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A giant dielectric tunability effect in LuFe2O4 was recently discovered by our group. Here we report
the influence of Mg doping on the dielectric tunability and dielectric loss in LuFe2−xMgxO4 �x
�0.1� samples. It was found that the temperature interval of the giant dielectric tunability is
broadened by a slight �5%� Mg doping, while the dielectric loss remains the same order. The
maximum value of tunability is reduced by Mg doping, which supports the viewpoint that the giant
dielectric tunability is crucially related to charge ordering of Fe2+ and Fe3+ ions. These results
suggest that the giant dielectric tunability in LuFe2O4 can be finely tuned by Mg doping. © 2008
American Institute of Physics. �DOI: 10.1063/1.3026715�

I. INTRODUCTION

Ferroelectric materials with a high dielectric tunability
have potential applications for tunable devices. A high tun-
ability is practically achievable in a number of conventional
and relaxor ferroelectric materials such as Sr1−xBaxTiO3,
Cd2Nd2O7, and K�Ta1−xNbx�O3.1–4 Recently, our group dis-
covered a giant dielectric tunability effect in bulk LuFe2O4 in
which the dielectric permittivity is extremely sensitive to ap-
plied dc bias electric field,5 in strong contrast to conventional
ferroelectric materials. This giant dielectric tunability effect
within a broad temperature interval around room temperature
is very promising for tunable device applications.

The crystal structure of LuFe2O4 consists of the alternate
stacking of triangular lattices of rare earth elements, iron,
and oxygen.6 An equal amount of Fe2+ and Fe3+ coexists at
the same site in the triangular lattice and manifests as a
three-dimensional charge ordered state below 330 K.7 The
magnetic interactions between localized moments develop as
a three-dimensional ferrimagnetic ordering below 240 K.8

Since Ikeda et al.9 first reported the ferroelectricity in
LuFe2O4, it has been well accepted that the ferroelectricity is
correlated with the charge ordering of iron ions.10 The spon-
taneous polarization arises from a polar arrangement of the
ordered Fe 3d charges because the centers of Fe2+ and Fe3+

ions do not coincide. Such ferroelectricity is termed as elec-
tronic ferroelectricity, in contrast to conventional ferroelec-
tricity arising from the displacement of cations and anions.
The substitution for ferrous ions in LuFe2O4 leads to another
series of layered oxides with a general formula of LuFeMO4,
where M is Mn, Co, Cu, Zn, or Mg in a divalent state.6 These
oxides have been reported to be the isostructural oxides with
LuFe2O4 and exhibit many other interesting properties.11 For
instance, LuFeMgO4 with randomly distributed nonmagnetic
Mg2+ ions instead of Fe2+ ions shows a characteristic behav-
ior of a diluted system of two-dimensional triangular antifer-

romagnet, which could be explained in terms of the change
of spin value as well as the dilution of magnetic
interactions.12,13

Previous studies have confirmed that the ferroelectricity
is almost entirely suppressed in LuFeMO4.11 However, the
dielectric permittivity remains a high value for samples with
partial or slight substitution for ferrous ions.14 In this work,
we have studied the dielectric tunability of a slightly doped
LuFe1.9Mg0.1O4 and compared it with the parent LuFe2O4.

II. EXPERIMENTS

The experiments were performed on ceramic samples
prepared by the traditional solid state reaction method. A
stoichiometric mixture of high-purity Lu2O3 �99.95%�,
Fe2O3 �99.99%�, MgO �99.99%�, and Fe �99.99%� metal
powders was grounded well. The pelletized samples were
sintered at 1100 °C in evacuated quartz tubes for 48 h. Pow-
der x-ray diffraction showed that the samples are single
phase. The samples for dielectric measurements were pre-
pared by applying silver paste to the polished surfaces of thin
pellets with a thickness about 1 mm and attaching Cu wires
to each face using silver paste. The dielectric response was
measured using an NF ZM2353 LCR meter at a frequency of
100 kHz with an excitation of 1 V from 150 to 350 K. dc bias
voltage was supplied by a Keithley 2400 source meter. The
temperature during the measurements was controlled by a
Quantum Design magnetic property measurement system.

