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Robust perpendicular magnetization of Co nanomagnets against alloy composition
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Co1−xFex bilayer nanomagnets formed on a Cu(111) substrate with the alloy composition of x = 0, 0.2, 0.5,
0.8, and 1 were investigated using scanning tunneling microscopy (STM). The islands with x = 0, 0.2, and 0.5
were further studied using spin-polarized STM. With x = 0.2, the nanoislands exhibit triangular shapes similar
to the pure Co islands with an upward shift in the peak energy of the minority d state. On the other hand, at
x = 0.5, the appearance of the nanoislands evolve to a round shape, and the peak energy is distributed irregularly
within the islands. A hexagonal shape and inhomogeneous electronic states similar to pure Fe islands are
observed on the x = 0.8 islands. The magnetic field dependence of the spin-sensitive signal revealed that the
perpendicular anisotropy of the Co1−xFex alloy islands is persistent up to half of the Fe alloy composition.
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I. INTRODUCTION

Fe, Co, and Ni are the most commonly used elements
for magnetic thin-film engineering in the research field
of spintronics [1–16]. These magnetic 3d transition metals
prefer the different primary crystalline structure of body-
centered cubic (bcc), hexagonal close-packed (hcp), and
face-centered cubic (fcc) structures, respectively. Therefore,
when epitaxially grown on a heterogeneous substrate, the
magnetic properties such as magnetic anisotropy may change
by the lattice distortion and the subsequent strain relaxation
through the modifications in magnetocrystalline, magnetoe-
lastic, and magnetic shape anisotropies [5–10]. Varying the
film thickness may also lead to structural transformations
[1,2] and spin-reorientation transition [3,4] through the com-
petition among the various magnetic anisotropies. The energy
of magnetic shape anisotropy is directly related with the
magnitude of the magnetic moment [17]. According to the
Slater-Pauling curve [18], the averaged magnetic moments of
the 3d transition metal alloys are determined by the number of
the valence electrons per atom. The preferred magnetization
direction with respects to the crystal lattice, on the other
hand, is determined by the magnetocrystalline anisotropy. In
the case of 3d magnets, the magnetocrystalline anisotropy is
derived from the second-order perturbation of the spin-orbit
interaction [17]. Accordingly, the preferred magnetization
orientations are closely related to its electronic states near
the Fermi level, i.e., valence d-orbital occupation. In the al-
loyed systems, the electron occupation of each element is
affected significantly by the presence of the hetero compo-
nents [19,20]. Thereby, tailoring alloy composition of thin
films enables us to control the magnetic properties, as demon-
strated with binary-alloy thin films of the 3d transition metals
[20–22]. In the case of Co1−xFex alloy thin films formed on
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Cu(100), increasing the Fe composition results in the reduc-
tion of the number of 3d electrons, i.e., hole doping, which is
expected from fewer number of d electrons in Fe than Co. A
subtle change in the averaged band filling occasionally leads
to drastic changes in the energy of magnetic anisotropy, as
reported in previous literatures [19–22].

In the submonolayer regime, nanosized magnetic is-
lands emerge. In contrast to the continuous thin films of
mm-μm lateral size, nanosized two-dimensional islands are
more applicable in the future nanoscale spintronic devices.
The reduction in lateral size (∼10 nm) and vertical thickness
[1–2 monolayer (ML)] gives rise to exotic quantum confine-
ment effects such as surface state interferences [23]. Magnetic
nanoislands have been widely studied using spin-polarized
scanning tunneling microscopy (SP-STM) and spectroscopy
[24–43]. One of the most studied samples is submonolayer
Co/Cu(111) [25–30], which exhibits triangular islands with a
height of two atomic layers on the Cu substrate. Depending
on the stacking configuration at the interface, two distinct
orientations of the islands were found. Perpendicular mag-
netic anisotropy of the Co islands has been identified using
SP-STM [28–30]. In the case of Fe bilayer islands on Cu(111),
the first layer of Fe follows the same crystalline structure
of the Cu(111) substrate (pseudomorphic). The second layer
is mostly pseudomorphic except for the corners of the is-
lands, in which the atomic arrangement is relaxed to form bcc
stacking [35]. More researches on the properties of magnetic
nanoislands have been reported, e.g., Fe/Cu(111) [31–35],
Fe/Au(111) [36–39], Co/Ag(111) [40], and Co/Au(111)
[41–43]. However, microscopic magnetic properties of alloy
magnetic nanoisland remains unexplored.

