 2 FRHER 575
BT OMEND LFENHL L RoT,
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553 T ZAUEHRE V22 ) 2 R IR RO FRIAEIE O VR & ST
3.1 [ ZU®IT

B2 BECIEA 7 Yy MHIRNC X2 HEE RV TR RO MIEE O ERY
EATHo720, W O DORENRH LN ERoTz, FHUEA v 7 2= > NHIRIT
(IR 2o 3 2 K & 2R EABICFIRIT 2 O 1 X BRI AN 22 5 T 0 K B AEFE ISR ) &
Thh, Fio, EROPTHRWVEERBSCHEBMSMEE tofz, Lichio
T, BIOIERFHEEZ VT, LV EEIC SNy BT 2 v 7 A M & (ERL3
DUHENDH -T2, BEOHIEICENT, HEOEN L REEEOMEN
Cassie-Baxter O IZHE 5 (121, MIMEEORS NEETH 5 ENERIITR S
NTV5E 2, Lo T, KILREAE S FHECHERE L2262 i,
[FRRICIRAEZ S CE 2 BR T, BEIETIEISENGE T I v 7 2AOLZHVEE
D 7% MMEE DD W IIZHW D FiEE e LTz,

AETIE, KIEEMEREE YL SN, T 2 v 7 ALFUE ER & 1R
L7z, ZFVEEROFE CIIERZBRLT 58T I v 7 ADRE, ERFKRE D
BELTol, ERLICZAERER ETUY o offg & GEEZ1TV, Bk
Varzdl L., ZHEEREGEONTER Y a v LFHMEEITo 72, 61T,
[F U ALEER TR S ) 2 A EREIFRTE 208 L7z, 5 bz Ekik
U 3 OFETITERRE R AR L T O EROEORIAZBZE L. £/,
RH DT 24T 72, BREGME REb ST 5720, fifhE R OB GEE
DEFEEBRLIEER Y a0 Of@EEEZFM L., £ O/ R 2 i L T
FREEBE LT,
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3.2 EBR
3.2.1 LB IR OIERL & 3

JFEHDERIL SizsNg BT 2 v 7 A(FEHHER, SN-E10), 7E/L T 7 & SiO(HR
JIERAL R ME 99.99%, Kifk 1.8~2.0 um), KU A X 7 VLR A F /L (PMMA)
BRSO (R LAl T3R5 7 K U ~— SSX-102, SSX-105, SSX-110)%
Wiz, 25 OJF R E & T SizN,:SiO,: PMMA ERIRFSKL T-=4:1:5 DEIE T,
FLEA L FLBIZ L VRS L7z, PMMA BRIRIKLF DOAINEIL 71.0 vol% & LTz, Z
DWMBIXTFTEEROKERNOCED -, BE LR Z —#NE R (E A
800Kg)(Z & ¥ B 20 mm DOFRKRDOEAR A~ LTz, I, ZOEKRE~ v~
JVIFIZ LD RKUET T 600°C3 FefEfiifE L. 1100°C6 FEBERL 21TV, &EIZT
L FERIFICE Y Ny FHEA T T 1600°C1 BEREBERR L7z, & 5ic, Mo
RN ENGE & BT 5720, PMMA ERIRTORL -2 11 2 9712 Si3N,:Si0, =4:1
OEEL T, FHORECTEKREZER L, (ERLZEROMEEZ R X #RE
PHEXRD)(V # 7 B RINT2000, Cu Ko #R)Z LV [FE L, RilO#EEz EER
B TAMEE(SEM)(F—x o 2 #l VE-9800)(Z & 0 #BlZ2 L. (LFAY72 kT %
SR X R YEIE(EDX)( EDAX L, Genesis XM2)IZ L 0 37 L 7=,

322 ERILI-ZAUBEEWRE FAVZERR S Y 2 v OF Rk

RERVEIRIF (2 U AZ VT AT K8 HE-1700) 2 L, (B L 7=2FL 8k 7
Ry T ARERO BT a AR L BEE S TR Y a2 FR L. BRO
AT -7, BE & BEE O EERTIX, K10 mg DJFEEIS U a U CFER T L —
R B D BICFd, BERE KD ERET DMLEELE L -mMET L2
HA(T L— R 2)DFEHZF T, 1480°C 6 4y MIMNENFIEIHEEE 200°C/h, IR E
150°C/h) L 7=,

