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Variable electronic stripe structures of the parent iron-chalcogenide
superconductor Fe1+dTe observed by STM-STS
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Nanoscale stripe structures of the parent iron-11 superconductor Fe1.033Te were investigated using low-
temperature scanning tunnel microscopy-scanning tunnel spectroscopy (STM-STS). STM topographies and
dI/dV maps show clear stripe structures with the bias-dependent multiple periods 2×a0 and a0, where a0 is
the lattice constant ∼0.38 nm. The form of the stripe structures seen on dI/dV maps strongly depends on the
bias voltage. Varying stripe structures are apparently driven by magnetic order appearing below the transition
temperature Ts ∼ 72 K, that is defined by the noticeable drop in the temperature dependence of resistivity, and
are strongly influenced by the underlying excess Fe.
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I. INTRODUCTION

Recently discovered iron-based superconductors [1], which
possess the highest critical temperature Tc of ∼55 K among
noncuprate superconductors, are of particular interest for
understanding the interplay between superconductivity and
magnetism and as promising materials for applications [2].
Among iron-based superconductors, the iron-chalcogenide
Fe(Ch) compounds (the 11 family, Ch = chalcogen) possesses
the simplest crystal structure because they have no charge-
reservoir layers. Hence, to influence their electronic properties
including superconductivity one should modify the lattice
structure, applying the chemical pressure, i.e., replacing Ch

elements, and/or the external high pressure [3]. In addition,
the absence of interstitial atoms in the interlayer provides easy
cleavage with nonpolar charge neutral surface. Therefore, the
11-family materials are very suitable for the surface studies
such as scanning tunneling microscopy/spectroscopy (STM-
STS), which provides direct information on electronic density
of states. Recent tunnel experiments, including the STM-STS
ones, on 11-family superconductors show the gap magnitude
of BCS type with the gap to Tc ratio of 2�/kBTc = 4–6 [4–8]
and, most probably, s± symmetry of order parameter [5].

At the same time, the nonsuperconducting parent rep-
resentative of 11-family Fe1+dTe exhibits the bicollinear
antiferromagnetic order with spins directed along the diagonal
of the Fe-Fe square network [9–11] as shown schematically
in Fig. 1(a). Those compounds have the structural and
magnetic phase transitions (often simultaneous ones [8]) at
the transition temperature (Ts) of 60–80 K. Superconductivity
is believed to occur after the destruction of the magnetic
order by certain perturbations. It is important to investigate the
electronic state of the parent compounds on the microscopic
scale because small scale features at the superconducting-
nonsuperconducting phase boundary should provide us with
crucial information about the relationship between supercon-
ductivity and magnetism of materials concerned. From the
schematic view of Fig. 1(a), one can clearly recognize that
the period of the spin alignment is 2 times of the diagonal of
the Fe-Fe square distance, i.e., 2×a0 on the cleaved surface,
which are indicated by dashed lines in Fig. 1(a). Recently an
STM experiment on the parent compound Fe1.07Te revealed the

commensurate unidirectional 1×a0 stripe structures in the
spatial distribution maps of the local density of states (LDOS)
maps, indicating that the magnetic and/or orbital orderings
may determine the surface electronic states appropriate to
Fe1+dTe compositions [12]. The 1×a0 stripe structures ap-
peared to be consistent with a theoretical result that a spin
density wave (SDW) could produce a charge density wave
(CDW) signature with a period two times smaller than that
of SDW [13]. This picture was obtained in the mean-field
approach when the defect influence is negligible. Otherwise,
the CDW patterns are more involved. However, such modu-
lations of 1×a0 would be indistinguishable from the lattice
period (∼a0); on the contrary, if the detected electronic mod-
ulations have the periods other than 1×a0, these modulations
would be easily distinguished as the real LDOS modulation
by the reconstructed lattice morphology. Neutron scattering
experiments revealed recently a magnetic order tuned by
the excess Fe of the parent compounds of Fe1+dTe [11]. In
addition, studies of spin-polarized STM topography revealed
unidirectional or bidirectional 2×a0 stripe structures on the
surface of monoclinic Fe1+dTe in high magnetic fields [14].
The observed rich variety of magnetic and structural surface
modulations has not yet been fully understood. In view of
the existing ambiguity concerning stripes in Fe1+dTe, more
experimental microscopic investigations of surface electronic
properties are needed to clarify the periodicity of the modu-
lation structures. In particular, bias-dependent LDOS distri-
butions can be effectively examined by STM measurements
of the conductance dI/dV . Here I is the current and V is
the voltage.

