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1. Introduction
In scaling of the DRAM devices, to keep the electric
capacitance, it is very principal issues to reduce the
thickness of dielectrics and replace the high dielectric
materials. ALCVD-Al�O� is a strong candidate to replace
the conventional Ta�O� system from a viewpoint of thermal
stability and electronic barrier height [1–3]. In addition,
as for Al�O�, it has high crystallization temperature of
900ÆC or more and can make high barrier height against hall
and electron, so Al�O� is advantageous. In the following
high temperature annealing of ALCVD, we need to control
the interfacial layers formed at the poly-Si electrode
[4]. In this work, we studied chemical bonding features
and electric defect states of Al�O�/Si�N�/Si(100) stack
structures before and after rapid thermal annealing (RTA)
in N� or O� ambience using photoelectron spectroscopy.
2. Experimental
After standard chemical cleaning steps, a �1.7nm-thick
Si�N� layer was grown in NH� ambience at the temperature
of 1100ÆC on pre-cleaned HF-last p-Si(100) (8�12��
cm). After that, �5.0nm-thick Al�O� layers were
deposited by using atomic layer chemical vapor deposition
(ALCVD) at the substrate temperature of 450ÆC. At
the ALCVD, trimethylaluminum and O3 were used as
precursors. Prepared Al�O�/Si�N�/Si(100) stack structures
were annealed at the temperature range of 850�1000 ÆC in
N� or O� ambient. For the removal of the top Al�O� and the
thinning of the Si�N� layer, a dilute HF etching was carried
out repeatedly and taken core-lines spectra by using X-ray
photoelectron spectroscopy (XPS). Defect density in the
stack structure was measured by total photoelectron yield
spectroscopy (PYS) with ultraviolet light in the range of
4.0�6.0eV from a Xe arc lamp.
3. Results and Discussion
Typical Si2p spectra for as-prepared Al�O�/Si�N�/Si(100)
are compared with after 1000ÆC RTA in N� or O� ambience
in Fig. 1. For signal that originates in Si-N bonding, the
intensity is increased aggressively in the higher binding
energy side of Si�� after 1000ÆC RTA. It is suggested that
the oxidation reaction progress at the Si�N�/Si interface. In
the case of N�-RTA, chemically shifted peak has moved
0.2eV to the higher energy region compared to O �-RTA.
It indicates that positive charge occurred by N�-RTA in the
stack structure, because of the similar energy shift observed
in the Al2p, O1s and N1s signals.

Figure 2 shows the changes in Al2p, Si2p and N1s
spectra for the sample annealed at 1000ÆC in N� ambience
with etching in diluted HF solutions. Intensity of Si2p and
N1s spectra are significantly with thinning of the Al�O�

layer. It suggests Si and N atoms diffuses into Al�O� layer.
In the depth analysis with the oxide thinning, integrated

intensities of chemically shifted Si2p and N1s signals as a
function of integrated Al2p signal intensity for as deposited
Al�O�/Si�N�/Si and annealed in N� and O� at different
temperatures (Fig. 3). In the both case of 1000ÆC and
950ÆC, since Si2p and N1s signal decreases significantly,
it turns out the Al�O� film surface or that Si and N atoms
are diffused very much in near. From the Si2p signal
intensity when Al2p signal is not observed, about 10% Si
atoms diffused into Al�O� layer. For N atom, we can
confirm the trend that N1s integration intensity increases
slightly as Al�O� thinner. But comparing with intensity
of the simulation in the case of ideal stack structures kept,
N1s signal intensity decreases greatly at the interfacial

side, so N atom diffuses, too. In the simulation of N1s
intensity, increasing N1s photoelectron intensity at the
Al�O�/Si�N� interface reflects the fact that escape depth
of the N1s photoelectron in the Al�O� film is about 0.83
times compare with the that of the Si2p photoelectron. This
suggests that about 10% N atoms in the Si�N� film and
the diffused N atom is almost equal to the Si atom. And
this diffusion phenomena was observed at the case of O�-
RTA(Fig. 1(b)).

Figure 4 shows that the result of measured photoelectric
yield spectrum (PYS) results to examine the influence that
the composition inter mixing gives to the defect density
in the stack structures. In the Fig. 4, in the photon
energy region over 5.15eV, gray colored parts indicate the
photoelectron observed from the Si valence band. At the
PYS spectra H-terminated p�Si(100) substrate in the HF
solutions shown as a dotted line, observed photoelectron
under the region 5.15eV are from ionized accepters.
Photoelectron yield on the energy efficient side increases
remarkably as a defect density of the Al�O� film. In N�-
RTA of 850ÆC compared with as-prepared stack structures,
considering the increase of an interfacial layer substantial
decrease in a decrease in photoelectric yield is a little. And
one order decrease of photoelectron yield was observed at
the 950ÆC N�-RTA. It is considered that a defect density
decreases as the RTA temperature increases.

When photoelectric yield in each gas atmosphere is
compared for the sample 950ÆC -RTA, photoelectric yield
increases by about 2�3 times higher in the O� ambience
compared with the N� (Fig. 4). A similar result has
confirmed at the 850, 900ÆC. From the XPS measurements,
some ratios of the N1s signal included in the stack structures
decreased in O�-RTA compared with N�-RTA. This result
suggests that N atom that diffuses into the Al�O� film
reacting with the O� gas. And it is thought that a defect
density in the stack structure increased in the O�-RTA
compared with N�-RTA.

4. Conclusions
We have studied chemical bonding features and defect
density of Al�O�/Si�N�/Si(100) stack structures before
and after high temperature annealing at the range of
850�1000ÆC in N� and O� ambience using photoelectron
spectroscopy. In the RTA process higher than at
the temperature of 900ÆC, Si and N atoms in Si�N�

films formed in NH� gas ambience at 1100ÆC diffused
significantly into Al�O� layer. The RTA processing of
900ÆC or more is very effective to the decrease of the
defect density in the stack structures. RTA process in the
O� ambience, it has been understood that defect density
doubles compared in the case of N� atmosphere. The result
implies the reaction of diffused N atoms with oxygen and
resultant N desorption from the dielectric layer.
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Figure 1: Si2p spectra for as-prepared Al�O�(5.0nm)
/Si�N�(1.7nm)/Si(100) (solid line) and after annealed in N �

ambience (open dots) and in O� ambience (closed dots) at
1000ÆC. The photoelectron take-off angle was set at 90Æ.
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Figure 2: Al2p (a), Si2p (b) and N1s (c) spectra taken at
each step of oxide thinning in a diluted HF solution for the
sample annealed in N2 ambience at 1000ÆC. The binding
energy was calibrated by the Si2p��� peak at 99.3eV for
the Si(100) substrate and the photoelectron intensity was
normalized by the peak intensity of Si2p signals from the
Si(100) substrate.
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Figure 3: Integrated intensities of chemically shifted Si2p
and N1s signals as a function of integrated Al2p signal
intensity for as deposited Al�O�/Si�N�/Si and annealed in
N� and O� at different temperatures.
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Figure 4: Al�O�(5.0nm)/Si�N�(1.7nm) /p-Si(100) and after
annealed in N� ambience and comparison with the yield
spectra for the annealed in O� ambience. The yield
spectrum of H-terminated n�Si(100) with a corresponding
energy distributions of occupied state density. A donor
concentration of 3��������� was also as a reference. EV
denotes the Si valence band top measured from the vacuum
level. A hatched region in denotes the contribution of Si
valence electrons to the photoelectron yield.
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