BIRT Y a v OBFREM EREL ST 5720, fEiEEREEOBGENE & 1l E
L7z, AT 2RMAE L, WHEE AT =Tn(FlAE R O B )-T (5 E R O
BE) & L, BAERFICARRBOBEZIM T, TOBEPLEESL VX
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D EEERFORRF 2B L, EXUIFICERE L TH D ENE X ) b BhAREF & BEE 7
DIREZHEE LTz, F 4 ETOZOGBEF 2 AW TZERIR S U 2 i bRF o
BENHIER VY 2 U REOEEITRE DORZIIHEET LENLALNLE ko7
7o, BRIV Y a U REICEENBAE LIRS ZEBETT EED, HmEEE
% 100~600C/h £ TENENERZ THER L mENERE & @m A E DORERIZ SN T
KTz,

BR U a2 R CHEEEIE R FTRE R T 2720, R CEMR THY
UK Y a0 2FM Lz, RUEREANCTHRET 2> ) 2 OMEDR
b5 EEUNCFHITE W, REIZ 4 DOESZFFOL FUE Stk 2 1R
Lic, ZOBEHOFTHRKRI Y a 2B LEIL L%, EBEHOPITHL
WEE U a v 2@EEERRY a0 2FRR LT,

BRLLTZERR S U 2 RIS EROMEL & LTl 2 0FHli T 5 72 O Rl
IREEDRIE LB DY a 2ERT D & 2 ORRZBIE LTz, NHMiRE
(B TTFR (KR, BR3R) & IRA A L EBIHTIE(SIMS) (CAMECA, IMS 6612 XY
ST LTz, BT, BonEkiky ) a2 #4000 OFRY v T EITo T
%, 10%NaOH /KiFiR CRFMET v F o 7 %17\, ORI R A BE LT,
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33 R EELE
3.3.1 VE®L U 72 Fobi D FEA

R L7727 2 v 7 AZIVEREROBAR X REHTZ — 2 3-1 1T77,
a-SisNy & /N X 72 Cristobalite (SiO)DEIHTE— 7 Z gl L 72, SizNg-SiOy DR T
I$ SiNoO MAERLT B ATREMEN B 5 L G VSN TV AR, ZOERTIZES T
— 7 IR I NIRRTz,

EBL L 72 FeA DB E & PMMA ERIRBRL 7 ORI R 2 TN ENE 2 TER LK
WEHE D SEM BEE % [X] 3-2 [Z777, PMMA BRIRGK 7% i 2 CTYERL L C & Bifg
& BERLATE CESARICE IZ N o 72, £72. SEM BEE D, PMMA ERHK
KLF DRI LV SNICKILBPFEL, £, ENENOK[ILDER L,
ZAARZ TR L TV T2(K 3-2(c)~(e))e [RAILO KR E S1THNZ 72 PMMA ERIRIECRL -
DORFEE —F L, R FOEDPRELSBRDIZONTRILB RELS o> Tn,
— 77T PMMA ERIRBRKI F & N 2 T e DRl R a k4 2k 9 L
DORARKIZN 1 pm LLTFIZ 72 5 £ TR DA PMMA % 2 7 Zik £ 0 H G722 5
LEFFSL IR 3-2(b)) (272572, SisNgRIFIFTBERE L T2y, BiAlE L
T Z 72 SiO, ITBEFENEL SN KL F- R L4 FE & S 2 %H % LT,

¥

1600+
BT s 9 O: a-Si;N,
1200- Q @ : Cristobalite (Si0,)

Intensity (cps)
0]
S
<

600-
400-
200- ULJ“
10 20 30 40 50 60 70
20/degree

Fig. 3-1 XRD pattern of prepared ceramic substrate.
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Fig.3-2 (a) Photograph of fabricated porous ceramic substrate and SEM image of
surface of each fabricated porous substrate using PMMA spherical particles with

different diameter; (b) not used, (c) 2 um, (d) 5 pm, (e) 10 pm.
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3.3.2 BRIRT U 2 OARRNZ K5 B DR & FRk L 72BRIR S U = o OFF