In this paper we studied by STM bias-dependent nanoscale
stripe structures of the iron-chalcogenide Fe1+dTe being also
a parent one to the superconducting FeSe1−xTex family to
make clear the relationship between magnetism and electronic
properties of this material. The LDOS maps showed clear
stripe structures with the bias-dependent multiple periods
2×a0 and a0. From the bias dependencies and excess Fe
positions, we suggest that the variable stripe structures are
related to the magnetic order existing below the transition
temperature Ts and are strongly influenced by the underlying
excess Fe.
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II. EXPERIMENT

Fe1+dTe single crystals were synthesized by the self-flux
method using double-sealed quartz tubes with the use of Fe
(99.9%) and Te (99.99%) powders. The tube was heated at
1300 K and the furnace cooled to room temperature at the
rate of −3 K/h. After that, the samples were annealed at
673 K for 100 h [15]. Details of the synthesis procedures
were described elsewhere [7,16]. The actual composition of
crystal measured by the electron probe microanalyzer (EPMA)
is Fe1.033Te (d = 0.033). The temperature dependence of the
resistivity exhibits a noticeable drop at the certain temperature
Ts ∼ 72 K [16], which corresponds to the structural and
magnetic phase transitions.

STM apparatus used in the experiment was the upgraded
Omicron LT-UHV-STM system [17,18]. The samples were
cleaved in situ at T = 77 K in an ultrahigh vacuum chamber
of P ∼ 10−8 Pa to ensure pristine crystal surfaces. The Pt/Ir
tip was cleaned by a high-voltage field emission process with
an Au single crystal target before the scanning operation.
STM/STS measurements were carried out at T = 4.9 K under
the pressure of P = 10−8 Pa produced by the ion pump. Before

the STM observation, the local barrier height (work function)
was measured using the relationship between the tunneling
current (I ) and the tip-sample distance (z) (I -z method [19]).
The high enough barrier height, φ ∼ 5 eV [shown in the inset
of Fig. 1(a)] was found indicating that the tunnel conditions
were satisfactory to obtain the atomic resolution. A constant
current mode was adopted to observe STM images. The
dI/dV curves were obtained by numerical differentiation of
the measured I -V characteristics with the spatial interval of
∼0.10 nm. The voltage V refers to the sample bias.

III. RESULTS AND DISCUSSION

Figure 1(b) shows an STM image (topography) of the
Fe1.033Te surface with the sample bias voltage of V = −30 mV
at T = 4.9 K. The regular atomic arrangement together with
the randomly distributed large bright spots is clearly seen. The
spot density on this STM image was approximately 0.31 nm−2,
i.e., about 0.04/unit cell, which is in a good agreement
with the EPMA results of excess iron, d = 0.033. Hence,
the randomly distributed large bright spots are considered

