[ 5] gharAlEs o]
Korean Joural of Materials Research
Vol 16, No. & (2008)

HoMnOj wete] 744 549 d54 24

%10__'_1“_

b O T et

AEE

ro-gha)

Dependence of Ferroelectric Properties

on the Crystalline Phases of HoMnOj3 Thin Film

Eung Soo Kim' and Dong Ho Kang

Department of Materials Engineering, Kyonggi University, Suwon 443-760, Korea

(200643 B3l 2990 9

1, 2006 691 209 4§

A1l o=
_O]_l‘._ g0

Abstract  Ferroelectric HoMnQ, thin filims were deposited on the Si(100) substrate at 700°C for 2 hrs by metal-
organic chemical vapor deposition (MOCVD) and post-annealed at 850°C by rapid thermal process (RTP).
Electrical properties and crystalline phases of HoMnO, thin filns were investigated as a function of post-
annealing time. Single phase of hexagonal symmetry with c-axis preferred orientation was obtained from
HoMnQ. thin films post-annealed at 850°C for 5 min, while the c-axis preferred orientation was decreased with
the increase of post-annealing time, and the thin films post-annealed at 850°C for 15 min showed the mixture
phases of hexagonal and orthorhombic symmetry. P-E (Polarization-Electric field) hysteresis loop of ferroelectric
HoMnO, thin films was observed only for the single phase of hexagonal symmetry, but that was not observed
for the mixture phases of the hexagonal and orthorhombic symmetry, which was discussed with the bond
valence of Mn jon of crystalline phase. Leakage current density was dependent on the microstructure of thin

films as well as the change of valence of Mn ion.
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Fig. 1. XRD pattern of HoMnO; thin films deposited on
Si(100) at 700°C for 2 hrs with various flow rates of Ho/Mn
and post-annealed at 800°C for 1h in air.
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Fig. 2. XRD pattern of HoMnO; thin films deposited on
Si(100) at 700°C for 2 hrs and post-annealed at 850°C for
various times by RTP.
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Fig. 3. XRD patterns and hysteresis loops of HoMnO; thin films deposited on Si(100) at 700°C for 2 hrs and post-annealed at

850°C for various times.
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Fig. 4. Structure of HoMnO; crystals.
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Table 1. Bond valence of B-sites in the HoMnO;.
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(b) Orthorhombic Symmetry
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HoMuO Hexagonal 6 6.1413 6.14131 1.4122 1.760 1.9858 2.822
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’ Orthorhombic 4 5.8354 5.2785 7.3606 1.760 2.023 3.144
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Fig. 5. XPS patterns of HoMnO; thin films with (a) hexagonal single phase and (b) mixture phase.
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Fig. 6. FE-SEM micrographs of HoMnO; thin films deposited on Si(100) at 700°C for 2 hrs and post-annealed at 850°C for various
times by RTP.

Table 2. Binding energy (eV) of Mn ion with valence state.

Valence state Hexa.-HoMnO; Mixture *Hexa.-YMnOs; *Ortho.-YMnOs;
Mn 2pss 641.8 641.925 641.18 641.48
*J. Phys. Soc. Jpn., 69(8), 2706-2707 (2000)
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Fig. 7. Leakage current density of HoMnOj; thin films
deposited on Si(100) at 700°C for 2 hrs and post-annealing at
850°C for various times by RTP.
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