PMMA ERIRBERIFIC X WIER L 722 4LEE 7 X v 7 AR EClE S ¥ 72
Uz & PMMA BRIRBERL T 2 00 2 AR L 72 Bty B CREE S 72 ) v &
e LTc G HE 2K 3-3 1077, ZFUERENR ECERE L7z ) o L3RRS
Flo, YU arBRERNT~DRAAL R EIFEET, 2L T, Y Uarei
BIZEAE L Ted o 72(1X 3-3(a)) o MFRE L 72 Bt R il O RALE & @ik & DR oD
B A OBIMRMEITEE 4 BICTRS, —FH T, IR TOZRWEMR b TEEE

Lo U auiadepekiticzen . 7o, ERNEAEIRNERIAR, LT, &
W EEE L TW(K 3-3(b), L7eR-> T, BRI L2 EREROREICSH D]
IS 2N Y U = SRR O BARI 6 2 Bk & 1807 (TS 25 T BlRICIRE
R WEERE L THREL TERIRS Y a v 2B 0FENTERLEEBELALND, &b
(. AR O B3 2 BEfl A 23 @ < 7 D CEMR A DR BIA B 3 A B 1k
LizeEZ NS,

PMMA EIRIRL 72 00 2 9 TAERL U 72 Ak B CRlig & EE S8 72> U a2 03
FERANFE A Z ATE(K 3-3(b)), Rl ORF A /0T BRBEL . EREFRE ISk LK
FFIENZHKI S mm, EEIZK 300 um 72 -7, ZOFEAR, BEBEICB W TR G2 £
STRRIABDOBE L ZDOJFFOFAA N. Enstathopoulos ©(2010)”12 X 0 #4s
ENTWVD, ZOHETHE, BILINT SiNy OREIFEET D Si0, AU =
> & RE(Si+Si0,—2Si0) L T Si0 A AR AEL., £ LT, EROHN~EKT 54
AL E S TRAPALEENHE S D LA ST, R, ZFLEERNE
THRINMZ LY Si0O HANRRKEL, ZOH ADFAENERNEOES FHTO
RR DR ABEREFE LI EEZ BN D,

[ U ZFLUEERE OV CERR Y 2% 6 BIE THRYIELIER LZERIRT Y
Ay EERDBEEAY X 3-4 127, ZOBERE FEOFSITREFEIER 1T - 12K
Thh, RILERZHMAL CERI Y 2 2FR T xR LI, £
7o, FAUEREZBAWTRRKI0BERCTE2F MR LT, Lizn->T, /ERL
o) 3 CRRICIREN R VU R, BRIk ) 2 BRI RIS R R
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B2 BTN, #Er L TR Y a 2B R FEN RIS,

Fig. 3-3 Photograph of solidified silicon on fabricated substrate after melting

experiment. Solidified silicon on (a) the porous substrate and (b) the non-porous.

| 5 mm

Fig. 3-4 Repetitive melting experiment of silicon on the same porous ceramic substrate

with hollows. Numbers shown in upper left side indicate repeat times.
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BRLIEEKRKRS Y a0 0FREE | SEEATE L721% 10%NaOH KK TRG M
Ty F U T EATOETHRERAE RE LIEkiky ) a Va0 BB E%
X 3-512d, BRLEZERS Y a CREIZSBNREAF S, BREAMRT 5t
Ty I ZRFPMERIRD AL T DERFITIR N o7z, BRRS Y a2
RENCEENPTFET D0, IV o VR & BEEOMIZK 10%DEE=E
WEET 2720, v a VgEREICEE L TERSNZbDTHD, ZDZ%EE
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1 mm
Fig.3-5 Photograph of (a) as-grown spherical silicon crystals and (b) polished section of

grown spherical silicon crystals after 10%NaOHaq etching.
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Fig.3-6 In-situ observation of crystal growth of spherical silicon on porous substrate in a
tube furnace. (a) Spherical silicon melt before solidification. (b) Grown spherical silicon

crystals from melt.
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Fig. 3-7 Photo image of polished and etched section of spherical silicon crystals. (a)

Cooling rate 100~200 “C/h and (b) 300~600°C/h. The arrow is growth direction

estimated.