FIG. 1. (Color online) (a) Schematic lattice structure of Fe1.033Te and a 3D bird’s eye view of the STM image. The inset shows a typical
data of I -z curve on the observed surface. (b)–(d) Bias dependence of the STM images of Fe1.033Te together with the 2D-FFT power spectrum
images, (b) V = −30 mV, (c) V = −100 mV, and (d) V = +100 mV (It = 0.4 nA). The lower-right inset of (b) shows the STM image
(V = −30 mV, 8 nm×8 nm) including the twin boundary (indicated by arrows) on the Fe1.033Te surface.
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as the excess Fe ion images. On the other hand, the regular
atomic lattice structure is due to the topmost Te atoms as
shown in the schematic lattice model and the bird’s eye
view of the topography shown in Fig. 1(a). This had been
suggested in previous reports [5,7,12,20]. The lattice interval
along the a-axis direction (large interval one) of these atomic
arrangements is about ∼0.38 nm, which corresponds to the
previously reported lattice constant a0 ∼ 0.38 nm [7]. It is
noted that the b-axis lattice constant is slightly smaller than
that of a axis. Furthermore, there are chain patterns running
along the b-axis direction (perpendicular to the a axis), which
is indicated by dashed lines in Fig. 1(b). They constitute a
remarkable feature of the STM topography. This modulation
pattern forms the stripe structure with the period of ∼0.76 nm,
two times the a-axis constant a0 (2×a0 stripe structures). The
lower-right inset of Fig. 1(b) shows an STM image including a
twin boundary on the same specimen. One can clearly see that
the direction of the stripe structure of each domain changes by
90 deg across the twin boundary. The existence of such a twin
boundary strongly suggests the nonequivalence of the atomic
arrangement along a and b axes, i.e., the lattice constants are
not equal: a0 �= b0. The STM topographies at different bias
voltages (V = −100 and +100 mV) are shown in Figs. 1(c)
and 1(d), respectively. At V = −100 mV, there are no clear
2×a0 stripe structures, only very weak stripelike structures
are visible over the regular atomic corrugation. On the other
hand, the 2×a0 stripe structures are present at the bias voltage
of V = +100 mV. As we see, the shapes of these structures
strongly vary with the bias voltages. The features of STM
topographies were also discussed in detail in Ref. [21]. Two-
dimensional images of the first Fourier-transform (2D-FFT)
power spectrum are shown in the upper-right insets of each
STM image and give additional information about spatial
periods of the surface structures. Three kinds of the basic
peaks, q1 peaks (a-axis Bragg peak), q2 peaks (b-axis Bragg
peak), and q1/2 (2×a0 stripe structures) are clearly recognized
in the FFT images, which are representatively indicated by
circles and open squares in the FFT image of Fig. 1(b). There
are no clear q1/2 peaks in the FFT spectrum at V = −100 mV,
owing to the absence of the 2×a0 stripe structures in the STM
image at V = −100 mV [Fig. 1(c)], while there are strong
q1/2 peaks corresponding to the structure 2×a0 observed
for V = −30 and +100 mV. Similar stripe patterns in STM
topographies have been already reported in the iron-arsenide
superconductors AFe2As2 (122 family, A is an alkaline-earth
metal) as the 2×1 and/or

√
2×√

2 superstructures [22,23].
Such long-range ordered modulations in 122 superconductors
were interpreted as surface reconstructions induced by the
half-layer alkaline-earth alignment [8]. Periodic lattice distor-
tions of FeAs layers, corresponding to charge density waves
(CDWs) on the surface, were also considered as the origin of
such 2×1 structures in 122 compounds. On the other hand,
in the considered Fe1+dTe case, the origin of the apparent
surface reconstruction should have another nature because
there are no interlayer atoms like Ba in 122 compounds and
the nonpolarized surface is stable. It should be noted that,
according to our observed STM topographies, the type of
these stripe structures varies with bias voltages, i.e., both
a0 and 2×a0 stripe structures can appear. Therefore, it is
difficult to conclude that they are attributed to a simple surface

reconstruction. In this connection, it is important that the ob-
served stripe period corresponds to that for the bicollinear spin
order in the diagonal direction with respect to the Fe-Fe net-
work, as is shown in the schematic picture of Fig. 1(a). These
issues will be discussed in more detail below. Since the STM
topography reflects both surface morphology and the inte-
grated LDOS, one should investigate the spatial distribution of
the latter.

