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Growth of Li;B405 Single Crystals by a Pulling-Down Method

Takao KITAGAWA, Mikio HIGUCHI and Kohei KODAIRA
Division of Materials Science & Engineering, Graduate School of Engineering, Hokkaido University,

Kita-13, Nishi-8, Kita-ku, Sapporo-shi 060

Bubble-free, transparent Li,B,0; single crystals were grown by a newly developed pulling-down method.
The use of a two-zone vertical furnace with a Pt-crucible realized a relatively steep temperature gradient of
about 50°C/cm around the growth interface and a moderate gradient of about 13°C/cm below the interface,
contributing to prevent grown crystals from cracking. Even at a pulling-down rate of 0.75 mm/h, which is
higher than that in the Czochralski growth, the formation of bubbles was effectively suppressed at a rotation
rate of 25 rpm. Any crystals grown along [110] direction involved no low-angle grain boundaries, but twin-
ning was occasionally recognized. The dislocation density in the initial part of the crystal growth was found
to be about 5 x 103/cm? from an etch pit pattern, while X-ray topography of a vertical cross section revealed
that the number of dislocation lines decreased as the growth proceeded.
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Li,B,O07 (LBO) it 4 mm OEBICE L, EEM L R4HL
ELTHOLNTWAY, OB BRI E RN TIT
0(ppm/°C) THY, FI-BIHEEWESERIIKEOH6 5L
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F7-H4:521F (40mm ¢)dic LBO 46 & (BILsm T3
B, 4N) ZFHEL, LT OFE O RAEOEE AR ) 27
BICENHERE L. B OIFTEOMILY SEIC L - THE
L7zRbigI, #h, RERDIC LY 301FE » @R ORICR
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0.5~1mm/h OEHETHREREZER L. BHESRS» S (110) @
DU INZHOHL, SEPE SRS A\ o ME
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Fig. 1. Schematic diagram of the growth furnace for the pulling-
down method.



el e i

Journal of the Ceramic Society of Japan 105 [ 77 1997 617

BHBERKERWCL y F V7% - 7. BAOBEICIE,
(004) RO QL) EHHIC X A X P RS 7@ & FE L.

3. HREER

3.1 F M

Bl ETFER XABFEROBRICKE W T, BRSE & B
DOEOBRENRS & QICEBE LS. AR CHERLLETS
B sl LcBRFE, BRI A970°C, BHE#690°CICF
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Fig. 2. Temperature profile of the growth furnace; upper heater:
970°C, lower heater: 690°C.

lbm

Fig. 3. Li,B,O; single crystal grown at a pulling rate of 0.75 mm/h
and a rotation rate of 30 rpm.
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Fig. 4. Relationship between the formation of bubbles and
growth conditions.

ENBLONB -7z B4 KT ETFPEEIC IS % B &
SEORBFRERT. Bl TIEEN0.75 mm/h OB, MR
w25 rpm LT &9 % L KEORADRD LN/, TOKIE
SRR TR AR L, S & OEREAY —FIT oo
FERKT ETRESE L CWe. FIETFTEE%0.5mm/h &
5E, SEIBIVAFENCL AR, BEEERAH20 rpm LT
DA D ARRICI Y A N/ KEPFEL Tk,
Fie, BIETIHEED 1 mm/h LA ECER LCHR TR
¥#40rpm & L TCHKBOMVRAZDRDH D, ZOHEHIIHR
WR2FTERL, HRPOFICaT & LTRENRBA LTV .
EREBER COSEOM VAR, & L URERAIEHEICE
FABEORNMAEEL TWBEELDNS. TIETIFECK
B S B R B O W FZ B B0 5 29101038 & H#ER
X, Marangoni 33 & BT O 2 BENFEL TV 5.
Marangoni ®Hifil, BIREREOREZE k> TRERIICE
MELLC LICER L CRAEYS 5. HEARLEORKEREO
BERREATIGESIEEHETL, Thictt> TGREENT
ERTB. COREMENOENRE T &% - T, BROKER
HEEECR TREOTNAEL, #EE L CERAE TS
DEFEH SrRLBIC AN S AR ENS. —77, Ml
MRERTEEIRAZ LI L > TEL 57c®, Marangoni
SR & e, E ST IS\ CHRD B R ERIC A D
Fnezh, ChEOMEBEERICELS L, FHICE-T
132 OB BB BRI SER L, TORKRMAR
RICKESRD A EN/I-LD EEbhs.
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WL, SmFE LYV I VOREERETE YR 5 cRT.
INHEHBIE XD, 5lEFIFECI0IER L BiE s
IHEHMEBR R 2RO N o7z, —IC, IMEARA
IEEE R ARICFE L7CIRAL B BETIIT & - CHES LB
INBI, REREBIC VT, RERBTFORESR
MBISC/em TH A &5, B MIC 1D 5 BYG T & B
THDT/MEBRROREPMEITEB DL EbNS.
FlETHEIC LD [110]E R %Z 1T - 7= LBO BifEfic b g
KRB RDOONA T EBB o7z, C2EITBEWTE U AN,
HA2)EAEATE L, cEICB L TRIELTWS LA X
NTWB), BlE TR CH LN NREER Y SURLEDOT v
FVITHBROBEERF 6 ()IKRT. (I10)ELEOIvFy
B SUEE LTEY, ZOEMMS c#iimem < k5 Iy
L, 7, FEEAZFEATLIVHOY y FARELTY
720 TyFy PR cEICE L TIEFRTH D1, LBO IC
BB e+, c—STMORGHERBELTE D, Wikid c Bk
LTRELTWAZ EBPBLR RS R—OY VIV ek
ERTRE LEREFEYNG6 () ITRd. HAmEERITA
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Fig. 6. Polarized microphotograph of the cross section of a typi-
cal Li,B,0; single crystal.

