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Annealing Effects on Transition Region at Si-SiO, Interface
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Toshio TSURUSHIMA
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Abstract: Annealing effects on transition regions at the Si-SiOg interface for thin oxide films have been
investigated. Thin oxide films with thickness less than 100A were prepared by the following methods:
(1) dry oxidation, (2) dry oxidation and subsequent annealing in an argon atmosphere, and (3) thinning
of thick oxide films formed by dry oxidation. The values of barrier height for electrons at the Si-SiOs
interface have been evaluated from Fowler-Nordheim plots. The values for the samples prepared by (2)
and (3) were larger than that by (1). The increase of the barrier height is attributed to the decrease of
transition regions induced by annealing or oxidation for long periods. XPS and growth rate measurements
were also performed for ultra thin dioxide films formed at low temperature of 600 °C. The results show
that the transition regions, containing suboxides, are formed in the initial stage of oxidation. On the
basis of these observations, a model of the decrease of transition regions is proposed.
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Table-1 Annealing time and barrier height.

annealing | barrier height
time (min) (eV)
0 2.58
5 2.64
10 2.77
15 2.79
20 2.69
30 2.81
60 2.83
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Fig.1 I-E curves for samples annealed at 900°C for var-

ious periods.
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Fig.2 F-N plots for samples annealed at 900°C for var-
ious periods.
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Table-2 Annealing temperature and barrier height.

annealing barrier
temperature | height
°C) (eV)
1000 2.70
950 2.70
900 2.64
800 2.63
700 2.64
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Fig.3 I-FE curves for samples annealed at a temperature
between 700 and 1000 °C for 5 min.
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Fig.4 F-N plots for samples annealed at a temperature
between 700 and 1000 °C for 5 min.
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Fig.5 I-E curves for samples prepared by thinning.
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Table-3 Oxidation time, etching time, film thickness,
and barrier height.

sample | oxidation | etching film barrier

No. time time thickness | height
(min) (sec) (&) (eV)
A0 33 0 127.2 2.99
Al 60 50 119.4 3.09
BO 23 0 108.9 2.85
B1 60 75 106.9 2.98
Co 15 0 85.4 2.32
C1 60 105 82.1 2.73
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Fig.6  F-N plots for samples prepared by thinning.
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Fig.10 Model of decrease of transition regions.
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