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We report on a surface phase of the Co-vicinal-Cu�111� system which exhibits self-assembled uniform Co
quantum wires that are stable at 300 K. Scanning tunneling microscopy �STM�-imaging measurements show
that wires will self-assemble within a narrow range of Co coverage and, within this range, the wires increase
in length as coverage is increased. The STM images show that the wires form along the leading edge of the
step rise, differentiating it from previously theoretically predicted atomic-wire phases. The formation of rela-
tively long laterally unencapsulated one- and two-atom wires also differentiates it from past experimentally
observed step-island formation. Furthermore, our experiments also show directly that the Co wires coexist with
another Co phase that had been previously predicted for growth on Cu�111�. Our observations allow us to
comment on the formation kinetics of the atomic-wire phase and on the fit of our data to a recently developed
lattice-gas model.
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I. INTRODUCTION

One-dimensional nanoscale systems, including atomic
chains or wires, have been predicted to display a wide range
of unusual physical properties.1 The compelling physics of
low-dimensional phenomena has led to the exploration of
atomic-wire preparation techniques. One approach has been
the use of stepped surfaces to form regular arrays via
self-assembly.2 These large-area step arrays are suitable for
photoemission studies of the electronic structure;3,4 further-
more, this approach allows the degree of coupling between
wires to be changed controllably through choice of vicinal
cut. However, in step-edge growth, more complex processes
may occur, including growth of islands or interdiffusion into
the underlying substrate. These processes lead to important
unresolved questions regarding step-mediated self-assembly
of bimetallic-wire arrays, including an understanding of the
basic physical parameters, which can, in turn, guide the
choice of a particular materials system and lead to growth
methods that ameliorate chemical mixing.

Due to the interest in spin valves, the bimetallic system
Co/Cu�111� has been studied extensively.5–9 Several experi-
ments employed nonvicinal, i.e., with terrace widths
�100 Å, Cu�111� surfaces for spin-polarized investigations
of Co nanostructures, most notably of 2 monolayer �ML�
high triangular islands.9 However, the exact atomic makeup
of these nanostructures remains in question. For example, it
has been argued that the islands form on a buried layer of Co
and that Cu migrates to the outer perimeter of the islands.7 In
one instance, room-temperature �RT� scanning tunneling mi-
croscopy �STM� has been used to examine the self-assembly
of Co island chains, �50 Å in width, along the edges of
isolated Cu steps.6 These chains appeared as 4 Å-high pro-
trusions at the step edge and thus were neither single atom in
width or height. Finally, Monte Carlo simulations10 and
density-functional theory �DFT� calculations11 have been
used to investigate the self-assembly mechanism of Co wires
at a Cu�111� step. Though there are differences in the details
of their predictions of an atomic-wire surface phase, both

suggested that laterally encapsulated Co wires are formed
during self-assembly.

In general, these earlier large-terrace studies show clearly
that Co accumulates at the Cu�111� step edges during
growth. However several compelling and important ques-
tions remain about surface self-assembly on narrow-terrace-
width vicinal Cu�111�: first, can uniform Co wires of atomic
width form at straight step edges; second, will such Co wires
be laterally encapsulated by Cu at the step edge, as predicted
theoretically; and finally, do other more complex Co atomic
structures exist at RT if the terraces approach atomic
dimensions.

In this paper, we answer these questions by using in situ
STM as a probe of Co self-assembly on a Cu�775� step tem-
plate. This substrate represents an 8.5° miscut of a Cu�111�
surface, resulting in a terrace width of only 14.3 Å or ap-
proximately seven atomic rows, separated by B-type steps.

The crystallographic direction along the step edge is �11̄0�
while that perpendicular to the step edge is �112̄�. Our study
concentrates on low-coverage regimes in order to observe
and clearly identify the initial Co step-edge nucleation struc-
ture. As will be shown, our experimental findings clearly
show a phase at which low-coverage growth leads to self-
assembly of long straight atomic wires.

II. Co NUCLEATION ON Cu(111) STEPS: PRIOR
EXPERIMENTAL WORK

As mentioned in Sec. I, there have been several experi-
mental studies of Co deposited on Cu�111�. One of the ear-
liest studies, by Figuera et al.,12 looked at RT deposition of
Co. In addition to bilayer triangular islands on terraces as
well as 1 ML terrace vacancies, they observed island nucle-
ation at both the top and bottom of the step edge. This group
pointed out subsequently13 that the islands are comprised of
a mixed phase of Co and Cu. Note that this morphology was
observed at coverages as low as 0.1 ML.13 Finally note that a
recent Co/Cu�111� study by Chang et al.8 reported 2-nm-
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wide islands on the upper step edge at a coverage of 0.09
ML.

Based on the above-mentioned step nucleation morphol-
ogy that is present for RT deposition, Figuera et al.5 subse-
quently reported growth of chains of Co islands on Cu�111�
step bunches. For a coverage of 0.2 ML and an average step
width of 10 nm, the average island width was 5 nm. Note
that vacancy islands had also formed as a result of the
step-island nucleation.

