phys. stat. sol. (c) 1, No. 12, 3550 – 3553 (2004) / DOI 10.1002/pssc.200405502

Ferromagnetic effects on transition metal doped Ga2O3 -based
semiconductor
Seung Wha Lee1, Yeon Guk Ryu1 , Geun Young Ahn2, Seung-Iel Park2, and
Chul Sung Kim2*
1

Department of Electronics Engineering (The Institute of ITEC), Chungju National University,
Chungju 380-702, Korea
2
Department of Physics, Kookmin University, Seoul 136-702, Korea
Received 27 June 2004, accepted 14 October 2004
Published online
PACS 61.66.Fn, 75.50.Pp, 76.80.+y
Single phases of polycrystalline Ga2–xTM2xO3 (x=0.00, 0.05, 0.10) powder samples were prepared by a
standard solid-state reaction method. The X-ray diffraction patterns of the Ga2–xTMxO3 (x=0.00, 0.05,
0.10) powders showed no detectable TM phase. All the peaks for the X-ray diffraction patterns of samples
belong to the monoclinic (C2/m) lattice of β-Ga2O3. The lattice parameters for the Ga1.8Fe0.2O3 and
Ga1.8Mn0.2O3 are found to be a0= 12.264 Å, b0 =3.047 Å, c0 = 5.820 Å, β=103.814° and a0 = 12.218 Å,
b0=3.044 Å, c0 = 5.810 Å, β=103.852° at room temperature. The hysteresis curve at the room temperature
for the Ga2–2xFe2xO3 (x=0.05, 0.10) powders was attributed to a paramagnetic and to a ferromagnetic phase.
As the TM doping increased, the magnetization and the ferromagnetic effect were both increased.
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1 Introduction Diluted magnetic semiconductors (DMS) have been extensively studied because
these materials are promising candidates for application in spin-dependent electronic devices. In spite of
numerous studies carried out in this type of DMS, no practical application of these materials has been
realized. The feature that has hampered application has been the low Curie transition temperature of
DMS materials. On the other hand, due to recent intensive studies, new DMSs were discovered such as
Ti1–xCoxO2 [1], Mn-doped CdGeP2 [2], Mn-doped CuO [3] and zinc blende CrAs [4] with room temperature ferromagnetism. Pure Monoclinic gallium oxide, β-Ga2O3, is a wide band gap semiconductor (Eg
≈4.9 eV) and its conductivity varies depending on the environment [5]. β-Ga2O3 is stable at high temperature and exhibits n-type semiconductor properties at temperatures above 600 ˚C or when synthesized
under reductive conditions [6, 7].
This work is an experimental investigation of the effects of transition metal (TM=Fe, Mn) doping on the
structural and magnetic properties of the Ga2O3. The structure and magnetic properties for Ga2–xTM2xO3
(x=0.00, 0.05, 0.10) powders have been studied with X-ray diffraction, vibrating sample magnetometer
and Mössbauer measurements.

2 Experimental The single phases of the polycrystalline Ga2–xTM2xO3 (x=0.00, 0.05, 0.10) powder
samples were prepared by a standard solid-state reaction method. Powders of high purity (99.99 % or
better) of Ga2O3, Fe2O3, MnO were mixed, ground, and annealed at 1200 °C for 12 h in air atmosphere.
The crystal structures of the samples were examined by θ-2θ X-ray diffraction with CuKα radiation.
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