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Table 1 Thickness of HfO, films after different microwave

annealing time
MWA time/min 0 5 10 15 20

Film thickness/nm 81.8 77.6 76 739 723
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Fig.4 SEM images of HfO, thin films after different microwave annealing time: (a) sedimentary state, (b) 5 min, (c) 10 min, (d) 15 min,

and (e) 20 min
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Fig.5 AFM images of HfO, thin films after different microwave annealing time: (a) sedimentary state, (b) 5 min, (c) 10 min, (d) 15 min, and (€) 20 min
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Table 2 Roughness parameters of HfO, thin films after different microwave annealing time

Sample MWA time/min RMS roughness/nm Skewness, S Kurtosis, K Average roughness/nm
1 0 1.455 -2.236 5.249 1.186
2 5 1.629 -2.302 5.327 1.361
3 10 1.582 -1.885 5.050 1.115
4 15 1.447 -1.631 4.996 1.025
5 20 1.368 -1.314 4.322 0.807
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Effects of Microwave Annealing Time on the Structure, Optical and Electrical
Properties of HfO, Thin Films

Zhao Hengli*?, Yang Peizhi*, Li Sai*, Zhou Qihang®
(1. Key Laboratory of Advanced Technique & Preparation for Renewable Energy Materials, Ministry of Education,
Yunnan Normal University, Kunming 650500, China)
(2. School of Physics and Electronic Science, Chuxiong Normal University, Chuxiong 675000, China)

Abstract: Hafnium oxide (HfO_) thin films were deposited on a silicon substrate using atomic layer deposition (ALD), and microwave annealing
(MWA) was performed for different time. X-ray diffraction (XRD), Raman spectroscopy (Raman), atomic force microscopy (AFM),
ultraviolet-visible spectroscopy (UV-Vis), ellipsometer (SE) and impedance analyzer were used to characterize the phase structure, morphology,
optical and electrical properties of the films. The effects of different microwave annealing time on the structure, optical and electrical properties of
the films were studied in detail. The results show that the as-deposited HfO, film is amorphous. When the microwave annealing time extends from
5 min to 20 min, the crystallinity of the HfO, film increases, the surface roughness decreases, and the dielectric constant decreases. In addition, the
refractive index of the HfO, film hardly changes with the prolongation of microwave annealing time.

Key words: HfO, thin films; atomic layer deposition; microwave annealing time; refractive index; dielectric constant
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