(a)

(a)

(b)

Fig. 6. Microphotographs of the etched surface including twin
boundary. (a) High magnification, (b) low magnification.

(b) (©)

Fig. 7. X-ray topographs of the LBO single crystals. (a) (004) reflection of a (110) vertical cross section containing the seed-crystal junc-
tion, (b) (004) reflection of a (110) vertical cross section apart from (a) by 6 mm, (c) (112) reflection.
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D, IMERTRIFZEAERDOONEWERLD - 2. B,
X RS T K BBMOBERT- 7. BRIFTEICK L
TEAIZAI0)EZ YD H Loy T—a (004) B L 5 F
RS 78%E7 (@), DICEYT. M7 @IELEROES
MEEOCIIN—DBRTH L. ERPORMBITAGKRELE LT
AEND. ZORBEOFOTIZTRD B AERFLFROHEFITAE &
WamOBEE D O3 &V DTH Y, ZDOIMNIERALEE
HRBIC e - TR0, THIFERIIAICI A T /- Sz
GIEHMWTRE LTV, YL LER S SERAE b BERITA
IAHGTEY, BROMEE & & DIZZORIIHEA 4 S HEIC
Hode. M7 OIERT (a) EFTTHEICHD S 6 mm BEh
T O (110)HEME 2 FHREICIRE L2 A O ThH 5. Thidid
AT LA ERO N o7, ThHEDOXE RS
/)G, EMOFEFELFERIIERBEROMOSER U &
EEDBEAN THA T EPHELM 57z, £/, LBO Tit
AR2)EARMAEETH D, TOEMNTNYE TH S ATHEMEH
B, £ T, A0 b A12)EmHA Y TAN—ICw LT
BICW S XS0 Lie IA—% RV (112) @i e 5 &
Ll N7 QzoptErrdy. COFEEML, (112)
BT CRRMZGENT EA FRO LNV, XRS5
IZB\WC, Burgers X7 MUNEHTE & 1T CTH 5541011
MBOBRBEONTVWI ERMOENTHBY. Thd 2, &
BRI FEA: L7CERALIZ Z 01T & A ¥ (112) @ @ Burgers X
7 PVIZE->TELDDEELZONS. T2, H7 (@QICE
WCERAZAR I & COIR CHERITRICH L CRTICHU W 5
ZEn6, SIETHETIIRR AP WK CRE A
BELLEEZLNS.

4 &

FLORERERECH 55 ETHEIC L) LBO BfEG0HF
RARAL, UTOZERHELL 7.

(1) 759y 7Rl E %%\ LBO BfER%5| & T
££0.75 mm/h L BDBERILICH AN TEFRCEE CTHER T 5
LB TET.

(2) BIETHEENELS A ONCEEREY L5 &
W& D TIEOMD AR % < T EMNTE D, 5 & FIFEEN
Imm/h Bl EC7: % & EHREA40 rpm & L Ch s ddOEfic

a7 DFEATRD S,

(3) COHBLTHR L7 LBO ¥ESIc i3/ MEAR RIT G
FE LR\, Cz i & REE ¢ SN BE L CRER L7 AR IC 3
H 5T ERBER I N

(4) ERAFIE L OBARROREDHICIR D A ENIR
BICHIERC TR LT, BROMET L & bICF DRI
WA LTEY, BEORLEARD L.
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