To study LDOS features, measurements of the dI/dV

spectrum were carried out, especially bearing in mind the
necessity to study stripe structures. Indeed, in the intrinsically
nonsymmetric setup of the STM, dI/dV is proportional to
LDOS. Measuring the dI/dV map, it is possible to find
the LDOS spatial distribution. Figure 2(a) shows the STM
topography which is obtained by the dI/dV measurements at
V = −30 mV. Figures 2(b) and 2(c) show spatial variations
of dI/dV (x,V ) spectra (the dI/dV line spectrum) measured
along the solid and dashed arrows of Fig. 2(a), respectively,
the spacing being 0.1 nm. The dI/dV curves show V-shaped
structures possessing neither gap edges nor gap peaks within
the bias ranges of |V | < 150 mV [21], which should be
observed when periodic lattice distortions and concomitant
CDWs exist [24]. Perhaps the value of the CDW energy gap
is much larger (2�CDW � 15kBTCDW ∼ 100 meV or more;
here we assume the critical temperature of the phase transition
Ts ≡ TCDW) than that indicated in the studied bias range of the
figure [25]. Apparent magnitudes of the zero-bias conductance
[dI/dV (V = 0 mV)] demonstrate the metallic character of
the sample conductivities. The observed features are quite
typical for the nonsuperconducting parent-11 compound being
the reference material for various compositions Fe1+dTe. One
can easily see from Fig. 2(c) that the conductance magnitude
dI/dV is modulated with the period about ∼1 nm, which
is explicitly indicated by dashed lines. Figures 2(d)–2(i) show
dI/dV maps [dI/dV (r,V )] at the representative bias voltages
V from −15 to +16 mV. The dI/dV maps are derived from
the 64×64 points of the conductance [dI/dV (V )] values at
each bias voltage. It is clearly seen that the map patterns change
drastically with the bias voltage. The inset of each dI/dV map
shows corresponding 2D-FFT images. Randomly distributed
bright spots appropriate to the STM topography of Fig. 2(a)
are also visible, especially in Fig. 2(d). Thus, the positions of
the excess Fe can be clearly identified at all bias voltages as
distinguishable bright or dark spots. The contrast changes with
the bias voltage; bright spots at V = −15 and −5 mV become
dark spots or domains within the voltage interval between
V = 0 and +16 mV. Such variations manifest themselves as
asymmetric features of LDOS at the positions of excess Fe, as
is seen from the marked dI/dV curves of Fig. 2(b). The stripe
structures, which rearrange with the bias voltage, are clearly
recognized in Figs. 2(d)–2(i). In particular, at the bias voltage
of V = −15 mV [Fig. 2(d)], weak stripe structures are seen.
They can be identified by the appearance of 2D-FFT peaks
with q1/2 (open squares) and q1 (open circles), indicating
the coexistence of both 2×a0 and a0 stripes. At V = −5 mV
[Fig. 2(e)], the 2×a0 stripe structure becomes dominant in the
dI/dV map so that the q1/2 peak in the 2D-FFT is stronger
than that of q1. The 2×a0 stripe structures are stabilized
around the zero-bias level ∼0 mV [Fig. 2(f)]. Then, at positive
bias voltage of V = +6 and +10 mV [Figs. 2(g) and 2(h)],
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FIG. 2. (Color online) (a) The dI/dV map on the surface of Fe1.033Te obtained by the STM (V = 30 mV, It = 0.4 nA). (b) and (c) A
typical spatial variation of dI/dV spectrum on Fe1.033Te along the dashed arrow in (a), the 10-nm displacement. (d)–(i) The dI/dV maps
of the Fe1.033Te surface. The sample biases are (d) −15 mV, (e) −5 mV, (f) 0 mV, (g) +6 mV, (h) +10 mV, and (i) +16 mV. The inset
of each dI/dV map shows the corresponding 2D-FFT image. q1 and the q1/2 positions are indicated by open circles and open squares,
respectively.

the 2×a0 stripe structures are suppressed in the images and
the q1/2 peaks disappear simultaneously. At V = +16 mV
[Fig. 2(i)], 2×a0 stripe structures are restored and 2D-FFT
peaks of q1/2 are recovered.

