A-1-05

Extended Abstracts of the 2020 International Conference on Solid State Devices and Materials, VIRTUAL conference, 2020, pp17-18

Thickness Scaling on Ferroelectric Alo.sSco2N Films

Sunglin Tsai, Takuya Hoshii, Hitoshi Wakabayashi, Kazuo Tsutsui, Kuniyuki Kakushima

Tokyo Institute of Technology
4259 Nagatsuta-cho, Midori-ku, Yokohama, Kanagawa 226-8502, Japan
Phone : +81-45-924-5847 E-mail : tsai.s.ab@m.titech.ac.jp

Abstract

Thickness scaling on ferroelectric properties of
sputter-deposited AlpsSco2N film less than 50 nm has
been examined. A highly c-axis oriented wurtzite
structure has been confirmed with a 50-nm-thick
AlgsSco2N film. A breakdown field of about 4.5 MV/cm
has been measured with the AlgsSco2N thickness from
20 to 47 nm. Ferroelectric behaviors in both CV and
PV curves show gradual degradation when the
thickness is less than 30 nm. In contrast, the coercive
field kept a constant value of 4 MV/cm.

1. Introduction

AliScN films (0.2<x<0.46) with wurtzite crystal
have shown the ferroelectricity with box-like characteris-
tics [1]. A high remnant polarization (P;) of over 100
uC/em? is attractive for future non-volatile memory appli-
cations. One of the common issues of oxide-based and or-
ganic material based ferroelectric films is that the ferroe-
lectricity degrades when the thickness of the films de-
creases [2-4]. As the reported ferroelectric Ali«Sc,N films
were still thick (~400 nm), we investigated the thickness
scaling of sputter-deposited Al SciN films.

2. Device fabrication

First, an n*Si substrate was chemically cleaned with
H2SO4+H20; for 10 min and 1% HF for 1 min. Then, a
TiN bottom electrode was deposited by sputtering. An
AlosSco 2N film was sputter-deposited from an Alg57S¢o.43
target with Ar and N2 mixture in the same chamber with
different thickness ranging from 20 to 50 nm. Another TiN
layer was deposited onto the AlpgSco.N film. All the dep-
osition process temperature was set to 400°C. The top TiN
layer was patterned by wet etching to form electrodes. The
fabrication process flow of fabricated ferroelectric capaci-
tor is shown in fig. 1.

3. Results and Discussion
Fig. 2 shows the out-of-plane and in-plane XRD of a
50-nm-thick Alo.gScooN film with a TiN bottom electrode.

The presence of the (002) peak shown in the out-of-plane
spectra suggests the formation of a c-axis-aligned
AlpsScooN film. Fig. 3 shows the leakage current and
breakdown field of the AlogSco2N ferroelectric capacitors
with various thicknesses. Relatively high leakage current
is due to a small Schottky barrier height at TiN/ Alg.sSco2N
interface [5]. The breakdown field shows little effect on
the AlosScooN thicknesses. Fig. 4 shows the capacitance-
voltage (CV) curves measured at 10 kHz of the Alp.gSco2N
ferroelectric capacitors with various thicknesses. Ferroe-
lectric-type hysteresis is observed from all the CV curves
with various thicknesses. This suggests that AlpsSco 2N
films do not lose the ferroelectricity with scaling down to
20 nm. However, from polarization-voltage (PV) measure-
ment, as shown in Fig. 5, the hysteresis loops start to di-
minish with thickness scaling, especially when the film
thickness is less than 30 nm. At a thickness of 20 nm, P:
was hard to be measured due to the presence of large leak-
age current. On the other hand, almost constant coercive
field of 4 MV/cm was obtained for all the samples. Fig. 7
shows the switching cycle endurance test of the Alg.sScooN
ferroelectric capacitors. A switching cycle of fewer than
100 times did not show any improvement nor degradation
with thickness scaling.

4. Conclusion

The effect of thickness on the ferroelectric properties
of a highly c-axis oriented AlpsSco>N layer has been ex-
amined. The breakdown field of about 4.5 MV/cm hardly
changed with thickness scaling. Hysteresis-like CV curves
were obtained with all the film thickness, whereas the hys-
teresis loops obtained by PV curves show degradation
when the thickness is less than 30 nm.
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Fig. 1 Fabrication process flow of Al,¢Sc,,N
ferroelectric capacitors.
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Fig. 2 a) Out-of-plane and b) in-plane XRD for
50-nm-thick Al, ¢Sc,,N ferroelectric capacitors.
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Fig. 3 a) Leakage current and b) breakdown field
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Fig. 4 Capacitance voltage curves of Al,Sc,,N
ferroelectric capacitors with different thicknesses.
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Fig. 5 a) Polarization-voltage curves of Al Sc,,N
ferroelectric capacitors with different thicknesses. b)
Remnant polarization and c) coercive field of the
capacitors.
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Fig. 6 Switching cycle test of Al,Sc,,N ferroelectric

capacitors with different thicknesses.