Table 1-1 Degree of supercooling estimated from the cooling rate.

Cooling rate (‘C/h)

100

200

300

400

600

Supercooling degree (C)

50

60~70

80

80

80
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Fig. 4-1 (a) Photograph of high temperature in-situ observation unit and (b) schematic

figure of the furnace.
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Melt t=0 s (Started crystallization)

t=5s t=10s

t=15 s (finished crystallization)
Fig. 4-2 Crystal growth of spherical silicon from low under cooling melt. Crystallization

started at t=0 s and finished at t=15 s, when projection was formed at bottom left

position due to volume expansion of silicon accompanied by solidification.
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0.5 mm

Without PMMA

(©) 0=150° | | (d)

S pum 10 pm
Fig. 4-3 Photographs of in-situ observation of the silicon melt on substrate. Variation of
contact angle of Silicon melt on substrate prepared without PMMA spherical
micro-particles (a) and with PMMA spherical micro-particles with the diameter of (b) 2
pm, (c) 5 um, and (d) 10 um. Measured contact angles are shown upper right side of

each figure.
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Fig. 5-1 Schematic figure of growth of spherical Li,B4O5.
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Fig.5-2 SEM image of fabricated porous Pt substrate using PMMA spherical particles.
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Fig.5-3 SEM image of fabricated carbon substrate rubbing with abrasive powder of(a)

#1320, (b) #2000 and (c) ¥ 4000.
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Fig.5-4 Photograph of substrate after melting experiment of Li,B40O7. (a) Solidified

Li,B407 on the porous Pt substrate fabricated with PMMA was spherical shape. (b)

Solidified Li,B407 on the smooth Pt substrate.
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Fig.5-5 Photographs of solidified Li,B4O7 on prepared substrate after melting
experiment. Variation of contact angle of Li,B4O7 on carbon substrate rubbed with (a)

320, (b) #2000 and (c) #4000 abrasive powder.
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Fig. 5-6 Polarizing microscope photograph of polished section of grown spherical

Li,B407 crystals.
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Fig.5-7 SEM image of porous carbon substrate prepared with phenol resin and PMMA

spherical particles.
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Contact angle (%)

Time (min)
Fig. 5-9 Contact angle of the Li,B4O7 melt on prepared substrate changing with time.
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Fig.5-10 Photographs of solidified Li,B4O7 on prepared substrate after melting
experiment. (a) Small spherical Li,B40O7 in diameter. (b) Large spherical Li,B4O7 in

diameter.

m
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Fig. 5-11 Polarizing microscope photograph of polished section of grown spherical
Li,B407 crystals. (a) Small spherical Li;B4O7 in diameter. (b) Large spherical Li;B4O;

in diameter.

79



ZIVE TR —/VSAW & Y DBFZE TR & L7z EEM & R DB b 1 3K b
D13 5 B A b (LazGasO). LINDOs' P72 ETh B, T HITRTHEL
ERICHIE LT D D K E DA 230°CHHIE THIEER & 2 2 37 DAl DR &
HIE L CREB BT 2 FIIRAIRETH D, /2. 7 A k& LiINbO; fdh D
BRICIIMEZEZEOCFEHIPLETH D20, I—Fh a2l LTEHRTE
RNTED . BN WER A ERT 5 DIXREECTH B, ERIK Li,BO, fiddld. 2
FTHR—/VSAW T3 2D ELE U THRET SN TE ILfdn LV b ESHEIME S
BEDR SO RN T2t Y 2 ELENTE, o, EEMIEORIR
ZHE L CERIREREZ TR CEX 270K a X MUICBNRD EE 2 DD,

80



5.4 fw

YU A PSMTSRT 5720, A& —AR D 2 DOFMIT LD LipB4O;
R RE U Tl W IR OIERL A 1T o 7o, F72, (ER L7 ET LipB4Oy
DFFE L EEE 21TV BEEY & B0 & ORI oA 2 B E L CEROFTM AT

>77,

(WBE&ZHWTZEN R WEROER T, FEICERE~H+ um OKILBFE
L. £77. AVWIZERE LZZ2EREA/ER LT-, LibB,O; OREEFEER CTIX, #b
WITEROMIZIET 51T E LB,