To demonstrate the bias dependencies of the periodic
stripe structures (such as 2×a0 and a0) manifested in dI/dV

maps, the bias-voltage-resolved line-cut FFT spectra in the q1
direction (arrow in the inset) are shown in Fig. 3(a) as the 3D
view. The projected plot in Fig. 3(a) constitutes an example
of the FFT spectrum at V = +20 mV. The bias-dependent
trajectories of the peaks at q1/2 and q1 describe the magnitudes
of 2×a0 and a0 stripe structures, respectively. They are
indicated by the dotted and dashed lines in Fig. 3(a). One

can easily see that the trajectory of the q1/2 signal reveals
a broad peak in the negative-bias branch, while that of the
q1 signal is kept at a lower level for negative biases than for
positive ones. To clarify the details, the bias dependencies
of the q1/2 and q1 peak intensities, that correspond to the
trajectory ridges of Fig. 3(a), are depicted in Fig. 3(b). The
q1/2 signals are stronger than those of the q1 ones in the bias
range −11 < V < +2 mV (region I, shadowed area). The
maximal value of the former-momentum signal is reached at
V = −4.7 mV. It is remarkable that the magnitude of the
q1 signal is varying with V in the opposite direction with
respect to that of the q1/2. The intensity of the q1/2 peak
suddenly drops down above V > +2 mV, the minimal value

224503-4



VARIABLE ELECTRONIC STRIPE STRUCTURES OF THE . . . PHYSICAL REVIEW B 90, 224503 (2014)

FIG. 3. (Color online) (a) 3D view of the bias dependence of FFT spectra corresponding to dI/dV along q1 direction (indicated by the
arrow in the inset 2D-FFT). The projected curve shows an example of the line-cut FFT spectrum at V = 20 mV. The arrows indicate the
positions of q1/2 and q1 peaks, which correspond to 2×a0 and a0 stripe structures, respectively. (b) The bias dependence of FFT intensities at
q1/2 and q1 derived from (a).

being reached at V = +6.5 mV. Since the minimal amplitude
of the q1/2 (∼9) peak falls below the background level of the
FFT (∼10), the very existence of 2×a0 stripe structures in the
bias range of +5 < V < +7 mV is in doubt.

The momentum-space results represented in Fig. 3 agree
with the characteristic features of dI/dV maps. Namely,
the 2×a0 stripe structures are clearly seen in Figs. 2(e)
(V = −5 mV) and 2(f) (V = 0 mV), while only the strong
a0 stripe structures remain in Fig. 2(g) (V = +6 mV). At the
same time, in the bias range of +7 < V < +18 mV, the q1/2
signal is enhanced and the 2×a0 structures recover again. This
restoration of the q1/2 signal testifies that another kind of
2×a0 modulation appears above V � +7 mV; i.e., there are
at least two types of 2×a0 stripe structures, their consecutive
sequence being bias driven.

To elucidate the reason of alternating 2×a0 and a0 modula-
tions in the real space, profiles dI/dV versus displacement
were displayed in Fig. 4(a) for several bias voltages. The
data were averaged over the rectangular area indicated in the
inset by dashed line boundaries. Those profiles have the same
vertical scale of dI/dV amplitude but were offset for clarity.
Two modulation periods 2×a0 and a0 can be distinguished in
Fig. 4(a) depending on the bias voltage. Furthermore, two
types of 2×a0 stripe structures can be easily recognized.
For example, the dI/dV peak positions at V = 0 mV are
displaced with respect to those for V = −20 mV. Hereafter,
such two different kinds of atomic positions corresponding
to dI/dV peaks will be labeled as A sites (dashed lines)
and B sites (dotted lines). One can see that the peaks of
the dI/dV spatial patterns are mainly located at A sites
for the voltages −5 and 0 mV, which fall into region I of
Fig. 3(b). On the other hand, at positive biases V = +16 and
+20 mV the peaks of corrugations are mainly located at B sites.
In the intermediate bias range (V = +10 and +6 mV), the