In this paper, we report on our investigation of the mor-
phological, electronic, and magnetic properties of Co1−xFex

alloy nanomagnets (x = 0, 0.2, 0.5, 0.8, and 1) using spin-
averaged and spin-polarized STM (magnetic properties are
investigated for the islands with x = 0, 0.2, and 0.5).
Two-ML-high Co1−xFex nanosized island with the alloy
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FIG. 1. Typical STM images and the corresponding dI/dV images of (a) Co, (b) Co0.8Fe0.2, (c) Co0.5Fe0.5, (d) Co0.2Fe0.8, and (e) Fe islands
on Cu(111). The scale bars drawn in the STM images correspond to 20 nm. Measurement conditions: sample bias voltage (Vs): [(a)–(c) and
(e)] −300 mV and (d) −350 mV, tunneling current (It ) = 1 nA, and modulation voltage (V PP

mod) = 50 mV.

concentration of x = 0, 0.2, 0.5, 0.8, and 1 were successfully
grown on Cu(111) surface using molecular beam epitaxy.
The STM images revealed similar triangular islands for x = 0
and 0.2, while for x = 0.5 distinct round-shaped islands ap-
pear. The Fe-rich islands with x = 0.8, and 1 show similar
hexagon shapes and electronic states. Tunneling spectra taken
on Co0.8Fe0.2 islands show an upward shift in the peak energy
of the minority d state as compared to pure Co islands. In
the case of Co0.5Fe0.5, the peak energy is widely spread in
the range of −0.2 to −0.4 eV within a single island. In the
spin-polarized tunneling conductance maps, we observed spin
contrasts on the islands with x = 0, 0.2, and 0.5. From the
variation of the spin-sensitive signal with an external magnetic
field, we found that the islands with x = 0, 0.2, and 0.5 exhibit
the perpendicular magnetization.

II. METHODS

The measurements were conducted with a low-temperature
(6 K) ultra-high vacuum (UHV) STM (Unisoku USM-1300S
paired with an RHK R9 controller). The magnetic field (Bz)
perpendicular to the sample surface up to 2 T was achieved
using a superconducting magnet. The Cu(111) single crystal
was cleaned by repetitive cycles of Ar+ sputtering and an-
nealing (∼1000 K in a base pressure of 5 × 10−8 Pa). The
Co1−xFex/Cu(111) samples were prepared by co-deposition
of Co and Fe on the clean Cu(111) surface, which was kept
at room temperature during the deposition. There was no
sign of hydrogen adsorption after 6.5 hours on the sam-
ple, which is situated in a liquid-He cooled UHV chamber
(see Supplemental Material [44]). The x values were deter-
mined by regulating the deposition rate of Co and Fe, which
were calibrated by measuring the coverage of pure Co (Fe)
islands on the Cu(111) surface from STM images (RCo =
3.63 ± 0.03 ML/min, RFe = 3.64 ± 0.02 ML/min). The
sources used for the deposition are Co and Fe rods from Alfa
Aesar with the purity of 99.995%. The alloy compositions of
x = 0.2, 0.5, and 0.8 are estimated as 0.20 ± 0.03, 0.50 ±
0.03, and 0.80 ± 0.02. For spin-averaged measurements,
chemically etched W tips were used. The spin-polarized tips
were prepared by high temperature (∼2000 K) flashing of the

electrochemically etched W tips followed by Fe deposition.
At zero magnetic field, the Fe-coated W tips prefer in-plane
magnetization. The magnetized direction can, however, be
rotated to the out-of-plane direction by the external magnetic
fields [45]. A standard lock-in setup was used to record the
differential tunneling conductance (dI/dV ) spectra and maps
with peak-to-peak bias voltage modulations (V PP

mod) of 10,
20, or 50 mV at 971 Hz. All images were processed using
Nanotech WSxM [46].

