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Abstract

Curie temperature of ferroelectric orthorhombic phase
was investigated for epitaxial 0.07YO15-0.93HfO2 films
using high temperature X-ray diffraction. These epitaxial
0.07Y0O15-0.93HfO: films with 4.6 — 110 nm film thickness
were prepared on (111)YSZ and (100)YSZ substrates by
pulsed laser deposition at room temperature and subse-
guent 1000° C annealing to obtain ferroelectric ortho-
rhombic phase. This result revealed that Curie tempera-
ture was above 300 °C, which is significantly high for the
stable operation of memory application regardless of the
thickness and orientation.

1. Introduction

Recently, ferroelectricity in HfO, based films with non-cen-
trosymmetric orthorhombic phase was discovered [1]. This
material has a unique advantage; i.e. stable large remnant po-
larization in a thin film region below 20 nm. Therefore, fer-
roelectric HfO, based film is considered to be a candidate for
highly integrated nonvolatile memories such as FeRAM and
FeFET.

Curie temperature (Tc), at which the phase transitions ocurrs
from ferroelectric phase to paraelectric phase, is one of the
important properties in ferroelectric materials because the fer-
roelectricity diminishes at the temperature. This temperature
determines the upper limit of operation temperature for the
devices, since the stored information should volatilize above
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Tc. Tc had been investigated using high temperature X-Ray
diffraction (HT-XRD). Park et al. reported that the T¢ of pol-
ycrystalline Si-doped HfOis 600 °C [2], which is compatible
with conventional ferroelectric materials. However, several
studies on ferroelectric films such as PbTiOs; [3] and (Bi,
Na)TiOs-(Bi, K)TiOs [4] have reported that Tc changes by
film thickness and orientation. Therefore, it is necessary to
investigate such dependence of T¢ for ferroelectric HfO;
based films. Such investigation requires HfO; films having
the ferroelectric orthorhombic phase with various thicknesses
and orientations. We have already fabricated (100) and (111)
oriented epitaxial HfO based films by using (100) and (111)
yttria stabilized zirconia (YSZ) substrates, respectively [3,5].
Moreover, stable ferroelectric orthorhombic phase was ob-
tained over the wide film thickness range by choosing
0.07Y015-0.93HfO, (YHO7) composition [5]. In this study,
we reported on T¢ for the YHO7 films with various the thick-
nesses and orientations.

2. Experimental procedure

(111) and (100) oriented YHO?7 films were deposited on
(111)YSZ and (100)YSZ, respectively by pulsed laser depo-
sition using a KrF excimer laser (A = 248 nm) at room tem-
perature under 10 mTorr O, atmosphere. YHO7 films with
various film thickness were obtained by changing deposition
time. To obtain ferroelectric orthorhombic phase, heat treat-
ment was performed for the as-deposited films at 1000 °C for
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Figure 1 In situ high temperature XRD result for (a) 4.6 nm, (b) 14 nm and (c) 84 nm thick (111) oriented YHO7 films on (111)
YSZ measured at various temperatures in the range from 25°C to 800°C by ¥ scanning at 20 = 13.1°(A = 0.1 nm).
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Figure 2 In situ high temperature XRD result for (a) 15 nm and
(b) 86 nm thick {100} oriented YHO?7 films on (100) YSZ meas-
ured at various temperatures in the range from 25°C to 800°C by
¥ scanning at 260 = 13.1°(A = 0.1 nm).

10s under N, flow. The heating and cooling rate were 25 °C
/s and about 8 °C /s, respectively.

HT-XRD measurement was employed to investigate Curie
temperature using laboratory instrument (D8 discover, Bruker,
A= 0.154) synchrotron facilities (SPring8, BL 15, A =0.1 nm)
with domed hot stage (Anton paar, DHS 1100) in air.

3. Results and discussion

To observe phase transition from ferroelectric orthorhombic
phase to paraelectric tetragonal phase on heating, we use ¥
scan near 110 super lattice reflections at each temperature.
The ¥ scan allows us to distinguish crystal phases including
orthorhombic, tetragonal phases as described in the previous
reports. Note that the super-lattice reflection should appear
for the orthorhombic phase, while disappear for the tetragonal
phase due to the extinction rule. Figs. 1(a)-(c) shows the tem-
perature dependence of HT-XRD (¥ scanning at 20 = 13.1)
results for (111) oriented YHO7 films from 25°C to 800°C
upon heating. The 110, peaks coming from orthorhombic
phase were observed in XRD results for the 4.6, 14, and 84
nm-thick films, which is shown in Figs. 1(a), (b), and (c) re-
spectively. In addition, the broad 110,,/011,, peaks in Fig. 1(c)
reveals that the 84 nm-thick film included monoclinic phase.
In each film, the 110, peak intensity decreases as the temper-
ature increases and finally disappears at certain temperature,
phase to paraelectric tetragonal phase. The transition temper-
ature (7T¢) is 350°C, 450°C and 550°C for 4.6 nm, 14 nm and
84 nm thick YHO7 films, respectively. For (111)-oriented
films, 7¢ decreases with the decrease in thickness. Neverthe-
less, even 4.6 nm-thick film has significantly high 7¢ above
300 °C.

Figures 2(a) and (b) show the HT-XRD (¥ scanning at 260 =
13.1) result for {100} oriented YHO?7 films. Both 110, peaks
were observed forl5 nm and 84 nm thick YHO?7 films at room
temperature after 1000°C heat treatment, indicating that these
films include orthorhombic phase. Similar to the (111)-ori-
ented film, 110,,/011,, peaks were observed for 84 nm thick
YHO?7 film. The 110, peak disappears above 550°C for both
films. Thus the Tc unchanged by change in thickness from
15 nm to 86 nm for the {100} -oriented film, in contrast to the
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Figure 3 Phase transition temperature, 7c, as a function film
thickness for oriented and non-oriented YHO7 films.

results for (111)-oriented films.

Figure 3 shows the thickness dependence of 7¢ from the pre-
sent results including {100} and (111) oriented YHO7 films,
together with previous data for (110) oriented film [6] and
polycrystalline YHO7 films with random orientation (not
shown here). Figure 3 reveals T¢ of the all films is larger than
350°C, which is significantly high for the memory applica-
tions. In addition, (111)-oriented films have thickness de-
pendence of T¢, as is observed for the conventional ferroelec-
tric films. These thickness dependences are possibly due to
the different surface energy or/and strain in the films. Further
study will elucidate these effects on Tc.

4. Conclusions

Tc of ferroelectric YHO7 films with various thicknesses and
orientations was investigated by using in-situ HT-XRD. Our
results revealed that the T¢ was larger 350°C in the all films.
Thus, the ferroelectric HfO, based films have significantly
high T¢ for using memory applications.
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