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Fig. 1 A Schematic drawing of MOCVD growth and x-ray measure-
ments.
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Table 1 Freedom parameters of each goniometer

X-ray source sample detector
4-axis diffractometer 0 3
6-axis diffractometer 1 3
Z-axis diffractometer 1 1

Detector
stage

Fig. 2 (a) Geometry and angle parameters of Z-axis diffractome-
ter. w and ¢ are the rotation angle of samples and the detec-
tor, respectively. u and y correspond to the incident and
reflected angles of x-rays. (b) Side view of Z-axis goniome-
ter. The y axis movement is synthesized by using one z-direc-
tion translation stage and one rotation stage.
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Fig. 3 The Z-axis diffractometer combined with the MOCVD reac-
tor. Whole system is installed in the cabinet which pressure is
lower than atmosphere.
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Fig. 4 Schematic drawing of the gas-supply system for the MOCVD
growth. 4-metalorganic sources and 2-high-pressure gas
sources will be available for the growth.
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Fig. 5 Surface (green) and bulk (violet) unit cells of the InP (001)
substrate. The InP 2 X 1 structure on the surface is composed
from the P-dimers and In atoms shifted along the [1-10]
direction. Open circles are the positions of P- and In-atoms
of the bulk crystal.
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Fig. 6 Changes of (5/2 0) Bragg diffraction of InP(001) surface
with various growth conditions. (a) TBP =5.4x 104 mol/
min. (b) TBP=7.1X10-4mol/min, TMI=1.4 X 10-6mol/
min. (¢c) TBP=7.1x10"4mol/min, TMI=2.7 X 10~¢ mol/
min. (d) TBP=7.1Xx10"4mol/min. After starting the
growth, decreases of the peak intensity and widening of the
peak widths are observed.
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Fig. 7 Change of (5/2 0) peak intensity during the growth. After
starting the growth, peak intensity decreased immediately,
and slowly recovered after stopping In supply.
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Fig. 8 Change of (5/2 0) peak intensity with various TBP flow-
rate. Peak intensity did not show obvious changes until TBP
flow rate became 1.8 X 10~4mol/min, suggesting that the
threshold of the balanced absorption and desorption of
P-atoms are between 1.8 and 3.6 X 10~ 4 mol/min.
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Fig. 9 (a) Changes of x-ray reflectivity of the InP substrate with
various surface roughness and incident angles. (b) Depen-
dence of the reflectivity on various surface-roughness at
different Q, values.
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Fig. 10 Changes of x-ray reflectivity at Ts=400°C with various
growth conditions. (a) TBP=2.2X10"4mol/min, (b)
TBP=4.5%10"4mol/min, and (¢c) TBP=11.1%X10"4mol
/min. During the growth, constant TMI (1.3 x10-6mol/
min) was provided.
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Fig. 11 Changes of x-ray reflectivity at Ts=500°C with various
growth conditions. (a) TBP=6.72x10"4mol/min and
TMI=3.2%10-%mol/min, (b) TBP=6.7 X 10~ mol/min
and TMI=6.5% 10-6 mol/min, and (¢) TBP=13.4x10"4
mol/min and TMI=6.5 % 10-6 mol/min.
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Fig. 2 Changes of x-ray reflectivity at Ts=550°C with various
growth conditions. (a) TMI=3.9x10 - ¢mol/min, (b)
TMI=5.2%X10-¢mol/min, and (¢) TMI=6.5x10"6mol/
min. During the growth, constant TBP (26.8 x 10~4 mol/
min) was provided.
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Real-time Observation of Epitaxial Crystal Growth
in Gaseous Environment Using X-ray Diffraction and
X-ray Reflectometry

Tomoaki KAWAMURA?2 NTT Basic Research Laboratories, NTT Corporation,
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Abstract We made the x-ray diffractometer combined with the MOCVD growth system for the real-time ob-
servation of epitaxial growth in gaseous environment, and investigated the growth mechanism of InP crystals.
Changes of the (-5/2 0) Bragg diffraction during the growth revealed that the growth starts immediately after
the In source has been supplied and gradually stopped, owing to the migrating In atoms on the surface. Addi-
tionally, one can easily determine the growth modes, including 3-dimennsional mode, layer-by-layer mode,
and step-flow mode, by observing the change of x-ray reflectivity with various growth conditions.
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