III. RESULTS AND DISCUSSION

A. Morphology of Co1−xFex islands

STM images of Co1−xFex with x = 0, 0.2, 0.5, 0.8 and 1
are presented in the upper panel of Figs. 1(a)–1(e), respec-
tively. Most of the Co1−xFex islands exhibit an identical height
of around 0.4 nm, which indicates bilayer thickness of the
islands. The morphology of the islands with x = 0 and 0.2
reveals triangular appearances, while the islands with x = 0.5
exhibit relatively irregular appearances. Hexagonal islands are
found for x = 0.8 and 1. The corresponding differential tun-
neling conductance (dI/dV ) maps of Co1−xFex are displayed
in the lower panel of Figs. 1(a)–1(e). The dI/dV signals
taken on pure Co islands [Fig. 1(a)] at the sample voltage of
−300 mV, which corresponds to the vicinity of the Co d3z2−r2

state, [25] show homogeneous intensity within an individual
island. At the same voltage, the dI/dV intensity varies within
both Co0.8Fe0.2 and Co0.5Fe0.5 islands [Figs. 1(b) and 1(c)].
The nonuniform intensity distribution inside an individual
island is due to the incorporation of Fe atoms, which could
lead to local strain modification and/or redistribution of the
charge density of the island. In the dI/dV map of Fig. 1(d),
the Co0.2Fe0.8 islands appear more defective than the pure
Fe islands [Fig. 1(e)], which indicates the influence of Co
atoms in Fe-rich islands.

B. Electronic properties of Co1−xFex islands

The tunneling spectra and STM images of Co-rich (Co
and Co0.8Fe0.2) and Fe-rich (Fe and Co0.2Fe0.8) islands with
similar sizes are displayed in Fig. 2. The locations at which
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FIG. 2. Comparison of dI/dV spectra taken on Co, Co0.8Fe0.2,
Co0.2Fe0.8 and Fe islands. Inset STM images correspond to each
island. The crosses mark the locations where the spectra were taken.
The bcc areas are marked by dotted enclosures. STM images for
unfaulted Co0.8Fe0.2: Vs = −600 mV, It = 1 nA; others: Vs =
−350 mV, It = 1 nA. scale bar: 10 nm. Differential conductance
spectra for Co0.8Fe0.2: Vs = −600 mV, It = 1 nA, V PP

mod = 20 mV;
others: Vs = −350 mV, It = 1 nA, V PP

mod = 20 mV.

the spectra were taken are marked by the crosses in the in-
set STM images. In the STM images of Co and Co0.8Fe0.2

islands [Figs. 1(a) and 1(b)], two types of triangular islands;
one pointing upwards and the other pointing downwards, are
found. The two correspond to either an island that has a stack-
ing with the same crystallographic orientation as Cu(111)
(unfaulted islands) or one whose <112̄ > direction is rotated
by 180◦ (faulted islands) [47,48]. One way to distinguish the
faulted and unfaulted islands is to compare the peak energy
of the electronic states. For the islands with similar sizes,
the faulted islands exhibit higher peak energy than the un-
faulted islands. In Fig. 2, the dashed gray curve taken on
the upward-pointing island (bottom-right inset STM image)
shows a peak at −0.29 V, whereas the one (black curve) taken
on the downward-pointing island (bottom-left inset STM im-
age) shows a peak at −0.33 V. The upward-pointing islands
are, therefore, assigned to faulted islands and the downward-
pointing islands to unfaulted islands. We found that both
unfaulted (dark red curve) and faulted (red curve) Co0.8Fe0.2

islands show higher peak energies than those of pure Co
islands, suggesting hole doping by the Fe atom incorporation.

Within a single Fe island, domains with different tunneling
spectra are found and attributed to the areas whose stacking
is fcc (green curve) and bcc (light-green curve) [35]. The
bcc-stacked area is often observed at the corner of the tri-
angular islands. The stack-related domain structure was also
observed in the Co0.2Fe0.8 islands. The spectra taken on center
and corner sites of Co0.2Fe0.8 islands show similar features

FIG. 3. (a) STM image and the corresponding dI/dV image
(b) of a Co0.2Fe0.8 island. The scale bars drawn in the STM image
correspond to 4 nm. The white line indicates a route for taking the
dI/dV spectra. (c) Color-coded dI/dV spectra arranged in the spa-
tial sequence along the line in (a). Scanning parameters for [(a) and
(b)]: Vs = −350 mV and It = 1 nA, and V PP

mod = 50 mV. The spectra
was taken with the stabilization condition of Vs = 1 V and It = 1 nA,
and V PP

mod = 20 mV.

and identical peak energies to those of Fe islands, leading us
to safely assign the fcc and bcc-stacking areas, respectively.
The bcc areas are marked by dotted enclosures in the inset
images of Fig. 2.

