Extended Abstracts of the 2005 International Conference on Solid State Devices and Materials, Kobe, 2005, pp.256-257

A-6-3

Film structures and electrical properties of Pr silicate
formed by pulsed laser deposition

Keiko Ariyoshil, Mitsuo Sakashital, Akira Sakai' . Masaki Ogawaz, and Shigeaki Zaima'
'Graduate School of Engineering, Nagoya University, Furo-cho, Chikusa-ku, Nagoya 464-8603, Japan
Phone: +81-52-789-2760 "E-mail: sakai@alice.xtal.nagoya-u.ac.jp

“Center for Cooperative Research in Advanced Science & Technology, Nagoya University,
Furo-cho, Chikusa-ku, Nagoya 464-8603, Japan

1. Introduction

Further scaling of metal-oxide-semiconductor field effect
transistors (MOSFETs) requires introduction of high-k gate
dielectrics. Rare earth metal oxides are now intensively
studied to be applied to future semiconductor devices and
Pr,O; is one of the potential candidates [1]. Some of the
serious problems to be overcome to exploit the attractive
properties from this material are formation of an interfacial
layer with a low dielectric constant [2] and crystallization at
relatively low temperatures [1]. Pr silicate can be a possible
solution to these difficulties. We have reported that Pr sili-
cate layers formed by post deposition annealing (PDA) at
high temperatures have a single layer structure without an
interfacial layer, a greater thermal stability and a larger
bandgap than those of as-grown films [3]. However, the
dependence of the film structures and electrical properties
on film growth and annealing conditions has not been fully
understood. In this study, the effects exerted by controlling
ambient gases during deposition and by PDA are investi-
gated in terms of structures and electrical properties of the
Pr silicate films to examine the interaction occurring during
the fabrication processes.

2. Experiments

Samples were prepared by pulsed laser deposition (PLD).

The substrates used were n-type Si(100), which were
treated with dilute HF to remove the native oxide. Pr oxide
films were deposited by ablating a sintered Pr¢O;; target in
ambient O, or Ar at 20 Pa, where the substrate temperature
was 300°C. PDA was carried out in N, atmosphere at
1000°C for 15 s. Cross-sectional film structures were ob-
served by transmission electron microscopy (TEM). Angle
resolved X-ray photoelectron spectroscopy (ARXPS) was
used to analyze the chemical bonding and composition.
Spectra were acquired at take-off angles (0) of 90°, 60°, 45°
and 35°. MOS capacitors with Pt top electrodes were fabri-
cated to measure capacitance-voltage (C-V) and leakage
current-voltage (J-V) characteristics.

3. Results and Discussion

Figure 1(a) shows the cross-sectional TEM image of an
as-grown Pr oxide film deposited in O,. An interlayer of
1.3 nm in thickness was observed between the Si substrate
and the upper amorphous layer, and the total film thickness
was 4.0 nm. Figure 1(b) shows the TEM image of this film
after PDA at 1000°C, where the interlayer disappeared and
the film thickness was reduced to 2.7 nm. This result dem-
onstrates that PDA induces intermixing of the interlayer
and the upper layer, and densification of the film.
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Figures 2(a) and 2(b) show O 1s spectra by ARXPS of
the as-grown and PDA-treated films, respectively. Consid-
ering that O 1s peaks of SiO, and Pr,O; appear approxi-
mately at 533 eV and 530 eV [4], the peaks centered around
532.5 eV and 531 eV can be assigned to Si-O bonding and
Pr silicate, respectively. In Fig. 2(a), larger shoulders indi-
cating Si-O bonding are found in the spectra taken at larger
take-off angles, revealing that the interlayer in the as-grown
film observed by TEM consisted mainly of SiO4. On the
other hand, Fig. 2(b) exhibits a smaller contribution of Si-O
bonding to the spectra of 8 = 90°, 60° and 45°, which as-
sures that PDA caused intermixing of the film to form Pr
silicate. In addition, it can be found that the Si-O shoulder
is larger in the spectra of the smaller take-off angles, repre-
senting a larger amount of SiO, in regions closer to the film
surface.

Figures 3(a) and 3(b) show the cross-sectional TEM im-
ages of as-grown and PDA-treated films deposited in Ar,
respectively. As shown in Fig. 3(a), a 1.3-nm-thick inter-
layer was observed and the total film thickness was 4.5 nm.
Figure 3(b) indicates that PDA resulted in disappearance of
the interlayer, similarly to the case of the film deposited in
O,. It should be noted that PDA caused the film to shrink
from 4.5 to 4.3 nm in thickness. This behavior implies that
the density of the as-grown film deposited in Ar was higher
than that in O,, and as a result, PDA brought a minor effect
of densification. It is also important to mention that the
PDA-treated film was partially crystallized (see the arrow),
which is possibly related to the density of the as-grown film.
ARXPS spectra derived from these films had similar fea-
tures to those from the films deposited in O,: the interlayer
in the as-grown film consisted primarily of SiOy and a lar-
ger amount of SiO, appeared closer to the surface of the
PDA-treated film. However, in the O 1s spectrum of this
film shown in Fig. 2(c), the Pr silicate components were
located at lower binding energies than those of the film
deposited in O,, suggesting that the PDA-treated film de-
posited in Ar was richer in Pr-O bonding.

Electrical properties of these films are plotted in Fig. 4.
The inset of Fig. 4 indicates the C-V characteristics of the
as-grown and PDA-treated films deposited in O,. The ca-
pacitance equivalent oxide thickness (CET) calculated from
these C-V curves decreased from 1.9 to 1.1 nm through
PDA, and their effective dielectric constants (g;) increased
from 8.0 to 9.6. At the same time, the leakage current den-
sity (J) at the flat-band voltage (Vgg) +1V increased drasti-
cally from 5x10° to 2x10 A/em®. It can be deduced that
the changes of the CET and the leakage current density of
this film were mainly attributed to thinning of the film. In



the film deposited in Ar, by contrast, PDA led to a decrease
in the CET from 2.2 to 1.4 nm, where ¢, increased from 8.0
to 12. The larger & may have arisen from the richness of
Pr-O bonding in the PDA-treated film. In this case, J at Vg

Fig. 1. Cross-sectional TEM imaes of the (a) as-grown
and (b) PDA-treated films deposited in O,.
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Fig. 2. O 1s ARXPS spectra of (a) as-grown, (b)
PDA-treated films deposited in O, acquired at take-off
angles (0) of 90°, 60°, 45° and 35° and (c) PDA-treated
film deposited in Ar taken at 6 = 90°.
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+1V increased only by one order from 4x107 to 5x10°
A/em?®. Therefore, it can be concluded that deposition in
ambient Ar is useful in suppressing the increase in the
leakage current caused by PDA with the CET being de-
creased.

4. Conclusions

The Pr silicate layers were fabricated by performing
PDA on the PLD-grown films. Different ambient gases
during deposition made substantial differences of the ef-
fects of PDA on film structures and electrical properties.
On the films deposited both in O, and Ar, PDA functioned
to resolve the interlayer between the Si substrate and Pr
oxide and to reduce the CET effectively. The considerable
difference resulting from the ambient gases during deposi-
tion was the greater densification of the film deposited in
0,. Consequently, in the film deposited in Ar, the effective
dielectric constant increased more significantly, and the
increase of the leakage current density by PDA was less
severe.
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Fig. 3. Cross-sectional TEM images of th (a) as-grown
and (b) PDA-treated films deposited in Ar.
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Fig. 4. Electrical properties of the films deposited in O,

and Ar. The inset shows C-V characteristics of the

as-grown and PDA-treated films deposited in O,.



	typ_page1: -257-


