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ABSTRACT

Various crystal detects such as voids, inclusions, dislocations, stacking faults and precipitates were ohserved
in the Czochralski-grown Bi,Ge(y crystals. Particularly, precipitates were found in the whole crystals. The
phase of these precipitates was idenlified as Bi,Ge;0p by EPMA and transmission electran microscopy. The
precipitates were produced by pulling rapidly from a non-stoichiometric charge. During the pulling of BiyGeOu
cryslals, the melt composition of stoichiometric charge was changed Bi-deficent with gradual volatilization of
B1,(s. Precipition of the second phase may have heen affected by an abrubt thermal stress. By adding excess
Bi:0O; into the stoichiometric batch, the precipitation of BiyGe, 0y, was suppressed. At a pulling speed of 2 mm/hr,
clear and precipitate free crystals of Bin.GeQx were grown from the melt of the Bis(y excess charge.
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Fig. I. Phatographs ol transverse wafers showmg the
crystal-melt interface. a) concave, b} flat and
¢} convex interface.

Flg 2. Qptical m]crograph (transmltled hight) of preci-
pilales in a BGO crystal
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c)

Fig. 3. SEM photographs of precipitates in BGO crystals a), b) and ¢) cut normal to growth axis, d) cut parallel

to growth axis.
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Table 1. Composition of BGO Crysials Grown from Stoichiometric and Non-stoichiometric Charge and Melt Sur-
face Determined for Chemical Analysis (compared with stoichiometric composition)

Component | Crysials grown from Crystals grown from Melt surface of Stoichiometric
stoichiometric charge nonstoichiometric charge gtoichipmetric charge composition

Bi.04 96.0 wt% 96.6 wi% 96.0 wt%o 96.4 wi%

GeOs; 4.0 wi% 34 wt% 4.0 wide 3.4 wi%

0.5 ym
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Fig. 5. TEM photographs of precipitate-matrix inter-
face. a) Bright field image, b) Dark field image,
) SADP of matrix crvstal (heam direction [11
3, d) SADP of precipitate (beam direction
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[ace, a} Bright field image, b) Dark field image
(121, ©) SADP of matrix crystal (beam direc-
tion T131 0w, & SADP of interface (beam dirce-
tion [13510).

=4n, h00 ; h=4n2 2 Uehld] g walh, Z715 123
2} FT 143d= AAFal (hho)elh, (h00)HE)
FHAubgel ujwz FEE 5 9k

EDS Z=AE-4 47} &4 (400), (800} 2 & h=4n<g]
ZAsnt 319 WS el MEEL FUT 143de) Bi
GeOpoldeh. 445 Z4 BGOY Axpdss 101529
Relm, M2E BiGeOp= 10520Ac21 =zl
aje) & vleh] B2, Fig 6¢ 4] hkl ; h+k+1=2n2] 7-&
LEfAdAE A2Ee IR 3R H4F 8l

ik

fizherl g bl
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Fig. 7. Photographs of BGO wafers (parallel to growth
direction) of crystals grown from Bi-rich melts
with various pulling speed. a) 2 mm/hr, b} 3
mm/hr, ¢} 4 mm/hr,
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Fig. 8. TEM mucrogrph of microvoid formed i BGO
crystals.

Fig. 9. SEM micrograph of Pt particle in precipitate
of Bi|GE;}O]g.
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