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Structural properties of lithium ferrite �LiFe5O8, �LFO�� thin films are investigated as a function
of substrate-induced strain and growth temperature. Through x-ray diffraction and Raman
spectroscopy analysis we find LFO films grown on isostructural MgAl2O4 �MAO� are closer to bulk
single crystal behavior, whereas the films remain coherently strained on lattice matched MgO
substrate. Film texture and surface morphology are enhanced with better lattice match, indicating
different growth modes on different substrates. Raman spectra reveal enhanced disorder of Li and
Fe ions at the octahedral sites on MgO substrate contrasting with the relatively high degree of
octahedral site ordering on MAO. © 2011 American Institute of Physics. �doi:10.1063/1.3533908�

Lithium and related substituted ferrites �LiFe5O8, �LFO��
have attracted continual interest because of their technologi-
cal applications as potential cathode materials in lithium-ion
batteries and as components of microwave devices such as
gyrators, phase shifters, circulars, and isolators.1–3 With a
high Curie temperature of 950 K and high saturation magne-
tization �2.5 �B/formula unit�, ultrathin films of LFO could
have potential use in the emerging area of spintronics where
the demand for magnetic insulators has enjoyed renewed in-
terest for applications related to the spin-filtering effect.4–6 In
the bulk form, LFO structure conforms to the inverse spinel
structure, where the tetrahedral sites are filled by Fe3+, and
Li+ and Fe3+ share the octahedral sites. Structurally, LFO
exists in two crystallographic phases, namely, the ordered �
�space group P4132� and disordered � phase �space group
Fd3m�.7 In the ordered phase, the Li+ and Fe3+ ions occupy
the octahedral sites in 1:3 ratio, whereas in the disordered
phase these ions are distributed randomly. The �-LFO has a
primitive cubic unit cell with a=c=8.33 Å and undergoes
an order-disorder transition close to 750 °C.8 One of the
consistent problems confronted in replicating bulklike prop-
erties for spinels into thin films can partly be attributed to the
lack of isostructural substrates with good lattice match. The
preferred substrate for LFO has been rock salt MgO for bet-
ter lattice match.9,10 However, from our recent experience,
the use of MgAl2O4 �MAO�, a spinel substrate, coupled with
low pressure growth has reproduced bulklike properties for
other isostructural ferrite materials such as NiFe2O4 and
CoFe2O4.11

In this study, we have fabricated LFO films using the
pulsed laser deposition technique �excimer laser, �
=248 nm� on �100�-oriented cubic substrates �MAO, MgO,
and SrTiO3 �STO�� with different structure and lattice con-
stants. Compared to bulk LFO, rocksalt MgO substrate offers

a tensile strain of +1.1%, whereas spinel MAO and perov-
skite STO offer a compressive strain of �3.0% and �6.2%,
respectively. Coupled with the substrate study, we have
grown LFO at different temperatures to suitably investigate
the optimum growth conditions and growth mode. All LFO
films were grown at a fixed 10 mTorr background oxygen
pressure, under identical laser energy conditions of approxi-
mately 1.5 J /cm2 with a repetition rate of 10 Hz. Prior to
deposition, the substrates were heated to 700 °C and main-
tained at that temperature for 4 h. After growth, the samples
were cooled slowly at a rate of 10–15 °C /min at 100 mTorr
to room temperature. Surface morphology was investigated
using a Veeco nanoscope atomic force microscope �AFM�.
To determine the phase and epitaxy of the films, a standard
�-2� x-ray diffraction setup �Phillips X� pert Pro� was used
with a Cu K� source operating at 45 kV and 40 mA. Mag-
netic properties of the LFO films were determined by a su-
perconducting quantum interference device �SQUID� magne-
tometer and alternating gradient magnetometer. Polarized
Raman spectra were measured with XX, XY, X�X�, and
X�Y� scattering configurations using 488 nm excitation. In
these notations the first and second letters refer to the polar-
ization direction of the incident and scattered light, respec-
tively. X, Y, X�, and Y� corresponding to the �100�, �010�,
�110�, and �–110� cubic directions.

Detailed texture and epitaxy analysis included symmet-
ric �-2� scans, rocking curves, and x-ray-reflectivity. All
films in the study had thickness of between 120 and 160 nm.
Large-angle �-2� scans show only diffraction peaks corre-
sponding to LFO films and the substrates. No evidence of
any secondary phase is found from x-ray measurements. Fig-
ures 1�a�–1�c� show �-2� plots around the �004� peak for
LFO films on MgO, MAO, and STO grown at different tem-
peratures. From the film reflection intensity and rocking
curve analysis we conclude that the samples grown at
610 °C to have the best texture on all substrates. Films on
MAO and STO show nearly bulk lattice parameters �Fig.
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1�d��, which indicates strain relaxation. At higher tempera-
tures, both the intensity and texture deteriorate on all sub-
strates, probably from defects in the films likely from Li loss.
The trend in the out-of-plane lattice parameter, as shown in
Fig. 1�d�, is consistent with the strain relationship with the
substrate. Surprisingly, even though the sample on MgO
shows the best texture �full-width-at-half-maxima of 0.04°�
compared to MAO ��0.60°� or STO ��1.60°� it is still far
from the bulk values. To analyze further, we measured the
in-plane lattice parameter of only the LFO film on MgO
substrate using Cohen’s method as shown in Table I.12,13 We
find that even at the highest temperature �690 °C�, the MgO
films are significantly strained to the substrate �2aMgO

=8.42 Å�. A slight increase in the cell volume with tempera-
ture is observed and a positive Poisson ratio value is ob-
tained in all our films as expected.

