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Abstract
The type and density of the point defects that arc generated in the Si surface layer during
thermal oxidation depend on the oxidation conditions: temperature, cooling rate,
oxidation lime, impurity content. The interaction between point defects with extended
defects and impurities atlect the SiO; structure and Si-SiOj interface properties, The
influence of point defects and impurities may be diminished and the interface properties
improved by an appropriate choice of oxidation conditions and postoxidation treatment
of the samples.
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Introduction

The decrease of the size of integrated circuit elements and increase of the
silicon wafer diameter result in an increasing influence of point defects on their
electrical parameters, reliability and yield. It has been suggested by Tan and
Gosele tbat vacancies and self-interstitials are in local dynamical equilibrium
and their densities follow the mass action law [1]. If it is reached in the Si
surface layer at sufficiently high oxidation temperature and long oxidation time,
this brings about a supersaturation of vacancies and undersaturation with seifinterstitials, while at lower oxidation temperature or shorter time a saturation of
interstitials and undersaturation with vacancies take place. It has been shown in
[2] that there exist an oxidation time (temperature) where vacancies and
interstitials coexist in a nearly equal density and interaction between them
during the cooling at the interface is possible. This may lead to the depletion of
both interstitials and vacancies.
The investigation of the point defects
interaction with impurities and its dependence on the oxidation condition offers
new possibilities for the improvement of the properties of the Si-SiO2 interface
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point defects generation kinetics on the oxidation condition, its interaction
h impurities (hydrogen) and influence on some structural and electrophysical
operties of the Si-SiO; interface by means of EPR, surface photovoltage
ectra (SPV), MOS capacitance technique and nuclear magnetic resonance
MR). An attempt to improve interface properties by laser irradiation was
o made.

perimental
Si (n and p-type) of 15 Qcm resistivity (111) orientation was used. The
ides were thermally grovm in dry oxygen at 1050- 1200 "C. The density of
int defects was varied by varying the cooling rate of the samples. The
ckness of the oxide layers varied from 0.2 to 0.6 ^m. EPR spectra were
en at 115 and 300 K. To evaluate the influence of grown-in defects densities
the interaction between point defects and impurities Si-SiO2 structure on nd p-type wafers CZ and FZ grown respectively was investigated. The content
impurity in the oxidation ambient was varied by an additional oxygen drying
ew point -90 and -65"C) and by SiH^ decomposition in NH3 ambient up to
3N4 formation of SiO:. Hydrogen does not penetrate through SijN^ and this
ovides its separation. To evaluate the interdependence between different
fects in Si surface region, surface photovoltage spectra and MOS capasitance
easurements were performed. To evaluate the content of impurities
ydrogen) in the Si-SiO2 system and its interaction with point defects the
emical shift of hydrogen by ' H NMR spectra was measured on n- and p-type
fers. The Si-SiO2 laser irradiatin (>.=520^m, lOMw/cm^) were performed
er oxidation before Al evaporation.

sults and discussion
In Fig. 1 the EPR signal intensity (a), SPV signal maximum at 0.49 eV (b)
d the charge value in SiO2 ( Q) (c) dependence on tbe oxides thickness for
mples oxidized in different oxidation ambient are shown. It follows from the
esented results that the EPR and SPV signals dependence on the oxides
ckness revealed a minimum or a maximum, depending on the oxidation
mbient. Surface states Ec - 0.49 eV are identified as interstitials Si atoms
.Tbis allows us to suggest that the simultaneous decrease of the EPR and
V signals is comiected with an interaction between the vacancies and
erstitials Si atoms at the interface, while the simultaneous increase of these
nals indicated that the interstitial atoms and vacancies are separated and
ere is no interaction between them.The generation of the point defects at the
erface has an effect on the effective charge value in SiOz. If an interaction
ween point defects at the interface occurs, the charge is independent of the
ide thickness, while if it is absent, the value of charge diminishes with the
ide thickness (Fig.l,c).
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Fig.l. EPR, SPV signal (0,49 eV) intensity and value of charge (Q) in SiO:
dependence on the oxide thickness (dew point -90" and -65" C, curves 1 and 2,
respectively)
To evaluate the point defect interaction with impurities on the interface
the EPR signal and the charge value in SiOj dependence on the oxide thickness
for n- and p-type CZ and FZ sampless were investigated. The maximum of the
I(d) dependence coincide with tbe minimum of the Q(d) dependence, showing
the influence of point defects generation at the interface on the charge value in
SiO2. The Q{d) dependence of the p-type samples is shifted relative to the ntype samples in correlation with the shift of the I(d) dependence in n-type
samples with different impurity content. This allows to suggest tbat impurity
adsorbtion on n- and p-type wafers is different.To check this assumption the ' H
hfMR spectra of the n- and p-type samples were measured (Fig.2). The ' H
NMR line width of the n-type samples is remarkably broader tban that of the ptype samples. The extent of this effect goes up with the extent to which the
movement of adsorbed molecules is hindered. One possible reason for that can
be the strength of tbe magnetic interaction with the paramagnetic impurities of
the adsorbent. These results confirmed that the content of adsorbed hydrogen on
n- and p-type samples is different After Si3N4 deposition the difference in
hydrogen content between n- and p-type wafers increases. To evaluate the
contribution of different hydrogen species, its distribution in SiO2 on n- and ptype samples and content of bonded and not bonded (weak bonded ) hydrogen,
the influence of tbe ion drift in SiOj in electrical field (+100 V) at elevated
temperature (130°C) on the charge value in SiO2 in samples with different
hydrogen content was investigated. It has been established tbat in MOS
structure on p-type Si the above mentioned treatment brings about increase of
the charge value, that is greater than in MOS structure on n-type samples and,
hence the content of weak bonded hydrogen in these samples is different.
After Si- SiO2 structure laser irradiation the influence of BT treatment on the Q
value decreases.
,
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Fig.2. ' H NMR spectra of the
sampies with SiO2 film prepared
on n- and p-type CZ and FZ
grown wafers.
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Fig. 3. C-V plots for MOS stnicture of ptype samples irradiated by laser,
1, 2 - initial plots; 3, 4 - after laser
irradiation; 2, 4 - after bias-temperature
treatments 130°C, +100V, 20 min.

Conclusions
The presented results confirm the model of point defect generation kinetics
in Si-SiO2 system proposed by Tan and Gttsele. The type and density of the
point defects that are generated in the Si surface layer during thermal oxidation
depend on the oxidation condition: temperature, cooling rate, oxidation time,
impurity content. The interaction between point defects with extended defects
and impurities affect tbe SiO2 structure and Si-SiO2 interface. The influence of
point defects may be diminished and the interface properties improved by an
appropriate choice of oxidation conditions.
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