Q)77 v v —J—R U FERD ET LiBO; DRFEZITV, FEMRITHR L 90° ULk
DA 2 FF OS5 R OER LiB,O, O TERK LTz, HEREROM S
Ko T ANEN LT,

(3)7 = / —/VHHE & PMMA ki % A\ 72 ZFUE B OERI T, AV AN EiE
L TWRWKILERFSZAKREZER LT, £, SEZOHEEEEICLD .,
ERLL 72 R o #fi 13 1377 Th o7z, KV /NES22ERIR LbB.O 2 BT 5 2
& T, BRIR LipB4O7 AR T D i DI 2 O AN 2k 7-, Hfsdh O ERIR
LibB4O7 Z BT D72 DI2iE. /NSRBI i &2 B R 2 F0RK & an v Rk A
EROIBNRVWEREAWLIENEETHL LB X,

OHH =R ZRAWEZERIZE Y, BRR LiBO; 2O TEEER LZ, ZHET

HRER b AEd 2 BB AT 2 FER R - Tolod, 5%, BRI S B RRO
A A MHERICHE UM &2 615,

81



BE R

1) T. Katsumata, K. Ohshima, K. Oe, M. Hisamoto, T. Ohtaki, H. Konoura and K.
Takahashi, H. Nakagawa, Non-wetting container material for growing lithium and
barium borate crystals, J. Crystal Growth, 125, 270-280(2002).

2) H. S. Cruz , J. Spino, Georg Grathwohl, Nanocrystalline ZrO, ceramics with
idealized macropores, Journal of the European Ceramic Society, 28, 1783—-1791(2008).
3) L. Andersson, L. Bergstrom, Gas-filled microspheres as an expandable sacrificial
template for direct casting of complex-shaped macroporous ceramics, Journal of the
European Ceramic Society, 28, 2815-2821(2008).

4) S. H. Chaea, Y. W. Kim, Porosity control of porous silicon carbide ceramics, Journal
of the European Ceramic Society, Vol. 29, 2867-2872(2009).

5) P. Colombo, Engineering porosity in polymer-derived ceramics, Journal of the
European Ceramic Society, Vol. 28, 1389—1395(2008).

6) S. Uda, Influence of unit cluster size on nucleation rate of Li,B4O; melt, J. Crystal
Growth, 140, 128-138 (1994).

7) T E, “EEREOBNHIE", PEEZER, 58-59 (2007).

8) A. B. D. Cassie, S. Baxter, Wettability of Porous Surfaces, Trans. Faraday Soc., 40,
546-561(1944).

9) E. Hosono,S. Fujihara,l. Honma, H. Zhou, Superhydrophobic Perpendicular Nanopin
Film by the Bottom-Up Process, J. AM. CHEM. SOC., 127, 13458 (2005).

10) J. P. Hirt and G. M. Pound, Condensation and Evaporation, Pergamon, Oxford
(1963).

IHEHE A4 I 285, BT L7 b =7 A% 2 5 BEEmEEEN, 5
JREE, 371-372 (1999).

12) W —5], AN—/L SAW & ¥, EFFHIBEFEEE, 91, 1060-1065 (2008).
13) K. Kobari, Y. Yamamoto, M. Sakuma, S. Akao, T. Tsuji and K. Yamanaka,

Fabrication of Thin Sensitive Film of Ball Surface Acoustic Wave Sensor by Off-Axis

82



Spin-Coating Method, Jpn. J. Appl. Phys., 48, 07GG13 (2009).

14) S. Akao, N. Nakaso and K. Yamanaka, Observation of the roundtrips of surface
acoustic waves on a single crystal LiNbO3 ball, Jpn. J. Appl. Phys., 43, 3067-3070
(2004).

15) MAREIRIRR A A, BOIRSE 7 O RE 51k, Frats 4843986 5, 2011-10-21.

