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Superconducting thin films of Fe1.08Te:Ox have been epitaxially grown on SrTiO3 substrates by pulsed-laser
deposition in controlled oxygen atmosphere. Although the bulk Fe1.08Te is not superconducting, thin films with
oxygen are superconducting with an onset and a zero resistance transition temperature around 12 and 8 K,
respectively. Oxygen was found to be crucial to the superconducting properties of these films, suggesting that
the oxygen incorporation can induce superconductivity in FeTe thin films. A metal-insulator transition is found
at about 60 K, lower than that of bulk ��70 K�. From magnetoresistive measurements, we obtained the
irreversibility line and the upper critical field.
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Superconductivity in ferropnictides has attracted much in-
terest due to their high critical temperatures Tc and an un-
usual interplay of multiband superconductivity and antiferro-
magnetism mediated by the Fe ions in the itinerant
antiferromagnetic parent compounds.1 In the Fe1+xRyTe1−y
�R=Se,S� family of materials, the parent compound Fe1+xTe
is not a superconductor. A structural phase transition from
tetragonal to monoclinic was found around 70 K and a
metal-insulator transition occurs simultaneously with an an-
tiferromagnetic metallic phase below the transition
temperature.2 The tetragonal �-phase FeSex was found to be
superconducting with a Tc of 8 K,3 and 37 K under a pres-
sure of 7 GPa.4 Tc was raised to 14 K by 50% substitution of
Se for Te.5 S-substituted FeTe was also found to be super-
conducting around 10 K.6 It was generally believed that the
substitution of Se or S for Te destroys the antiferromagnetic
phase and results in the superconducting phase.6,7

However, until now no superconductivity has been re-
ported on oxygen-substituted Fe1+xTe, although O, S, Se, and
Te stay in the same column in the Periodic Table of elements.
In fact, oxygen was considered detrimental to this class of
materials, because most of the time it forms oxides with Fe
and Te, instead of occupying the Te lattice sites.8 On the
other hand, it would be interesting to make thin films of
Fe1+xTe on a cubic substrate. If the film could stick to the
substrate with a tetragonal phase by the epitaxial strain, the
antiferromagnetic phase transition may become weaker and
the superconductivity may occur. In this Brief Report, we
prepared epitaxial Fe1.08Te:Ox thin films on cubic SrTiO3
�STO� substrates by pulsed-laser deposition �PLD�. We
found that the films made in the oxygen atmosphere are su-
perconducting with an onset Tc �Tc

onset� around 12 K and a
zero resistance Tc �Tc

0� about 8 K. The superconductivity is
possibly due to the oxygen substitution, although other
mechanisms may also play a role.

The target with nominal composition Fe1.08Te was pre-
pared by solid-state reaction with appropriate stoichiometry
of Fe and Te small chips and droplets. It is in a single phase
as confirmed by x-ray diffraction. A KrF excimer laser
�wavelength of 248 nm� was used for thin-film deposition
with an energy density of �3.0 J /cm2 and a repetition rate
of 5 Hz. The substrate temperature was varied from 300 °C
to 450 °C. The oxygen pressure was kept below

1�10−4 Torr. After deposition, the films were cooled to
room temperature at a rate of 60 °C /min. Structural charac-
terization was performed using x-ray diffractometry and
high-resolution transmission electron microscopy �HRTEM�.
Resistivity was measured by the standard four-probe method
in a physical property measurement system �PPMS, Quan-
tum Design� and magnetization was measured in a supercon-
ducting quantum interference device �magnetic property
measurement system �MPMS�, Quantum Design� with an
ultralow-field option.

Figure 1�a� shows a �-2� x-ray diffraction scan for a typi-
cal 1000 Å Fe1.08Te:Ox film grown on a �100� STO sub-
strate. Only the �00l� peaks from the film and substrate are
present indicating that the out-of-plane alignment of the film
is good. Figures 1�b� and 1�c� show the � scan of �112� peak
from the thin film and the substrate. Both have four peaks
with 90° intervals showing fourfold symmetry. Peaks from
the thin film and the substrate are well aligned with each
other, indicating that the film is aligned in plane, too. We
estimate that the lattice constants a and c of the film are
about 3.821 and 6.275 Å. These values are quite similar to
that of bulk,7 although the film is in quite strong tensile strain
on STO substrates, which are cubic with a lattice constant of
3.905 Å. The strain may be relieved at the interface because
of the relatively large lattice mismatch. Figure 2 shows a
cross-sectional HRTEM image of the Fe1.08Te:Ox film on a
STO substrate. The film is epitaxially grown on the substrate
with the c axis along the substrate normal. Energy-dispersive
x-ray spectroscopy shows that the films have a composition
close to the nominal composition of the target.