crossover occurs between the structures with maxima located
at A sites and B sites, thus manifesting the a0 stripe patterns.
The continuous bias map of the averaged dI/dV spatial pro-
files is shown in Fig. 4(b) as the light and shaded contrast. The
dashed and dotted lines indicate A-site and B-site positions,
respectively, which correspond to those shown in Fig. 4(a). As
can be seen from Fig. 4(b), the peak positions correspond to
B sites below the negative bias V � −18 mV [at the bottom
of Fig. 4(b)]. Then, in the bias range −18 < V < −11 mV,
structure peaks manifest themselves both at A and B sites
simultaneously. Hence, the FFT intensity of q1 (the a0 stripe
structures) is stronger than that of q1/2 (2×a0) in Fig. 3(b).
Stripe structures peaked at B sites gradually disappear in the
interval −11 < V < +2 mV [corresponding to region I of
Fig. 3(b)], while the stripe structures with their maxima at
A sites persist. As a consequence, the strong 2×a0 stripe
structures peaked at A sites are clearly distinguished in this bias
range. That is why in Fig. 3(b) the q1/2 signal is much stronger
there than its q1 counterpart. With further voltage increase,
i.e., in the bias range +2 < V < +10 mV, the corrugations
with B-site peaks recover and coexist with the A-site-peaked
structure, so that the resulting dominant a0 stripe structures
reappear as a manifestation of the crossover between patterns
peaked at A and B sites. For V � +10 mV, the structure
peaked at A sites is gradually suppressed but the neighboring
A-site and B-site peaks superimpose on one another. Thus, a
combined structure is formed characterized by a wide stripe
pattern with the period of 2×a0. The combined-structure
features are consistent with the wide-stripe pattern found in the
topography of V = +100 mV [Fig. 1(d)]. Therefore, the strong
bias dependence of FFT signals corresponding to 2×a0 and
×a0 structures [and shown in Fig. 3(b)] should be considered
as the result of the interference between two periodic structures
with their maxima existing at A or B sites.
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FIG. 4. (Color online) Bias dependencies of the cross section of the dI/dV map. The inset shows an example of the averaged area. (a) The
line-cut view of dI/dV spatial profiles. (b) The continuous view of dI/dV spatial profiles.

FIG. 5. (Color online) The typical STS results at T = 77 K above >Ts . (a) The dI/dV map at V = +10 mV. (b) The line spectra obtained
for coordinates along the dashed arrow indicated in (a).
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Typical STS results obtained at T = 77 > Ts � 72 K are
shown in Fig. 5. Those dI/dV map and line spectra reveal
that there are no periodical structures or streak modulations
at this temperature. It means that stripe structures disappear
above the structural transition temperature Ts ∼ 72 K.

The origin of the obtained stripe structures is one of the most
important issues. First, we must consider the possibility of
the cleaved surface reconstruction. As was mentioned above,
similar stripe structures in STM topographies were often
observed in materials belonging to 122 families [22,23,26].
Structural modulations in 122-family superconductors are
parallel to the As-As network, that is, 45 deg away from the
direction of the antiferromagnetic spin density modulations
inherent in parent compounds [23]. Modulations in 122-family
compounds were interpreted as a surface reconstruction,
thus being not the consequence of the intrinsic instability
appropriate to bulk electronic structures [8,26]. On the other
hand, in the Fe1+dTe case, which is studied in this work, there
are no such interlayer atoms as Ba in 122-family compounds.
Furthermore, surface periodic lattice distortions seem not to be
the driving force of these stripe structures, since a large spatial
shift between A-type and B-type structures exists caused by
the bias voltage variation. Thus, the surface reconstruction
is not the main phenomenon to be taken into account while
searching for the stripe origin. On the other hand, the observed
bias-dependent displacement of the stripe-structure maximum
between neighboring sites reflects the nonequivalence of the
corresponding electronic states, which are unstable against the
external bias-driven force.

