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High-Quality Epitaxial Low Temperature Growth of In Situ
Phosphorus-Doped Si Films by Promoting Dispersion of Native Oxides
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Abstract

Two step growth of reduced pressure chemical vapor deposition has been successfully developed to
achieve in-situ phosphorus-doped silicon epilayers, and the characteristic evolution of their microstructures
has been investigated using scanning electron microscopy, transmission electron microscopy, and secondary
jon mass spectroscopy. The two step growth, which employs heavily in-situ P doped silicon buffer layer
grown at low temperature, proposes crucial advantages in manipulating crystal structures of in-situ phos-
phorus doped silicon, In particular, our experimental results showed that with annealing of the heavily P
doped silicon buffer layers, high-quality epitaxial silicon layers grew on it. The heavily doped phosphorus
in buffer layers introduces into native oxide and plays an important role in promoting the dispersion of
native oxides. Furthermore, the phosphorus doping concentration remains uniform depth distribution in
high quality single crystalline Si films obtained by the two step growth.
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Fig. 1. Bright field X-TEM images obtained

from Si buffer layers doped to (a) 1x
10"/ewe, (b) 1x10*/cr®, and (c) 1x10%/
o, respectively.
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Fig. 2. SEM images showing surface morphol-

ogy of (a) a film depcsited at 700 on
a wafer without any treatments, (b) a
film deposited by the two-step growth
with intermediate annealing at 700°¢C,
and (c) a film deposited by the two-
step growth with intermediate anne-
aling at 800T.
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Fig. 3. Depth profiles of phosphorus concen-
tration measured from of (a) a film
deposited at 700T on a wafer without
any treatments and (b) a film
deposited by the two-step growth
with intermediate annealing at 800<T.
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Bright field X-TEM images obtalned
from (a) a film deposited at 700 on
a wafer without any treatments, (b)
a film deposited by the two-step
growth with intermediate annealing
at 700TC. and (c) a film deposited by
the two-step growth with intermedi-
ate annealing at 800C. The arrows
in (a) and (b) indicate the V-shaped
defects formed with irregular distrib-
ution during the growth of Si film.
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Fig. 5. RBS spectra obtained from (a) a film
deposited by the two-step growth
with intermediate annealing at 700TC,
and (b) a film deposited by the two-
step growth with intermediate
annealing at 800TC. :
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Fig. 6. High resolution X~-TEM images of
(a) and (b) magnify atomic scale
arrangements at the interface of
film and substrate for the samples
Fig. 4(a) and (c), respectively.
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