Surface morphology of LFO films show that samples
grown on STO substrate �Fig. 2�c�� have higher rms rough-
ness than MAO �Fig. 2�b�� or MgO �Fig. 2�a�� substrate. The
samples grown on MgO are practically atomically flat at all
growth temperatures. Further, the roughness on STO sub-
strates increases with temperature, whereas samples on MgO
and MAO did not show this trend consistently. We speculate
that the LFO films grow in a two-dimensional layer-by-layer
mode on MgO and MAO substrate, whereas the films on
STO grow predominantly in three-dimensional island mode.
Lattice mismatch is playing a significant role here in the
growth mode, as has been reported in other systems.14

Magnetic measurements are shown in Figs. 2�d� and 2�e�
for samples grown at 610 °C on MAO and MgO. The
data on MgO sample were taken at 20 K where the magnetic
contribution of the substrate was measured to be negligible.
After proper substrate correction, we found that the sample
on MAO has close to bulk magnetization value
�2.5 �B / formula unit.�320 emu /cc�. The sample on
MgO substrate had much lower magnetization and did not
appear to saturate at high fields. This could imply the forma-
tion of strong antiphase boundaries which have been re-
ported in other spinel films.15–17

In Fig. 3 are compared the polarized Raman spectra of
LFO single crystal and LFO/MAO and LFO/MgO films.
From symmetry considerations one expects large number of
Raman allowed phonon modes, 6A1+14E+20F2, in the or-
dered �-phase �P4132�, compared to only five �A1g+Eg

+3F2� in the disordered �-phase �Fd3m�. The A1�A1g� modes
are allowed in the XX and X�X� spectra, the E�Eg�
modes—in XX and X�Y�, and F2�F2g� modes—in the X�X�
and XY spectra, and therefore the symmetry of Raman lines
can unambiguously be identified from their polarization de-
pendence. The comparison clearly shows that the spectra of
LFO/MAO films reproduce to a great extent that of the or-
dered single crystal, although the lines are definitely broader.
On the other hand, the spectra of LFO/MgO exhibit only the
Raman lines expected for the Fd3m phase, which indicates
complete disorder of Li and Fe at the octahedral �B�-sites.
This result is of significant interest as it shows that the non-

TABLE I. Unit-cell lattice parameters and Poisson ratio values of strained LFO films grown on MgO substrate at different temperatures.

Growth
temperature

�°C�

In-plane lattice
parameter �a�

�Å�

Out of plane lattice
parameter �c�

�Å�

Volume
a2�c
�Å3�

Poisson’s ratio

− �c − bulk

a − bulk
�

690 8.434 8.303 590.61 0.26
610 8.428 8.290 588.85 0.41
510 8.414 8.244 583.64 1.02
412 8.414 8.236 583.07 1.12

FIG. 1. �Color online� X-ray diffraction �-2� scans of LFO films grown at
different temperatures on �a� MgO, �b� MAO, and �c� STO substrates. �d�
Growth temperature dependences of the determined lattice constants in the
film normal direction. Dashed lines in all figures correspond to bulk LFO
lattice constant �8.33 Å�.

FIG. 2. �Color online� 2 �m�2 �m AFM images of LFO films grown at
610 °C on �a� MgO, �b� MAO, and �c� STO substrates. The vertical scale is
10 nm in all figures. The rms roughness values are 0.18, 0.26, and 2.9 nm on
MgO, MAO, and STO substrates, respectively. �d� and �e� SQUID measure-
ment of the LFO film on �d� MAO and �e� MgO substrate. Films on MAO
substrate show near bulk magnetization values.
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equilibrium laser ablation process used for film growth mim-
ics the rapid quenching method7 used to stabilize the �-phase
in the bulk. Thus the pulsed laser deposition technique pro-
vides a convenient route for the preparation of unique
samples of �-phase LFO films. It is worth mentioning here
that the x-ray diffraction and Raman spectroscopy are sensi-
tive to different ordering scales, long and short range orders,
respectively. Therefore, a conclusion can be made that the
LFO/MgO films reported here are examples of true �-phase
LFO. Raman spectra of LFO/STO indicate the presence of
�-Fe2O3, not picked up by x-ray diffraction, along with or-
dered alpha-phase LFO.

In summary, we have investigated LFO thin films under
different substrate-induced strain and provide strong evi-

dence for partial ordering of Li and Fe at the octahedral sites
of LFO/MAO and complete octahedral-site disorder of the
LFO/MgO films. Even though texture, epitaxy, and growth
mode improved with lattice matching, structural and mag-
netic properties are significantly closer to single crystal for
the case of isostructural MAO. Our study provides unique
opportunity for further studies of the disordered �-phase of
LiFe5O8 in the thin film form at room temperature for energy
applications.
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