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Zn1 x Fex O (x = 0 00 0 01 0 03 0 05 0 07, and 0 10) compounds were fabricated by the sol-gel method. The crystal structure
and magnetic properties were investigated as a function of doped Fe concentration. Specifically, we have used hydrogen treatment for the
control of phase separation. The X-ray diffraction patterns show that the wurzite structure of ZnO does not change for the doping range
below x = 0 07. Furthermore, we could not find any Fe cluster or phase separation in the X-ray diffraction patterns. The Fe-doped
ZnO indicate ferromagnetic behaviors with the Curie temperature higher than room temperature. Then, the magnetic moment per Fe
atom increased with increasing Fe concentration.
Index Terms—Diluted magnetic semiconductor (DMS), ferromagnetic, hydrogen treatment, spintronics.

I. INTRODUCTION

II. EXPERIMENT

HE transition-metal doped ZnO has drawn much attention for the suggested possibility of room-temperature ferromagnetism in ZnO-based diluted magnetic semiconductors
(DMSs) [1]. Doping of transition metal in ZnO leads to new
interesting properties [2]. Among them, II–VI semiconductors
have an advantage, where charge and spin can be controlled independently by changing the concentrations of dopant elements
injecting carriers and the transition metal element (Mn, Co, Fe,
etc.), respectively [3]. In spite of numerous studies carried out
on 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. DMS materials were prepared with various methods by
solid-state reaction [4], [5], sol-gel [6], pulse laser deposition
(PLD) [7], and molecular beam epitaxy (MBE) [8]. As there are
many processes for obtaining samples, the magnetic properties
were indicated with diverse results. In particular, the synthesis
of Fe-doped ZnO DMS materials was very embarrassing, with a
preference to occupy the ferric state of Fe ion and a segregation
the ZnFe O secondary phase from Zn(Fe)O.
In this paper, we present the ferromagnetism for Fe-doped
ZnO DMS at room temperature. Specifically, we have used hydrogen treatment for the control of phase separation. Hydrogen
treatment with sol-gel process has the advantage of easy control of phase separation, it is highly homogeneous, and has low
annealing temperature. This process has enhanced strong ferromagnetic behavior compared with transition metal doped ZnO
by a solid-state reaction [4], [5].

The Zn
Fe O (
, and
) compounds were fabricated by the sol-gel method.
Weighed amounts of zinc acetate (CH CO Zn and iron acetate (CH CO Fe were first dissolved in 2-methoxyethanol,
acetic acid, and water. All reactions were carried out under dry
nitrogen in a glove box. The solution was refluxed at 80 C for
12 h to allow the gel formation and then dried at 200 C for 24
h.
The dried powder was grounded and annealed at 650 C
for 6 h in H 5%/Ar bal. gas ambience. The crystal structures
of the samples were examined by X-ray diffraction (XRD)
with CuK radiation. Magnetic properties were measured by
using a vibrating sample magnetometer (VSM) and Mössbauer
spectroscopy.
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III. RESULTS AND DISCUSSION
Fig. 1 shows the XRD patterns with different annealing condition of the Zn Fe O. For the sample annealed in air,
its XRD pattern indicated coexistence of wurzite Zn(Fe)O and
spinel ZnFe O phase as shown in Fig. 1(a). This result shows
that the Fe-doped ZnO DMS materials prefer to occupy the
ferric state of Fe ion, namely, ZnFe O . In order to eliminate
ZnFe O phase and obtain a single phase of ZnO, the annealing
in Ar/H bal. gas ambience was necessary. Fig. 1(b) shows the
wurzite Zn(Fe)O single phase, annealed in Ar/H bal. gas ambience.
We have presented the observed and calculated peak profile,
Fe O
and Bragg position of typical XRD patterns for Zn
in Fig. 2. The XRD patterns show that
the doping of iron does not change the wurzite structure of ZnO
for doping concentrations below
.
Furthermore, we could not find any Fe cluster or phase separation in the X-ray diffraction patterns. The crystal structure of
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