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L.Introduction
O.8-nm-thick silicon oxide, which was used as gate

insulator inIMOSFEI operated at room temperature[1], consiss
mostly of structural transition layer[2], tlre quality of which must
be improved using atomic oxygen. 

- 
Our studies m tlre oxidation

nrechanism of 5(111) surface rsing atomic oxygen revealed that
the oxidation rate bmomes extemely small if fr; amount of Sr+
and Si$ localized at ttre interfaae tai<es ttreir mrudmum value[3].
Howeveq the mechanism forttris phenomena is not clarified yet. 

- -

The silioon oxynitides are also important as ulfiathin gate
dielectrics in future MOSFEIs due to ttreir impnoved reliability and
ability to suppress boron penetration. Our sfudies on the
chemical structures of oxynitrides/S(1m) interface formedby the
wet oxidation followed by ttre annealing in NO ambient revealed
that ttre most of nitogen atoms localize near tlre interface and
have bonding with two Si atoms at ilre interface and one Si atom,
which has bonding wittr three oxygen atoms in the overlayer.[4]
However, lhe effect of nitridation on the disnibution of
intermediate oxidation states of Si is not clarified yet.

It is ttre purpose of the present paper to demonshate the
atomic-scale depttr profiling of the chemicat structues of the

lior/Si(11 L) interface and oxynitridesA(l0O) interface strucrures
by applying ilre maximum entopy mettro{5,6] to ttre angle
resolved Si 2p photoelectron spectra under flre consideration of the
elastic scattering of Si 2p photoelectrons in silimn oxide fil^.[4

2. Experimental Details
The oxide films studied were prepared as follows. The

atomically fl* hydrogen terminated 5(111) surfaces were oxidi@
at 40O'Cusing atomib oxygen produced inmicrowave (5.0 Wcm2
at 245 GI{z) excited Kr/oz mixhrre(Ivo, = 97R,1 Torr) gas
plasma" Oxynitride filnu containing maximum nitogen
conoenfrations of t, ?- 3,5 and 6 at.Vo were grown on ptype
S(1m) by the wet oxidation followed by the annealing in NO
anrbient at 900'C.

Angle resolved Si 2p spectra excited by AlKcr radiation
*i.ing from these films were measured with photoelectron
acceptanoe angle of 3.3o at *re entance of elecnron energy
anily'zm.using high resolution and highly sensitive ESCA-3qgj.

3. Experinrental Resulb and Discussions

observation of extremely small oxrdation late at the interface
containing tlre maximurnamount of Si$ or Si2*.

Ftgure 3 shows ttre dependence of^Si 2p photoelectrron
spectral intensities NI arising ftom Sl', Si", Si" and those NO
uising from Sio2in silicon oxide films formed using molecular
oxygen normalized by Si 2p qpecfial intensities NS arising ftom
Si substnte on photoelecmon t4te-off +ngle for interfroe
containing maximum amount of Si" and $i'*. - Figure 4 shows
Gaussian-disfribution of *re amount of Sil*, Si2*, 5i* and SiOz
obtained by applying maximum enhory method to Fig. 3. The
soll{ dotted and dashed cuwss in Fig. 3 are calculated using tlrc
depth profile in Fig.4. It is found from the comparison between
Fip. 2 and 4 that ttre interfaces formed using atomic oxygen are
more abrupt than the interfaces formed rsing molecular oxygen.

Figure 5 shows the dependence of Si fu photoelectron
spectral intensities NO arising from SiOz, ttrose M arising from
intermediate oxidation states SiO. and those NN arising from
oxynirides SiO.\ normalized by Si 2p spectral intensities NS
arising ftom Si subsfiate on photoelecnon takeoff angle for
oxynitiride contairiing maximum nitrogen concenfrations of 3 and
6 at.%. Figure 6 shows Gaussian distribution of the amount of
SiOa SiO. and SiO.ry obtained by applyurg rnaximum entropy
mettrod to Fig. 5. The soli4 dotted and dashed curves in Fig. 5
are calculated using the depth profile in Fig. 6. According to Fig.
6, ttre amount of intermediate oxidation states of Si is weakly
affected by ttre incorporation of nitqgen atoms at SiOzAi
interface.

4. C-onclusion
kr conclmiorl the atomic-scale depth profiling of

SiO2/S(111) interfaoe and silicon oryninideVs(lm) interface
stuctures are demonsfiated for the fint time by applying
maximum entropy method to the angle-resolved Si 2p qpectral
intensities a.ising ftom intermediate oxidation states of Si and
ttrose *ising from silicon oxynitides normalized by Si 2p specfial
intensities arising fr,om Si substrate under the consideration of the
elastic scattering of Si fu photoelectrons in silicon oxide filns.
The present depth profiling analysis must be effective for tlre
study on tlrc ht$-k dielecfricq6i intedace stuctures.
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Fig. 1 Dependence of normalizrd Si 2p spectral intensities
arising from Si'*, Si'*, and Si'* and SiO2 in oxide formed
using atomic oxygen on photoelectron take-off angle. The
solid curves are calculated using the depth profile in
shown in Fig. 2.
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Fig. 3 Dependence of normalized Si 2p spectral intensities
arising from Si'*, Si'*, and Si'* and SiO2 in oxide formed
using molecular oxygen on photoelectron take-off angle.
The solid curves are calculated using the depth profile
shown in Fig.4.
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Fig. 5 Dependence of normalized Si 2p and N Ls spectral
intensities arising from SiO", SiO*Ny and SiO2 in
oxynitrides on photoelectron take-off angle. The solid
curves are calculated using depth profile shown in Fig. 6.
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Fig. 4 Compositional depth profile
analysis of Fig. 3 .
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Fig. 2 Compositional
analysis of Fig. 1.
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depth profile obtained from the
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Fig. 6 Compositional depth profile obtained
analysis of Fig. 5 .
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