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Abstract

The effects of compositional variation, rotation sp-
eed and pulling rate on the growth of optical quality
Bi2GeOy crystals were examined. It was found to f-
latten the shape of crystal-melt interface for growing
a single crystals less than about 30mm in diameter at
the rotation speed of 50rpm. Diameter of crystals wi-
th flat interface was increased as the pulling rate. Th-
e precipitation of BiyGe;O;, phase set limits to pulli-
ng rate of BGO crystals. Precipitate—free BGO cryst-
als were grown under pulling rate of 2mm /hr which
released the stress resulted from too high pulling rat-
e, and from 6.1Bi,0;-GeO, batch composition obtain-
ed by addition of 0.1 mole Bi,O5 into Bi—deficient m-
elts to fill up the deficiency resulted from gradual vo-
latilization of Bi,O;. The pale-yellow colored crystals
had good quality in that dislocation density was less
than 10° pits / crf, and it also exhibited transmittance
of 70% and optical activity of 23°/mm, and SAW
velosity was measured 1700m /sec on 111 cut 110 p-
ropagating BGO crystals. The SAW filter with electr-
ode thickness of 9.8 #m was fabricated by using the
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electron beam and dry etching technique, it makes B-
i12GeOy devices intersting for color TV IF filter with
half device size.
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Fig. 2 Flow chart of BGO growing.
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Fig. 3 Photographs of BGO crystals grown along (111} direction
with the growth rate of 3mm/hr at various rotation rate.
a) 20 rpm b) 30 rpm ¢) 40 rpm d) 50 rpm e) 60 rpm
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Table 1 Experimental conditions and results for the pulling of BGO c-

Crucible | Crystal | Pulling | Rotation | Temperature|  Interface
Crystals | diameter | diameter |  rate rate gradient | shape to the
(] | ] |(w/k)| (pm] | [C/cu] melt
a) 37 135 3 20 10 convex
b) 37 135 3 30 10 convex
<) 37 135 3 40 10 convex
d) 37 101°) 3 50 10 flat
e) 37 99 3 60 10 | small concave
f) 37 87| 25 50 10 flat
g 37 145 | 45 50 10 flat
h) 37 9.4 5 50 10 convex
i) 37 10.0 6 50 10 convex
i) 37 114 6 50 10 convex
k) 37 129 6 50 10 convex
)] 37 155 6 50 10 nearly fiat
m) 37 15.6 7 50 10 flat
n) 37 18.6 7 50 10 concave
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Fig. 4 Photographs of Bi;;GeO», crystals grown from Bi,Os-rich
melts. a. 50 rrm, 2om/ h b. 50 rrm, 3mm/ h

¢. 50 rrm, 4nm /b d. 50 rrm, Sam/ h ¢. 50 rrm, 6mm/h

f. 50 rrm, 7mm/h g. 50 rrm, 8mm/h h. 50 rrm, 9mm/ h
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Table 2 Composition of melt surface and BGO crystals grown from st-
oichiometric charge and non-stoichiometric charge.

Compo-

Crystals grown from|Crystals grown from ~ [Melt surface of
charge
Bi,O; 9 wt% 96 6 wt% 96.0 wt%
GeO, 4 wt% 3.4 wt% 4.0 wt%

Fig. 5 Optical micrograph(transmitted light) of precipitates in a
BGO crystal.
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Table 3 Impurities concentration of BGO crystals grown from stoichio-
metric charge and non-stoichiometric charge. ’

| Compo- Crystals grown with Crystals'gmwnwith
nent 3an/hr from 2an/hr from
ihiometic charge chiometic charge
Fe S ppm 1.65 ppm
Mn <1 ppm <1 ppm
Cr <1 ppm <1 ppm
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Fig. 6 Photographs of BGO crystal grown from Bi,Os-rich melts
with 2mm / hr pulling speed in S0cc Pt crucible.
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Fig. 7 Photographs of the etchpits in BGO crystals grown from

Bi-rich melts.
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Fig. 8 Transmittance of the polished BGO crystal.
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