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Abstract

Single crystals of TeOz with large diameter were grown by Czochralski technique with auto-diameter control
system. The ratio of crystal to crucible was 60~70 %. The effect of critical pulling and rotation rate on the
crystal quality was studied. Optimum growth parameters for high quality crystal are closely related with the
thermal gradients of the interface. It was found that the suitable pulling rate was less than 12 mm/hr. The
solid-liquid interface was convex at the rotation rate of 10-23 rpm and concave at the rotation rate of more
than 25 rpm, depending on the size of crystal and crucible. The platinum concentration in the melts is one of
the main factors of the constitutional supercooling and thus the bubble entrapment in the growing crystal.
Growth axis was confirmed to {110} direction during the whole growth procedure. Infrared spectrometric study
and dislocation density measurement by chemical etching method on the grown crystal were performed. Finally,
the reasons of cooperation of striations, inclusions, and optical inhomogeneities were discussed.
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Table 1. The physical properties of parateliurite,
Melting point, C 733

Density, g/cm3 6.019

Hardness, Mohs scale 4

Heat of fusion, kcal/mole 70

Heat of sublimation, kcal/mole 59

Heat of vaporization, kcal/mole 517

Vapour pressure(solid) A =12324
logioPmm = A ~ B/T B =1322
Vapour pressure(liquid) A =10248
logiPem = A - B/T B = 11,300
Heat of formation,

AHgz0s, keal/mole -5

Free energy of formation,

AFrxg keal/mole 645
Coefficient of thermal expansion, 55%10°% <001>
g, C* 21X10° <100>
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Fig. 1 Schematic diagram of Czochralski system used in this study.
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Fig: 2. Experimental procedure for the single crystal
growth by Czochralski method.
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last_a”.res:=w_{filtered;

wl_lsm:=0; w_lsm:=0;

For i:= 1 to n_approx Do Begin

last_a=last_a".next;

wl_lsm=wl_lsm + last_a"res * 1;

w_lsmi=w_lsm + last_a"res;

End;

old_w:=w_lsm/n_approx;

Gi=3600(s_t*old_w
wl_lsm)/(s_t*s_t/n_approx-s_t2);

9ol A n_approx= Al(1)e) Nej| sjgsle @24
HALEE ofr T9E Al wed Ate 1/3600
7} 9}, w8 BeE JEEs e Aee o
o] it}

w_aver-=w_avertw,

If j_v >= n_aver Then Begin
w=w_aver/]_v,

w_aver'= (;
Gi=3600%(w-old_w)/i_v
old_w:=w,; j_vi=0;

End;

Inc(_v);
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integral:=integral + Ei/3600;

wint:=k_intxintegral; (integral)

u_prop:=k_propxdiff;(proportional)

wdif:=k_dif+(diff-old_diff)*3600; (differential)

Ri=u prop + wint + u_dif;

heater_base:=heater_base + R/900;
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Fig. 4. The flow chart of auto~diameter control system.
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Table 2. The growth parameters and specifications for the grown crystals selected.

TRy B B o0 @ G 06 B o Cu CZ o OB
pulling rate(mm/hr) |1 8 8 -7 7 Vi Ni 7 12 16 1 1
rotation rate(rpm) 15 30 3% 20 17-23 20-23 2023 20-22 2023 20-19 20 20
cry. length(mm) 7 4 43 24 66 47 33 47 57 62 30 140
cry, diameter(mm) |49 21 18 HF H B B3l 30 2 29 30
interface shape 006 +031 00 - 04 -003 008 -0 066 04 006 O0M
cry. weight(g) 5 5 3 R 2713 140 102 14 169 143 62 108
melt used(%6) 4H 13 9. - 53 0 2 3B 45 26 16 23
shouldering angle(" )|31.8 43 435 74 42 5 66 % 50 28 46 57
afterheater X X X X 0 0 ) 0 0 0 0 0
running time(hrs) 5 49 50 24 % 49 3l 43 36 29 A4 A
transparency G E. E. G E. E. E. E. G G G E

The numbers of the interface shape indicate the value of concavity(-) and convexity(+) H/D of the grown crystals.

Abbreviations: Cry, crystal; E, excellent; ; G, good.
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Fig. 8 Photographs of growth striations of the
crystals ; a) grown by simple ternperature
control and b) auto-diameter control with load
cell.
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Fig. 9. Configuration of growth ridges on the
- 150 - shoulder part of grown crystal in this study.
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Fig. 12 The results of constitutional supercooling
from the increase of impurity in the melts.
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