83



84



%6 E R

R 2 BRIRICHIE L TS 2 B AT 2R D FEIT, TROEMEIICE D =
A NI, FTo. WEEEOHIEIH T E 20T L0 BRSO OB &
BROLNDEIEN DN EORER S o 7o, BRI O BRI & 4 86
(BT D720, MBI R FIEIC X 0 IR 2§ U 7o @ IR AR iR 20
Wz V2B OB Z ATz, £ MR WEREZERST 5720, 1
Y=y MEREEZ O TREICMMNEEDER, RIZ, KUBEFRAIBREE
Z X0 ZAEEROERZITo T2, Flo, R LB 2 VWEREZHWVWT, &
ERCTHER SN TWDERRKR S Y 2 e RGER OB & 2R DERIR U = G
fay R72, KFEV TR E~DISHPER SN DR —/L SAW & Ok & 72
DERR LBsO, i A B LTZ, S HIZ, EIRAIK & miL 72 A & o ozl
AEPET D720, MBIIER L7-@miRZ OSBIEEBIC L BitA 2 HE L,
BEfil A & EAEE OBRICOWTEE L, BonofimOME2 L TICRT,

F1ETIE, BT RS Bz BhEd 2 BEEOHIE 287 L7,

BRETIE, A7V y FHIRREICLY SN, BT 2 v 7 A0 MG % &
MRFE LI L7z, WiC, ER LB R WERZ AW TERR S U 2 i
AER LT, £ U TERLCEN R WER &R OFHE 21TV, EERLE
FEAEE N Cassie -Baxter DRI AJRENEZL L 7=,

SisNg BT 2 v 7 AKI T2 B A 7 ZER L, ZhEHN A v IV =y
FEIRINVEIZ X0 REICESEEK+ um O F— LB O NE 3 A 72 R EEE 2 FO
ERAEER L, 72, ZNNENROVERE L CTHRET S 2 L 2R L,
EEE R DBERR U 3 v & R E ORI OB A3 1357 Th Y | R E % /R
LCWaeWERE Y bEEfARM E L, BRLULLZERIRS Y o U RR
THENTZHEEOREPOHRTWD Z L 2R L, 21FENERK Y 2K
P mELEI R A TE A FEERH L ER LT, LML, £ 7 Y=y B

85



EIRINEIC X AEN A WEROVERLIE I AN IEFIC 0 . £72, EHEHRELEN
RMEDOEENS -T2, Lo T, —ZFIZMMESEE1ERH k2 FiEE RS 54
EHRHLH-, BEIETILZFOFEEZRSF LI,

B3 ETIEH A7 Y=y MHIREL Y bEEICHVRWEREZERT 57
. RS FANER LKL FF OB ThHIUT, MWEEZ R - o Rk L
FARICRAIL 2 WERE LTRIATE 5 2&F X2, £2C, KULEREAIBRE % H
WTSENG BT X v 7 ADOLZHMEEER L, £ 2 HWTERRS Y 2 ViR &1
L7z, /BoNERY Y a R KGEMMEHIE L TV 225l %217 - 72,

HWZHEFE L2 2~10 um ORILEET 5 SisNg BT 2 v 7 AD LG HAR % 1
LT, o0 ERLUEERTERS Y a U OfER-ZITV . Wik e L
THMERETH D Z L 2R LT, BEZOHRY ) a 3EREEEET. £
T HARNEC AR IR AR A TV e o Tz, 22T, RIUEKZ 6 [BE THRY
WUERIRT U a o 2ERLL, BBl A T T U R A E LS TSR EER L
THEHATEL2ZEZ2MIR LI, BRLIEERKR Y a VIEBERELIINETH
o7z, b, MHEE S RGEMAH S Y 2 OREEL TE > T, Ko
T, KIGEMMEHIRATE L Z L3RS Te, LD > T, w72 WER T
BT D HEIZ, KGEMMEHIRAFRETH L EBZEX NIRRT Y a0 %
—EOTERTHELNDZD, 1EROFELIV BEONLEROEL 2 A MET
FRITHDLEBEZBND,

B4 ETIE, B3 ECIERLIEZAEERD Y 2 Rl & oA o
L. Fo, BRKERORBRCORTFEZBET 2720, MBI/ERLIZEIREZ
DOFBREE LY AV CHIE L BELITo T2,

PMMA R+ 2 M2 TUAER L 72tk E TR S ¥ 722 ) 2 v oA A X
77° THY . ELL2 um O PMMA R F &Mz CTEMLZZHEERE ) =
HEERA L 160° TH Y ELLS um THE 150° L EA 10 um TIX 138° Th o7z,

