ORIGINAL {3)

EFEEECELSFEREVAVD
BERIEYFL v LERE

koW & B T —% OB B OR* R OE BoRM™
* BRMASETEE F 180 HEE@iEK AR 341

w5 e ) (EOBREIREIER T 152 HEHEREbH 2-2-1
(1081 4E 4 B 22 HEM)

Solid Phase Epitaxial Growth of Vacuum Deposited Amorphous Silicon

Iwao Ohdomari®*, Masakazu Kakumu®, Toshio Saito*, and Takao Yonehara**

* School of Science and Engineering, Waseda University,, 3-4-1, Ohkubo, Shinjuku-ku, Tokyo, 160
#% (anon Rescarch and Development Center, Canon Inc, 2-2-1, Nakane, Meguro-ku, Tokyo, 152

(Received April 22, 1981)

Solid phase epitaxial grouth (SPE) of vacuum-deposited amorphous silicon (a-8i} has been examined
using transmission electron microscopy (TEM) and electron spin resonance (ESR). We have demo-
nstrated that the surface cleanliness of the crystalline silicon {c-5i) substrate and impurities introdu-
ced during deposition have a great influence on the SPE process of a-Si. For a-5i deposited on a
o-8i surface cleaned by iterative sputiering and annesling in ultra high vacuum, we have obtained
good epitaxiai greth layers comparable to bulk c-3i.

Behavior of the EPR signal dvring annealing can be well explained on the basis eof the TEM
observation that there are void networks in an a-5i film depesited on ¢-8i having the native oxide
No such structure exists in an a-3i film on ¢-5i with a clean surface. the structure of a-Si, where
SPE occurs at a high rate, is compared with that of ion bombarded a-Si. We have discussed &

mechanism of SPE on the basis of an a-3if{100} c-5i interface mode! not having any dangling bonds.
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Fig. 1 Schematic diagram of experimental MBE system.
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Fig, 2 Auger clectron spectra from the ¢-Si
wafer before and after surface treatment.
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Fig., 3 TED pattern for post-annealed a-Si layer
(vacuum deposited on c¢-Si, film thickness =
1200 A, after 900°C anneal for 30 min),

Pig. 4 Modified MTP model which includes
secondary twins on the ‘downward-pointing’
{111} faces of primary twins; the matrix is
the tetrahedron QABC,
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Tig. 6 TEM and TED patterns of a-3i film of
c-1 at wvarious annealing temperatures for
hours. {a) as-depo. (b} 300°C, {(c) 400°C. (d}
500°C. (e) 600°C. (f) 700°C.
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Fig. 8 TED patterns of a-3i films of c¢-1 after
550°C annealing for (a) 15min, (b} 30 min.
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Fig. 9 Comperison of the spin density for a-Si
with and without sarface treatment as a
function of the annealing temperature. The
spin density for ¢-1 is reduced monotonically,
for ¢-2 there is a peak at 600°C annealing,
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Fig. 10 The linewidth measured at 203K for
a-5i films deposited on ¢-5i with and witho-
ut surface treatment annealed at various
temperatures.
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Fig. 12 Two different structures of a-Si film,
(a) Isolated microvoids. {b) Void mnetworks
between clusters of a-51 which are connected
by bridges.
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Fig, 13 Schematic picture of quasilinear (100}
edge between (111) pseudofaces of cluster
of a:5i film. (a) Before surface reconstruction.
{b) Dangling bonds on reconstructed quasilin-
ear (100) edge. Reconstructed (111) pseudo-
faces have no dangling bonds which act as
ESR centers.
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