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Ferroelectricity in Nd Doped HfO; Films Grown by Molecular Beam Epitaxy

LIU Yuwei', JIAO Peijie', MAO Wei', YANG Jiangfeng', ZHENG Ningchong', WANG Peng?, WU Di', NIE Yuefeng'
(1. Jiangsu Key Laboratory of Artificial Functional Materials, National Laboratory of Solid State Microstructures, College of
Engineering and Applied Sciences, Nanjing University, Nanjing 210093, China; 2. Department of Physics, Univesity of Warwick,
Coventry CV4 7AL, UK)

Abstract: The application of doped HfO, ferroelectric thin films in nonvolatile memory devices becomes popular in condensed
matter physics and materials science. Recent studies indicate that La doped HfO, has excellent ferroelectric properties, and the
ferroelectric remanent polarization is 45 pC/cm’ as the maximum value reported. Nd doping is expected to enhance the
ferroelectric properties of HfO, due to its similar chemical properties of Nd and La, but little research has been reported. In this
paper, high quality Nd-doped HfO, (i.e., Nd:HfO,) thin films were grown on Lag4;Srq33:MnQO3 (bottom electrode)/SrTiOz (001)
substrates by using oxide molecular beam epitaxy. According to the results by X-ray diffraction and high-resolution electron
microscopy, Nd doping can induce the transition of HfO, from a monoclinic phase to an orthorhombic phase. In addition, the
results by high resolution electron microscopy also show that Nd:HfO, has a tetragonal phase structure near the interface,
connecting (111) crystalline Nd:HfO, and (001) crystalline perovskite oxide substrates. The systematic studies on epitaxial growth
and ferroelectric properties of Nd:HfO, films can expand the research of doped HfO,.
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(b) 626 scan of Nd-doped HfO, films with a series of doping level

(d) Thickness fringe fitting of 10 nm Nd: HfO, (111) peak

(g) duy and film thickness dependence curve

1 HfO, HHE AR B 5 XRD %
Fig. 1 Schematic of phase transition and XRD character
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Fig. 2 Characterization of epitaxial relationship between HfO,
and LSMO/STO substrate
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(a) Cross-sectional HAADF-STEM image of 10 nm
Nd:HfO,/LSMO/STO(001) and the corresponding EDS

mapping of each element

(c) HAADF image of region B and corresponding FFT

(b) HAADF image of region A, corresponding FFT and

interface matching rule as parallel lines shown

(d) Schematic of orthorhombic phase and tetragonal phase in-plane rotation

B3 S A AR E ST i T B R
Fig. 3 Scanning TEM results of film and interface
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(a) Schematic of film structure (b) Surface topography

(e) Phase-voltage curves and butterfly loop

(c) PFM amplitude (d) PFM phase

(f) P—E hysteresis loop

K4 Nd:HfO, #1454 58k LI RER AL S5 R

Fig. 4 Structure and characterization of ferroelectricity of Nd:HfO, films
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