86



PMMA T F 212 TR U 72 2 FLE RO RILRITIE & A EZEITEVD IR
IR 7= ohr F DD S K 72 1T EHEf A 3 & < R DA B - 7272, B
A E < R DEMIZ ILVEEREROKARICERT 5 EE 2 55, PMMA
WORL T2 N2 TNHERL L 72 B 0 o U 2 U RlRIC kT3~ B i 13, R ol
LV BEWMELZ R L2720, 20 1 um LT OMRRILEZH LT\ elzd,
HEIE DIRIIE Wenzel DBEGFRICIED LB R BiLlz, —J7 T PMMA ki 72 il %
TR L 72 AR DA 13, DA 2R DR & EE @ VWEZ R L7 2
& DB Cassie-Baxter DFRUIES T2 E B Z HiLD, PMMA KL 2 11 2 3T /E#Y
LEERIZT Y a VEWRIZRAAATER, —FF T, T2z TER L&
WRCIXREHRIAE R 0T, TOBNIMERIUCL 2EF»LHATE, R
U7 R R & @R & D R T EOBEMA N RNST I 2RO L EBR LT,
LR o T ERILZEZIVE SNy ® T 2 v 7 ZERA VY = URR IS L TiF
NRWEWIREFSZ EE2RLT,

FSETIE, VU arLMNENRWERERAWCERIELICHT 5729,
Li>B4O7 BRI ZIRAL IR W AR DR & 2 412 FHWTZERIR LiBsO; DE R ZAT - 72,
EF. MMOBREOBRRERER~NSGA L ARICR D EEZbND Pt & H
W ERIEROME 21T 70, ER L7 ZFUE Pt EARIT LiBO7 AR IZ 6 LT
K <IEH 7z, Cassie-Baxter DR & JTIZ, LipB,O; i & Pt & O O#EflA % 90°
(2 DI EMRF ORIy OHEAEL A 50%. 7. 1607 12T D121 97%4
BEThHhDHEER L, WRIC, VT v —h—RrZ W@ bR 2 (e
TOMREITV, BRIR LipBOs i 2 (B9 5 Z LTt LTz, £ LT, 7=/
— VRS 2 AW IS L 0 VB h —R v Et A ERL L, BRIR Li,B,O; & B AL
Lz, &51C, BiRZFOHERERLZ AV CER L ZILVEER & LipBO; @ik
& O ORIE AT o7z, 1ER LTS IVE D —R V ERITERS L-KILE R
LTWRdno Tz, 8 L TWARWES, H3ETERLZL Y ZEmunidEnan
MREBONRNIZD, 5%, BROERGIEOE R LMFPLETH D, £

87



DIGBETIE, ER U 7SRO BIRIS 3 28 A 13 137 TH D, 180 o[l
BFLTOHEIZEDL o7z, LEEN-> T, BRI L2 ERABEICZE L T
HEPRENT, BRTHERRERORE ZE2E 2T, BEEREZITV, NS
IRERIR LioB4O7 DI ERL S N DR DIV 7273 o Tz, LTedi - T, ik & H
W& OEERERE A RS 32 & T, Biffds O LiBO; DERBATRETH HF &
EZoD,

Pl X olz, At xE L CA 7 ¥ = v MHIRRE & KILERAIFREIEIC
XU ERBIRICENL 2 WERZER L, 22 AW TERIR S Y = gL & BRIR
Li,B4O; fitidm & B AL L 72,

TV 3 URR IR WEERIZ DWW TIE, IEROMFEIZIENTT Y 2 L #E
BRI SRVSENGE T X v 7 AR HWERRZER S Y 2 v O F R
b oTc, Eio. MEARFEIC L DBAMERIE O ELEAIITOR TN D
D, FOIFE A ENFIRMETOKRRLMZR EOWRKICEAT 2R TH D, K
2 TP Cassie-Baxter DA JHH LR OBRIZ )T LB TIENE 2 I35
RAIWO T T D, iz, BNURWEREZ A 7 V= > MHEIRNE & RILTE AL
HIBRFEAED 2 DOFETHER L, FICKILERAIBREEDKILORE & 2B 512
FICX D7 OBNARVEROERIGE L TWD 2 N ahotz, MBICIERL
TEEiRZDOGBEEEZAWT, YV a ViR E MM EZERI LR O
MOEAAZRIE L., (FRLTEZAEEROKAED U o iR & O A
BB 252 LALLM LT,

