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ABSTRACT

The fundamental conditions for growing r—6Bi,0; + Si0,(BS0O) single crystal plates by EFG(Edge—
defined Film—fed Growth) method, were investigated and the characterization, quality test, property
measurement were performed for obtained BSO single crystal plates. The optimum growing conditions
determined in this study were as follows:

« temperature gradient;24C/cm
« pulling rate;2.0mm/h.

BSO single crystal plates grown at the above optimum conditions did not include secondary phase or
grain boundary and were confirmed as single crystals by X—ray analysis. It was found that the single
crystal plates had (100) planes and <110> growth direction. Growth defects, ie, pore, void, inclusion,
striation, were not detected in the single crystal plate under polarizing microscope but dlslocatlons
(microscopic defect) were found and dislocation density was 5.1 X 10%/cm?
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Fig. 1. Electric furnace for EFG growing of
BSO single crystal, a;thermocouple, b;
window, c¢;Pt dit, d;alumina crucible e;
melt, f'refractor, g;seed holder, h;cover,
1;Pt wire, j;seed crystal, k;Pt crucible,
lI;heating elements m;alumina powder,
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Fig. 2. Temperature profile of the one zone fur-
nace.
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Fig. 3. Pt die for BSO single crystal plate by
EFG method.
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Fig. 4. Seed crystal(thickness 1.0mm)
(a) seed holder, (b) Pt wire, (c¢) (100)
plane
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Fig. 5. Setting of Pt Crucible and die.
(A) at room temperature
(B) at 910 C EFG furnace
(a) Pt die, (b) starting material, (¢) Pt
crucible, (d) Pt wire, (e) thermocouple,
(f) seed crystal, (b) melt
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Table 1. Growing conditions for BSioél_n*g—l;w N

crystal plate

Temperature
. Height of gradient at
Pulling rate L.
die tip crystal—melt
(mm/h) .
(mm) interface
(C/cm)
5.0 34 24
2.0 3.4 24
5.0 1.0 24
2.0 1.0 24
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Fig. 6. BSO single crystal grown for seed cry-
stal.
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Fig. 7. Schematic growing process of BSO single crystal plate.

(a) Pt die, (b) seed crystal, (c) meltzone, (f) solidified crystal

(<)

Fig. 8. BSO single crystal plate including defect (pulling rate 5.0mm/h)
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Fig. 9. Optical microphotograph of BSO single

crystal plate including void and pore
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Fig. 10. Setting of Pt crucible and die (A), Schematic growing process of BSO single plate
(B), (C)
(a) Pt die, (b) melt, (¢) thermocouple, {d) crystal, () melt zone, (f) solidified crystal
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Fig. 11. BSO single crystal plate grown by EFG

method(puiling rate 2.0mm/h)
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Table 2. Experimental growing condition and

results
Pulling [Height of | Temperature | Characteristic
rate die tip gradient of obtained
(mm/h) | (mm) ("C/em) crystals
5.0 3.4 24 pore and void
2.0 3.4 24 pore and void
5.0 1.0 24 inclusions
2.0 1.0 24 Good(cftencracked)
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Fig. 12. X —ray diffraction pattrens of BSO
crystal plate(A) and crystal powder(B)
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Fig. 14. Polished BSO single crystal plate (thic-
kness 1.0mm)

Fig. 15. Optical microphotograph of BSO single
crystal plate(thickness 1.0mm)
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Fig. 13. Back Laue reflection pattern of BSO 8 QB ZFati= Ro] B o] =
single crystal plate and growth Bo AlRZo| BRH&A EAstny B o
direction determination by the Laue H 2] inclusion $& A A gk
Technique. 3.3.3. etching 2 AYLE A
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Fig. 16. Etch pits in(100) plane of BSO single
crystal plate

Table 3. List of dislocation density of BSO.

Fig. 169 Rl etch pit $+E2E2E AYUEE
AN Z3 HF4 AYLEE 5.1%x10%/cmic]
Atk o] g2 AFHZAAo] Czochralski®y ol
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2 AT 22 BFEA Y z2AQ 2
T3] 24C/cm, JAESE 2.0mm/holl A A3
AlZl BSO w323 AAAYY void, pore,
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2} ordere] mAZE A/ 2AHAG A
A9 FHLAL SHNHI) ey FLoE A
2 seed crystal2 REl9] A 3 A4 F EA
ol Az thermal straind] &8 Aotk [14].

. Dislocation Density . Dislocation Density
Position Position
(mm/cm?) (mm/cm?)
1 5.6 x 10° 10 6.5x10°
2 5.2x10°% 11 5.3x105
3 4.4 x10° 12 5.1x10°%
4 4.9x10° 13 5.3x10%
5 5.1 x10° 14 45x10°
6 6.1 x10°% 15 5.2x10°
7 5.5x10% 16 4.3x10°
8 5.3x10° 17 5.0x10°
9 4.2%x10° 18 45%10°
Average 5.1 x10°
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€ Ao AAHALAL after heatingol] <oF
annealinge] &3] o|Fo|XX| ol BAF
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Fig. 17. Optical transmission of BSO single cry stal plate(thickness 0.5mm)
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