To further evidence the domain structure of fcc and bcc in
the Co0.2Fe0.8 islands, we zoomed into a Co0.2Fe0.8 island and
measured dI/dV spectra continuously along a line (Fig. 3).
Figure 3(a) displays an STM image of a Co0.2Fe0.8 island with
a white line marking the positions where the tunneling spectra
were taken. The corresponding dI/dV map with the sample
bias voltage of −0.3 V is shown in Fig. 3(b). We found a
domain of low dI/dV intensity at the upper right corner of
the island, which exhibits elevated apparent height in the STM
image [Fig. 3(a)]. The slightly high contrast in STM images is
one of the characteristic features of the bcc-stacking area on a
pure Fe island. The key difference between fcc and bcc areas
is the peak energies, −0.22 V for fcc and −0.4 for bcc. In the
color-coded dI/dV spectra [Fig. 3(c)], we observed the two
distinct peak energies and, therefore, assigned the correspond-
ing areas to the fcc and the bcc-stacking area, respectively.

Due to the strain relaxation in Co nanoislands, their
3d electronic states shift depending on their size [48]. In order
to reveal the contribution of Fe atoms to the peak energy of the
electronic states and thier shift, we measured size-dependent
dI/dV spectra on Co and Co0.8Fe0.2 islands (Fig. 4).
Figures 4(a)–4(d) present the dI/dV spectra of unfaulted
Co, faulted Co, unfaulted Co0.8Fe0.2, and faulted Co0.8Fe0.2

islands, respectively. The corresponding sizes are written
above the spectra. The island sizes are extracted from STM
topographic images. We found that in all cases the peak bias
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FIG. 4. Size-dependent dI/dV spectra of (a) unfaulted Co is-
lands, (b) faulted Co islands, (c) unfaulted Co0.8Fe0.2 islands, and
(d) faulted Co0.8Fe0.2 islands. (e) Summary of the peak energies that
extracted from [(a)–(d)] with respect to the island sizes. The spectra
was taken with the stabilization condition of Vs = −600 mV and It

= 1 nA, and V PP
mod = 10 mV.

voltages (energies) exhibit upward shift with the island size.
The peak energy as a function of the island size is plotted
in Fig. 4(e). The unfaulted (faulted) Co0.8Fe0.2 islands show
higher peak energy than unfaulted (faulted) Co islands re-
gardless of their size. Accordingly, for both unfaulted and
faulted Co0.8Fe0.2 islands, Fe atoms serve as a hole dopant
to the electronic states. The peak variations of the electronic
states with the island size originates from the strain induced
by the lattice mismatch [48]. The lattice mismatch between
the Co islands and the Cu(111) surface varies from 0.1% to
2% with decreasing the island size [48]. The crystallographic
mismatch is most pronounced at the edge of the islands be-
cause of the reduced coordination there. In fact, for small
islands, their properties are dominated by the edges, which
emphasize the lattice mismatch with the substrate. In the case
of Fe/Cu(111), the macroscopic lattice mismatch is 0.8% for
fcc Fe(111) as reported in Ref. [49], which is comparably
small. Accordingly, when mixing Co with Fe, the lattice mis-
match of the alloy nanomagnets is presumably modified from
the pure ones.

In order to obtain more information about the spatial
distribution of the dI/dV intensity, we measured dI/dV spec-
tra across islands of Co0.8Fe0.2 and Co0.5Fe0.5. Figure 5(a)
presents an STM image of a Co0.8Fe0.2 island. The locations

FIG. 5. (a) STM image of an unfaulted Co0.8Fe0.2 island. (b) Dif-
ferential conductance (dI/dV ) spectra taken at the positions marked
as 1–8 in (a). Spectra are offset for clarity. (c) The corresponding
peak energy extracted from (b). The background is color-coded
dI/dV spectra arranged in the spatial sequence along the line in (a).
(d) STM image of a Co0.5Fe0.5 island. (e) Differential conductance
spectra taken at the positions marked as A–D in (d). (f) Peak energy
extracted from each spectrum taken along the profile in (d) including
spectra A–D. Color-coded dI/dV spectra taken along the line in
(d) are underlaid. STM images [(a) and (d)]: Vs = −600 mV, It = 1
nA, scale bars: 5 nm. Differential conductance spectra [(b) and (e)]:
Vs = −600 mV, It = 1 nA, V PP

mod = 20 mV.