TR U 723N 22 WER 2 AV TERIR S U o U A B L, Z O K
BHHOMELE LT, NHMEEOSTHE L TEBY, £/, WaE CHENTZ
HEORRNOHETND Z L 2R LTz, EROIERFGIETH D% FIEITEK
+m OBFmENLE T T LENCFURHRNR 2 8 E & b ST TR, Thicky
BFENEE IO CHEL R A0 E R EOHRRER A B 2 ERR#ETH - 17—,
EFEOHRS, % TIECTER Lo SBERE S E 5 72 & 0RIEHIEOYEN

88



T &, LrL, TEMEMIET 22 Tax MRS ITRERDH T,
TNHDFFEIK L, RFEOEN 2 WERE A NWD FEF—ED T ek 2T
TEEAGD Z ENFREE /2D Fi. LV EENEOR VKB O RS IZF]
ATELAMERH D ZLER LTz, SHIT, R—/L SAW T /31 ZDFELE 7
% ATREME D & 2 BRI LinB4O; i dit DIEFET RSO TRED LTz, TV E TERIRER
Witz EEBRT 2 REN Lo Tood, 5%, BRREREREBO =2 X |
HIRICHE ORI B2 Db, Ll ENEICIEY 7 v 7 BEEL., £
mChoTe, 77 v 7 ORWVEREOEIK Li,BO; fifft 2 BT 2121E, L0/
SRERFEREBRT HF, BUR & OFALA DB VBN WEREZ AN D E,
LGB EEE Z KBS sEN LoD, £z, LI LD ERE
BOBEFT AT o720, eV ERE LTHERE L2 o7, BE&IZX D\
UWNIEAR 0D IR SCA OB L & O B RS FIRE T 0 ARV iR 2 FF O 'E 723 i
OHIUL, MMOBLDRER OB S EBLTE HATREMENH D,

ABFSEIZ &V Cassie-Baxter DR & ToIZ HAR (MK % 18 D WBRAD 72 ik
WX @R OITNMELZSHE TE L Z EBNALNE R, TRV ER A
AWEBRFETER LR ) a 3 EER S LSERETHY . —FED
TERTEHMEOHRKERDIE DI, Eo, B WERIZ LV ERIR LiB,O; bbb
DERICSMRPI LI, LR T, R WEREZHAWD 2 & T4 28 EH O
BB REREREBRT A HIETE L ZENH/FSND, DI, 5%, @
HRITIFEL 72 WEERIZ DWW T OFEAT AR/ Y AREIZICH TE L, BRRE
b h O EAEERICME VIR LRIAATRER 1 > =2y MERIFH OV Y Rie K OB EIR
RME T A MEIZORR D EM~DOIEHAP RIS NS, LER->T, %I 57
HIRFIEED DMERD D,

89



EILaE

AL ZITLE LD DITHTY | I ARFRFEHRE T2 TR O/ MafE—
BAIIE, HrIEEE. EBRTIE, EREROMBRFIZOETE L TE OETEE
LR Z Y £ L7, DXV ESELE L ETET,

BRI EZTTCWEREE, 2, BXHFICOVWTELL DEERLRTE
LY EAZTEE E L2 IU 0 RERFRE TR o b IR ERE, &8
B, SrhEFEE., BEEAMERICIL, DX VEWLE L EFET,

AREBROBITICHIZY . HHACHIELTES £ LI IWARZET AR T

FEOPREMBZ. RHOREFEE, PHLOA, MFtRFE. ZAERK

T, FEE, FEREE. BAARIILD, L OFEERITIE, OO LEILE L
EFET,

%I, FAF TR T2, A RUNCE T, BOHMZE2E < 2 DIGEE L
TN - EER]L B O FICLXDEHLTEY £7°,

90



