


TRT— T

.-—w&a:ﬁmﬁ‘é
USCEE Report 455

UNIVERSITY OF SOUTHERN CALIFORNIA

GROWTH AND CHARACTERIZATION OF GaAs
AND MIXED III-V SEMICONDUCTOR COMPOUNDS

Vincent F, S. Yip
June 1973
A dissertation presented in partial fulfillment of the requirements

for the degree of Doctor of Philosophy in Materials Science.

This research was supported by the Advanced Research Projects
Agency of the Department of Defense under Grant DAHC-15-72-G7.

The views and conclusicns contained in this document are those

of the author and should not be interpreted as necessarily
representing the official policies, either expressed or implied, of
the Advanced Research Projects Agency or the U. S. Government.

ELECTRONIC SCIENCES LABORATORY

Approved for public release with unlimited distribution

Reproduced by

NATIONAL TECHNICAL
INFORMATION SERVICE

U S Deportment of Commerce
pringfie.d VA 22151








































































































































Figure 7:
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GaAs ingot cast by vertical gradient freeze technique.
A. Assembled ampoule before casting;
B. Cast ingots.
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Figure 9: Three GaAs ingots grown by the vertical gradient freeze
technique.
A, Ingot GF-30
B. Ingot GF-31
C. Ingot GF-32



Figure 10: A longitudinal section of a vertical gradient freeze
grown ingot GF-3F (T-Top, B-Bottom) showing the
grain selection during growth.
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Figure 11:

Defects in GaAs ingots cast by vertical gradient freeze
technique.

A. Voids at periphery

B. Central void or crack
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Ga As CATHODOLUMINESCENCE
GF-25 x INTENSITY PROBE
/" {110) FACE DO PROFILE SCAN

ZERO UINE

Fioure 13,  CATiODOLUMINESCENCE OF VERTICAL GRADIENT FREEZE GROWN DaAs












Figure 14:

Original apparatus for THM growth.
A. Furnace

B. 110 volt variable autotransformer
C. Sola constant voltage transformer
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Figure 16: A typical assembled THM fused silica ampoule (A)
showing the GaAs feed (F) the Ga Zone (Z) and the
single crystal seed (S).
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Figure 17. Photograph of travelling heater 1II-V growth apparatus
partially filled with bubbled alumina.

Figure 18: Photograph of quenched Ga zone.
















Figure 19: Longitudinal cross-section of THM-2 grown by self-
seeding (T-Top, B-Bottom).
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Figure 20: Longitudinal cross-section of THM-3 grown by self
seeding (T-Top, B-Bottom).
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Figure 21:

Cross sections of THM-11 taken perpendicular to the
110 seeding direction (S-seed slice, F-final slice).







Figure 23:

a, Melt grown seed

b. THM grown crystal

{111)Ga etch pits of THM-9
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Figure 24:

The cathodoluminescence profile scan of a poly-
crystalline slice from THM-4 showing the égrains and

» » - 2
grain boundaries. Area covered was ~10”“7cm®,







Figure 24:

The cathodoluminescence profile scan of a poly-
crystalline slice from THM-4 showing the égrains and

» » - 2
grain boundaries. Area covered was ~10”“7cm®,








































Figure 33:

Travelling heater GaAs grown at 1.5 mm/day with
different initial Ga zones.

THM-61 - 0.55 cm

THM-40 - 0.70 cm

THM-62 - 1.0 cm

THM-41 - 1.55 cm
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Figure 34: Sectioned THM GaAs grown with a heater temperature of

980°C at
THM-61 -
THM~89 -
THM-39 -
THM-44 -
Voids at
vertical

four different lowering rates.

1.5 mm/day

2.22 mm/day

4 .44 mm/day

6.66 mm/day

bottom 1 cm of ingots are gas bubbles in the
gradient freeze grown seeds used.







Figure 35:

Single GaAs crystal CZ-41, grown by liquid-seal
Czochralski technique, from which+ 111 and 110
seed crystals were obtained for seeding THM growths,
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<111>As

Figure 36: THM-71. Te doped and grown in 111 As direction.

Figure 37: THM-71. Te doped and grown in the 111 As
direction,
THM-86. Cr doped and grown in the 110 direction.
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Figure 38: THM-84. Cr doped, crystal developed into a 111
grain at an angle of 35916' to the original (110) seed

plane.
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(b)

~1.46 cm

SEED’ (111 )PLAN’I'}-:

Figure 39(a): (111) slices of THM-72 showing the sequence of
formation and propagation of the three (111) twins
(Slice S-O mm, Slice F-19 mm from seed).

Figure 39(b): Schematic showing geometric relationship between
the three (111) planes and the (111) seed plane.






(e) (@)

Figure 39(c): A side view of sandblasted crystal THM-72 showing
traces of Ga inclusions, twinning and grain gen-
eration approximately parallel to one of the
three (111) planes at 70.5° to the (111) seed
plane.

Figure 39(d): The Figure 39(c) side polished, showing initia-
tion of (111) twin near bottom (111) seed inter-
face and later sequence of grain and twin form-
ation. L-L' is the polished side as shown in
Figure 39(a).
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Figure 47: Five cast ingots of feed GaxInl be material.

Nc. 5 and No. 7: Gao. 9In0. 1Sb
5 . 10:
No. 9 and No 0 Gao. SInO. 5Sb
. L L
No. 1 Gao. _',Ino. 3'Sb
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Figure 48: THM Gaxlnl_be ingots and slow-cooled casting
grown from feed material Caﬂ.SInO_SSb (THM-77)
and Gag_gInp, 1Sb (THM-87 and casting).
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Figure 54: A slice from Ga Al, As THM-88 taken 2mm from
the (111) As seed GaAs. The grains appeared to have
nucleated at the BN crucible wall.































































































































































