where the tunneling spectra are taken are marked by colored
circles numbered from 1 to 8. The dI/dV spectra at the
locations of 1 to 8 are displayed in Fig. 5(b). Each spec-
trum reveals a pronounced peak at around −0.3 V. The peak
energies are extracted and summarized in Fig. 5(c) overlaid
with a color-coded dI/dV spectra taken along the dotted line
in Fig. 5(a). A continuous change in the peak energy with
respect to the location is found. The peak energy shifts toward
lower energy near the edges of the island, i.e., in the spectra
numbered 1 and 8. A similar phenomenon has been reported
for pure Co islands and attributed to the reduced strain near the
edge. [48] At the center (locations 4 and 5) of the island, the
state is found with a peak at −0.27 V. Comparing to the peak
energy (−0.33 V) of the pure Co islands with a similar size,
the Fermi level of Co0.8Fe0.2 islands shifted down by around
60 mV. Such downward shift of the Fermi level indicates hole
doping into the islands.
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FIG. 6. Summary of the surface state peak postion with respect
to different Co1−xFex compositions.

Figure 5(d) shows a typical STM image of a Co0.5Fe0.5

island. Tunneling conductance spectra taken at designated
locations (marked as A–D) along the dotted line are presented
in Fig. 5(e). The peak energy is found to be strongly de-
pendent on the measured locations. Figure 5(f) summarizes
the peak energies along the line, which spans 11.5 nm. The
peak energies are distributed in the range of −0.2 to −0.4 V.
Such distribution is also visualized in the color-coded dI/dV
spectra taken along the line [background of Fig. 5(f)]. The
spatial variation of the peak energy [Fig. 5(f)] is significantly
larger than the case in pure Co [48] and Co0.8Fe0.2 [Fig. 5(c)].
The peak variation has two possible origins: hole doping ef-
fects and strain relaxations. The doping by the introduction
of Fe atoms is expected to be independent of the location
since electrons will redistribute within the metallic island.
The strain relaxation, on the other hand, gives rise to the
peak energy difference, as shown in the spectra taken at the
center and the edge of the island. In addition, the spatial
peak energy variations could be due to structural variations,
e.g., local fcc and bcc distribution within the island, which
could be induced during the process of the strain relaxation.
Increasing the amount of Fe to 50% makes the island appear-
ances [Fig. 1(c)] different from the pure Co island [Fig. 1(a)].
Therefore, the observed spatial-dependent peak energies in
Co0.5Fe0.5 islands are presumably due to the inhomogeneous
strain distribution and/or the local structural variations by the
introduction of Fe.

The peak energies on the islands are summarized in Fig. 6.
The blue circles represent the peak energies extracted from
Figs. 4(a)–4(d) of pure Co and Co0.8Fe0.2 islands (open circle:
faulted islands; solid circle: unfaulted islands). For Co0.5Fe0.5,
the peak energies are extracted from Fig. 5(f) and presented as
black circles. The peak energies of Fe and Co0.2Fe0.8 islands
are extracted from Fig. 2 and marked with red circles (open
circle: bcc; solid circle: fcc). In the Co-rich regime, peak shift
due to the doping effect was observed. In the case when the ra-
tio between Co and Fe is 1:1, the peak energies are distributed
in the range from −0.2 to −0.4 V depending on the location.
In the Fe-rich regime, no pronounced peak energy differences
are observed. The possible reason for no-shift in the Fe-rich

regime could be a certain degree of intermixing between Co
and Cu during the growth [28,50,51], which diminishes the
doping effect by Co.

C. Magnetic properties of Co1−xFex islands

Spin-polarized imaging is achieved using Fe-coated
W-tips, which have easy-plane anisotropy [52,53]. The out-of-
plane magnetization component of the tip can be regulated by
the application of out-of-plane magnetic field (Bz). Figure 7(a)
schematically illustrates the magnetization direction of the
tip with respect to the sample surface. With the presence of
Bz, the magnetization of the tip is canted toward the out-of-
plane directions, which reveals the out-of-plane spin contrast
of the Co1−xFex islands (x = 0, 0.2, 0.5). The z-component
of the tip magnetization (M tip

z ) behaves in a paramagnetic
manner with Bz.