Figure 3 shows the temperature dependence of resistivity
of Fe1.08Te:Ox thin films. The film shows semiconductor be-
havior above �60 K, which is consistent with the bulk ma-
terials. Below 60 K, a gradual crossover to metallic behavior
was found, corresponding to the structural phase transition
observed in the bulk around 70 K. Detailed measurement
shows that, within 2 or 3 days, this crossover becomes less
sharp and its temperature increases to near 70 K, about the
same as that of the bulk, although not much change was
found in its superconducting properties. The metallic behav-
ior persists down to about 15 K, then resistance shows a
small upturn before dropping to zero. In the case of the bulk
materials, it is almost flat down to zero temperature.7 Figure
3 inset shows the resistive superconducting transition of two
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films. One was made in oxygen with a clear zero resistance.
The other was made in “vacuum” �less than 2�10−6 Torr at
elevated temperature; the base pressure of our PLD system is
about 2�10−7 Torr�. Its resistivity also shows a drop at low
temperature but does not go to zero. This indicates that oxy-
gen is crucial to the superconducting properties of the
Fe1.08Te:Ox thin films.

Figure 4 shows the temperature dependence of the mag-
netization of an Fe1.08Te:Ox thin film during the supercon-
ducting transition in zero-field cooling �ZFC� and field cool-
ing �FC� under 2 Oe magnetic field along the c-axis
direction. A strong diamagnetic signal was observed in ZFC
around 5 K, which is a little lower than the zero resistance Tc
determined from the resistivity measurement. The strong
magnetic shielding effect clearly demonstrates the bulk na-
ture of the superconductivity in the sample. Figure 4 inset
shows the temperature dependence of the magnetization of
the superconducting Fe1.08Te:Ox thin film with the STO sub-
strate in a magnetic field of 0.5 T. The large tail at low
temperature comes from the paramagnetic response of the

substrate. A peak around 50 K was found and is probably
associated with the antiferromagnetic transition observed in
the bulk. No anomaly was found around 125 K, as observed
by Fang et al.5

We also performed the magnetoresistive measurement of
our samples under different magnetic fields along the c axis
across the superconducting transition. The results are shown
in Fig. 5�a�. Under magnetic fields, broadening of the transi-
tion was observed. The same data are plotted in a semiloga-
rithmic scale in Fig. 5�b�. The resistivity drops, accelerating
as the temperature decreases, about five orders of magnitude
from the normal-state value to the level below the resolution
of our measurement. We define Tc

onset�H� as the intersection
by extrapolating both the normal resistance and the super-

FIG. 1. �Color online� �a� �-2� scan of an Fe1.08Te:Ox thin film
on a �100� STO substrate. �b� � scan of the �112� peak from the
Fe1.08Te:Ox film and �c� from the STO substrate.

FIG. 2. Cross-section HRTEM image of an Fe1.08Te:Ox thin
film on a STO substrate.

FIG. 3. �Color online� Temperature dependence of resistivity of
one Fe1.08Te:Ox thin film grown on a STO substrate. The inset
shows the resistive superconducting transition of two Fe1.08Te films
made with oxygen and in vacuum.