III. RESULTS AND DISCUSSION

Figure 1�a� shows the temperature dependence of dielec-
tric permittivity of LuFe2O4 from 150 to 350 K under 0, 25,
and 50 V/cm dc bias electric fields. The permittivity shows a
small value close to zero at temperatures well below the
ferroelectric transition. With increasing temperature it shows
a sudden rise and reaches a high value around room tempera-
ture. Above 250 K, the permittivity is remarkably suppressed
by applied dc bias fields, leading to a giant dielectric tunabil-
ity effect. In comparison, Fig. 1�b� shows the temperature
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dependence of dielectric permittivity of LuFe1.9Mg0.1O4. The
substitution of magnesium ions for ferrous ions shifts the
sharp rise of dielectric permittivity to lower temperature but
the high permittivity remains. Moreover, the permittivity of
LuFe1.9Mg0.1O4 is also very sensitive to the applied bias
electric field. Just like in LuFe2O4, a small bias field of tens
of V/cm is able to greatly suppress the permittivity around
room temperature. This giant dielectric tunability in
LuFe2−xMgxO4 is in strong contrast to conventional ferro-
electric materials including relaxor ferroelectrics where the
noticeable tunability requires a bias field on the order of
kV/cm.

The giant dielectric tunability in LuFe2−xMgxO4 could
result from the breakdown of the charge ordered state trig-
gered by the applied bias voltage. This view can be sup-
ported by the highly nonlinear I-V curves observed in
LuFe2O4.15 The nonlinear I-V curves at high temperature in-
dicate that the conductivity is greatly enhanced by the ap-
plied dc voltage due to the melting of the charge ordered
state. Meanwhile, the electronic polarization is suppressed as
the charge ordering is destroyed. Therefore, both the en-
hancement of conductivity and suppression of polarization
associated with the melting of charge ordering by the applied
bias voltage result in a large change in dielectric constant.

Figure 2 compares the relative tunability nr as a function
of temperature between LuFe2O4 and LuFe1.9Mg0.1O4. The
tunability nr is defined as

nr =
��0� − ��E�

��0�
� 100% . �1�

Unlike conventional ferroelectric materials where the
tunability usually shows a sharp peak in a narrow tempera-
ture range, the tunability in LuFe2O4 exhibits a broad peak
where a high tunability remains. After Mg doping, the peak
of tunability is even broader. In a 50 V/cm bias field, a high
tunability ��30%� is retained from 220 up to 350 K in

LuFe1.9Mg0.1O4. Such a broad temperature interval across
room temperature is beneficial for practical applications.

Although the operating temperature interval is broad-
ened by Mg doping, the maximum of tunability is reduced.
This indicates that the giant dielectric tunability in
LuFe2−xMgxO4 is strongly correlated with charge ordering of
Fe2+ and Fe3+ ions. The electronic ferroelectricity in
LuFe2O4 arises from a polar arrangement of the ordered iron
ions, and the reduction of dielectric permittivity under a dc
bias field is mainly due to the suppression of polarization
fluctuation. The substitution of Mg ions for ferrous ions di-
rectly alters the ratio of Fe2+ and Fe3+ ions and, conse-
quently, results in the impairment of charge ordering and the
disturbance of polarization fluctuation. In fact, previous stud-
ies have confirmed that the ferroelectricity is almost entirely
suppressed when all the ferrous ions are substituted as in
LuFeMO4.11

In addition to a large tunability, a low dielectric loss is
also necessary for tunable device applications. Figure 3
shows the temperature dependence of the dielectric loss tan-
gent of LuFe2O4 and LuFe1.9Mg0.1O4 in various dc bias
fields. The peak of loss tangent shifts to lower temperature
with the substitution of Mg, while the value remains the
same order near room temperature. In a dc bias field, the loss
tangent increases remarkably. The high dielectric loss in bias
field is not good for application. However, there have been
some strategies to effectively reduce dielectric loss, for ex-
ample, by making composites or layered structures with low-
loss materials.1 Therefore, the high dielectric tunability in a
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FIG. 1. Temperature dependence of the dielectric permittivity of
LuFe2−xMgxO4 under various dc bias fields for �a� x=0.0 and �b� x=0.1.
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FIG. 2. �Color online� Temperature dependence of the dielectric tunability
of LuFe2−xMgxO4 �x=0.0 and 0.1�.
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FIG. 3. �Color online� Temperature dependence of the dielectric loss tangent
of LuFe2-xMgxO4 �x=0.0 and 0.1� under various dc bias fields.
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broad temperature interval around room temperature makes
LuFe2−xMgxO4 a very promising candidate for tunable de-
vice applications.

IV. SUMMARY

In summary, we have studied the influence of Mg doping
on the dielectric tunability in LuFe2−xMgxO4 �x�0.1�
samples. The peak of the giant dielectric tunability is broad-
ened by a slight �5%� Mg doping and the loss tangent re-
mains the same order. The maximum value of tunability is
reduced by Mg doping, which indicates that the giant dielec-
tric tunability is crucially related to charge ordering of Fe2+

and Fe3+ ions. These results suggest that the giant dielectric
tunability in LuFe2O4 can be finely tuned by Mg doping.
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