It comes about from Fig. 4 that the stripe displacement
occurs near V ∼ +2 and ∼−11 mV, indicating that the energy
order of this transformation is about ∼10 meV. This value is
comparable to the magnetic transition temperature Ts � 72 K
� 6–7 meV. Therefore, it is natural to suggest that the peak-site
displacement may be associated with the magnetic or structural
orderings, although the microscopic details are still unclear.
Two types of 2×a0 modulations (A and B ones) compete and
can be interchanged by switching off/on the voltage of about
∼10 meV. At the same time, a0 modulations can be considered
as a result of the crossover between two intrinsic 2×a0 states.
Taking these considerations into account and bearing in mind
that the period 2×a0 corresponds to that of the bicollinear
spin order, it seems reasonable to link the stripe structure with
the magnetic transition rather than with the structural one,
whatever their interrelation. Moreover, it is remarkable that,
as is shown in Fig. 1(b), the stripe-peak positions are almost
pinned to the geometrically left positions of excess Fe atoms.
Since the excess Fe can be viewed as a magnetic impurity,
it gives another argument to assert that these stripe structures
are related to the intrinsic bulk magnetic properties of the
material. As for the magnetic properties of these materials, its
specific form is the spin density wave (SDW) [8]. In the most
general renormalization-group approach to phase transitions
it was shown that all three phenomena, superconductivity,
SDWs, and CDWs, may coexist and interplay [27]. As
mentioned above, according to the theory [13], the momentum
of the CDW modulation is twice as large as that of SDW
(qCDW = 2qSDW) and is indistinguishable from the lattice
period (∼q1) if the conventional monodomain SDW state is
realized. However, certain recent theoretical studies predicted

that the multidomain SDW, which may be induced by
defects and/or strain in actual compounds, could produce the
distinguishable CDW features of variable periods in Fe-based
superconductors [13].

Recently, similar topographic images demonstrating uni-
directional 2×a0 stripe structures in monoclinic Fe1.08Te
were reported on the basis of a spin polarized STM (SP-
STM) technique [14]. Spatial magnetic distributions were
studied by SP-STM using a Pt-Ir tip with the magnetic
Fe cluster at its apex. Magnetic images of unidirectional
2×a0 stripe structures were obtained as the difference of
two topographic images measured for opposite directions of
the external magnetic field, demonstrating bicollinear spin
structures and showing a good agreement with the density-
functional calculations. LDOS images of stripe structures
found in our work are almost similar to those of Ref. [14].
The complex evolution of stripes obtained in our experiment
might be interpreted as the patterns formed by the LDOS
difference between up and down spin directions. We cannot
also exclude the possibility that in our setup tips accidentally
picked up an excess Fe atom leading to the same situation
as in the case when the probe was magnetic. Therefore,
the corresponding results including the details of the energy
dependent dI/dV maps might give more information about
spin-dependent properties. On the other hand, the discrepancy
with the other previously reported unidirectional 1×a0 stripes
on Fe1.07Te [12] might be the consequence of different tip
configurations, i.e., with or without magnetic clusters on the
tips. The observed stripe structures and their behavior are most
probably related to magnetic impurities such as the excess Fe
and/or the structural transition between the monoclinic and
tetragonal lattice.

IV. SUMMARY

We presented the evidence of nanoscale stripe structures
in a parent compound of 11-superconductors Fe1.033Te by
using low-temperature STM-STS. STM topographies and the
dI/dV maps show clear stripe structures with bias-dependent
multiple periods, 2×a0 and a0, where a0 is the lattice constant
∼0.38 nm. The form of these stripe structures in dI/dV maps
can be influenced by bias voltages. 2×a0 modulations are
similar to the bicollinear spin order of the parent compound
FeTe. From the bias dependence and excess Fe positions,
we suggest that the variable stripe structures are related to
the magnetic order existing below the phase transition at
Ts . The structures are strongly influenced by the underlying
excess Fe.
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