FIG. 4. �Color online� Magnetic superconducting transition of
one Fe1.08Te:Ox thin film grown on a STO substrate in ZFC and
FC. Inset shows the magnetization versus temperature measurement
from 10 K to room temperature.
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conducting transition line, as shown in Fig. 5�a�, and Tc
0�H�

as the temperature where resistance drops below our measur-
ing resolution ��50 nV /cm�, as shown in Fig. 5�b�. The
irreversibility line Hirr�T� and the upper critical field Hc2�T�
are obtained from Tc

0 and Tc
onset, respectively. The results are

shown in Fig. 6. Hirr�T� is obtained using critical current
density criteria of 100 A /cm2 at an electrical field sensitivity
of 50 nV/cm.9 By using the Werthamer-Helfand-Hohenberg
model,10 −Hc2�0�=0.7TcdHc2 /dT �Tc

, we estimated Hc2�0� to
be �200 T from Tc

onset. Although this value is probably
overestimated, the actual Hc2�0� can be remarkably high.
Considering the fairly low Tc in this system with other high
Tc superconductors, this is a especially striking property of
the “11” system.11

As shown in Fig. 3 inset, the oxygen is found to be crucial
to the superconducting properties of the Fe1.08Te:Ox thin
films. All films with a clear zero resistance were made with
oxygen. Although the films made in ‘‘vacuum’’ also show a
sharp decrease in resistance below 10 K, their resistances
never reach zero down to 1.8 K. Since there is always re-
sidual gas in the chamber even in this vacuum, these films
may still have oxygen, although with much less amount.
Thus, it is reasonable to believe that superconductivity in our
Fe1.08Te:Ox film is due to the oxygen substitution of Te,
similar to the superconductivity from the Se and S substitu-
tions of Te in FeTe.6 In addition, the lower crossover tem-
perature from the semiconductor to metallic behavior in our
superconducting films is also an indicator of the oxygen
substitution.6 However, it is interesting to note some draw-
backs in this simple explanation. First, oxygen has a much
smaller radius than Te; therefore, oxygen-substituted FeTe

should have smaller lattice constants, but our observation
shows a very small change. Second, a large amount of oxy-
gen substitution for Te is not stable since it most likely forms
different oxides with Fe and Te.8 For example, if the oxygen
pressure is larger than 1�10−4 Torr in the growth chamber,
no epitaxial film of FeTe would grow. Although the exact
oxygen content in our films is unknown, it is quite likely that
there is no large amount of oxygen in the films from our
observation of the lattice constant change. It is then difficult
to comprehend that a small amount of oxygen substitution
can make the film superconducting.

One possible scenario is that a phase separation occurs at
low temperature. Some parts of the film are superconducting
and some other parts are antiferromagnetic metal as in the
bulk. Phase separation may be static and there are oxygen-
rich and oxygen-poor regions. It may also be electronic
which do not have separated chemical phases and is much
harder to detect. The simultaneous observation of the antifer-
romagnetic phase transition and superconductivity in our thin
films is consistent with this interpretation. This behavior has
also been observed in SmFeAsO1−xFx �Ref. 12� and
Ba1−xKxFe2As2.13 Another possible factor may be the epitax-
ial strain, which may stabilize the high-temperature tetrago-
nal phase and weaken the antiferromagnetic phase transition,
therefore making the superconductivity easier to occur. We
would like to point out that it is important to know whether
oxygen stays in the lattice site or not. If it is in the interstitial
sites, there might be a complete different interpretation of its
superconducting origin. For example, excess Fe in Fe�2� lat-
tice sites is known to create localized magnetic moments,
which cause pair breaking and destroy the superconductivity.
Oxygen in the chamber may reduce the amount of excess Fe
by forming secondary oxides with Fe, thus making supercon-
ductivity more favorable. It is noteworthy that moisture has
recently been observed to cause superconductivity in
FeTe0.8S0.2, which may be due to the same mechanism.14

Further study is needed in clarifying this issue.
In conclusion, we have grown epitaxial Fe1.08Te:Ox thin

films in controlled oxygen atmosphere by pulsed-laser depo-
sition. Thin films are superconducting with an onset Tc of

FIG. 6. �Color online� Irreversibility field Hirr and upper critical
field Hc2 obtained from Tc

0 and Tc
onset. The straight line is a linear

fitting for Hc2�T�, which gives dHc2 /dT�−23 T /K.

FIG. 5. �Color online� �a� Superconducting transition under vari-
ous magnetic fields along the c axis. For clarity, data taken under
0.1, 3, and 7 T fields are not shown; �b� all data are shown in
semilogarithmic scale.
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about 12 K. Oxygen was found to be crucial to the supercon-
ducting properties of these films. A metal-insulator transition
is found at about 60 K, lower than that of bulk. The upper
critical field Hc2�0� was found to be remarkably high

considering its moderate Tc.
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