Figure 7(b) shows the dI/dV maps of pure Co islands
on Cu(111). The bias voltage was set at −300 mV to probe
the spin-polarized electronic states. At Bz = 0.2 T, a contrast
was observed between the Co islands, which corresponds
to the difference in the spin-polarized tunneling conduc-
tance between the up and down magnetized Co islands. At
zero field, all islands show the same dI/dV intensity, which
implies orthogonal configuration between the tip and sam-
ple magnetizations. When measuring at the opposite fields
(Bz = −0.2 T), some islands show reversed contrast while the
others remain identical compared with the map at 0.2 T. Since
the z component of the tip magnetization (M tip

z ) changes its
direction, the observed contrast reversal indicates persistent
perpendicular magnetization of the islands in the range of
the applied magnetic fields. The islands with the identical
intensity indicate that their magnetizations switch during the
magnetic-field flip from 0.2 to −0.2 T. Since the anisotropic
energy is proportional to the island size, smaller islands tend
to flip at lower magnetic fields than larger ones [29,30], con-
sistent with the trend observed in our spin-polarized maps.

Figure 7(c) displays the spin-polarized dI/dV maps of
Co0.8Fe0.2 islands (Vs = −500 mV) measured under different
magnetic fields of 0.08, 0, and −0.08 T from the top to the
bottom panel. Pronounced spin contrast inversion is observed
on large islands, which indicates the persistent existence of
the perpendicular magnetization. In the case of Co0.5Fe0.5

[Fig. 7(c)], we found most of the islands exhibit spin contrast
inversion when switching from 0.2 to −0.2 T, even for smaller
islands. The observed spin contrast inversion confirms the
persistent perpendicular magnetization of Co0.5Fe0.5 islands
with larger anisotropy than pure Co islands.

The alloyed islands favor perpendicular magnetization at
x = 0.2 and 0.5. In the case of Fe-rich islands (x = 0.8,
1), Co0.2Fe0.8 islands exhibit similar topographic appearance
and spectra to the pure Fe islands. The magnetic proper-
ties of Fe islands have been reported that the fcc phase of
Fe on Cu(111) shows layer-wise antiferromagnetic config-
uration [35], while the bcc Fe prefers ferromagnetic with
perpendicular anisotropy [54]. Obviously the anisotropy of
the Co1−xFex islands is expected to vary depending on the
ratio. To investigate the variation in the anisotropy requires
hysteresis measurements. Our work presented here would be
a starting point for these future experiments.

035422-5



YANG, HSU, LIN, AND HASEGAWA PHYSICAL REVIEW B 104, 035422 (2021)

FIG. 7. (a) Schematics of the magnetization of the Fe-coated W tip under external fields. Fe-coated W tips exhibit in-plane easy axis
and paramagnetic-like hysteresis along out-of-plane direction. (b) Spin-polarized tunneling conductance maps of pure Co islands on Cu(111)
at 0.2 T (top), 0 T (middle), and −0.2 T (bottom). (c) Spin-polarized tunneling conductance maps of Co0.8Fe0.2 islands on Cu(111) at 0.08
T (top), 0 T (middle), and −0.08 T (bottom). (d) Spin-polarized tunneling conductance maps of Co0.5Fe0.5 islands on Cu(111) at 0.2 T (top),
0 T (middle), and −0.2 T (bottom). Imaging conditions (b) Vs = −300 mV, It = 1 nA, V PP

mod = 50 mV. [(c) and (d)] Vs = −500 mV, It = 1 nA,
V PP

mod = 50 mV.

IV. CONCLUSION

By codeposition of Co and Fe, nanomagnets of Co1−xFex

on Cu(111) with the alloy composition of x = 0, 0.2, 0.5,
0.8, and 1 were prepared. Using spin-averaged STM, we
found similar appearances between islands with x = 0 and
0.2. Tunneling conductance spectra taken on islands with
x = 0.2 show an upward-shifted peak as compared to those
of x = 0, indicating hole doping due to the Fe incorporation.
On the other hand, for x = 0.5, round-shaped nanomagnets
are formed instead of triangular ones as it is the case for
x = 0 and 0.2. In addition, the peak energy irregularly dis-
tributes in the range between −0.2 to −0.4 V within a single
nanomagnet. The spatially dependent peak energies suggest
a local strain distribution and/or structural variations. For is-
lands with x = 0.8 and 1, the islands exhibit similar hexagonal

shape and electronic states with the same peak energies. The
perpendicular magnetization of the Co1−xFex nanomagnets
with x = 0, 0.2, and 0.5 is identified using spin-polarized
STM. We found that the perpendicular magnetization of the
Co1−xFex nanomagnets is robust against alloying with Fe at
least up to 50%.
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