In addition to Co growth at RT, other groups have exam-
ined low-temperature deposition on Cu�111�. For example,
Pedersen et al.7 observed “ramified islands,” i.e., bilayer is-
lands connected by monolayer islands, for Co deposited at
150 K and imaged at 170 K �i.e., not annealed to RT�. The
bilayer islands were found both at the bottom and top of the
step edges, as well as on the terraces. This group also sug-
gested that the bilayer islands sat, in fact, on an embedded
layer of Co and that the islands were terminated on their
perimeter by Cu atoms. Furthermore, this work showed that,
if annealed to RT, interdiffusion of this Cu brim occurred. In
a second low-temperature-deposition experiment, Speller
et al.14 deposited Co at 140 K and then slowly elevated the
sample to RT for imaging. At a coverage of �0.12 ML and a
step density of 1/200 to 1 /1000 Å, they observed step-island
growth only at the top of the steps; however, step-island
nucleation at the bottom of the steps commenced at about 0.4
ML for their conditions. In their experiment, the islands were
found to be a mixed surface phase of Co and Cu with an
average width of 5 nm. The intermixed nature of the islands
was supported by the concomitant formation of vacancy
islands.

In summary, despite extensive prior work in the Co/Cu
materials systems, no atomic wires of Co on Cu�111� sur-
faces were observed experimentally, although the existence
of Co wires at Cu step edges was predicted theoretically.10,11

Note, however, that there are several reports of the direct
observation of atomic wires in different bimetallic systems,
e.g., Fe/Cu�111�.15

III. EXPERIMENT

Cu�775� was prepared using repeated sputter/anneal
cycles in an UHV chamber with a base pressure less than
1�10−10 Torr. Auger measurements showed no detectable
contamination and surface electron diffraction showed the
split spots characteristic of a stepped surface. Co was depos-
ited from a heated ceramic crucible with the Cu sample
cooled to �165 K. The cooling was a precaution against
interdiffusion during sample preparation. Co coverage was
measured using STM scans and assumptions of Co locations,
which gave an estimated error of �0.02 ML. Using the
aforementioned coverage estimation, the calculated average
deposition rate for this work was 0.01 ML/min. After depo-
sition, the sample was brought to RT for the STM studies.
All the scans were performed using a tungsten tip, the
sample biased at +0.5 V with respect to the tip and a feed-
back tunneling current of 150 pA.

IV. RESULTS AND DISCUSSION

An STM image of the clean Cu�775� surface is shown in
Fig. 1. At room temperature, this surface exhibits unstable

step edges or “frizz”16 as shown in the atomic-resolution
image �Fig. 1�b��. This step instability has been attributed to
kink motion at the step-edge or to step-tip interaction.17 The
steps in Fig. 1 have an average height of 2.1 Å and the step
edges appear rounded in both plan view and in profile due to
tip-step convolution. As will be shown below, the lack of
frizz denotes the presence of Co, which pins step-edge
motion.

Figure 2�a� displays a derivative image taken at a Co cov-
erage of �0.09 ML. Compared with the frizz at a clean Cu
step, visible on the left, the figure shows that one-atom-wide
wires have formed, distinguishable by their straight edges
and uniform widths. The sharp- or straight-edge appearance
of the step-edge-assembled wires is attributed to the pinning
of substrate step atoms by Co atoms. The measured “cross
section” over two steps indicated in the figure and shown in
the inset suggests that the wires are approximately 3.0 Å
wide, which is comparable to the Cu row-row spacing of
2.2 Å. Again, due to tip-step convolution, the step profile
appears rounded resulting in a larger apparent wire width.
Tunneling into the Co wires at a bias of +0.5 eV above the
Fermi level at constant current requires the tip to remain
closer to the surface than for tunneling into the Cu substrate.
Chemical contrast by STM is a well-known phenomena; see,
for example, the related case of Co/Pt�111�,18,19 which re-
ports similar results to ours for both Co in the Pt terrace and
at the step edge. However, though there have been several
previous STM studies of the Co/Cu�111� system, this par-
ticular example of chemical contrast on this specific system,
which allows the differentiation of Co step-edge wires from
the Cu atoms on a Cu�111� terrace, has apparently not been
commented on before. We note that a similar, though smaller
effect, was observed for 2–3 ML high Co islands surrounded
by rims of several Cu atoms.7 For one-atom wires this effect
produces a small but clearly observable inflection in the step
edge located approximately 1/2 to 3/4 up the step height of
Cu. Note that this uniform inflection along the step edge is
not seen at Cu steps where the step edge exhibits frizz;
hence, this inflection is not likely due to a double tip.

As shown in Fig. 2�b�, two-atom-wide wires were ob-
served at a slightly higher Co coverage of about 0.12 ML.
These �5.4 Å-wide wires possess an average height of
1.5 Å, less than that of a pure Cu step height, as seen for
frizzy steps. This result further supports the discussion re-

FIG. 1. �Color online� STM images of Cu�775� at RT, taken at
Vsample=0.5 V and I=150 pA; the images are dz /dx �i.e., deriva-
tive�. �a� 100�87 nm2 scan showing relative uniformity of step
spacing. �b� Atomic-resolution scan of steps showing frizz. Inset,
topographical closeup of step terrace clearly revealing the �111�
surface.
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garding the inflection measured in the profile of the one-
atom-wide wires. We note that the local density of states
�LDOS� may be affected by quantum-size effects due to the
atomic scale of the wires, as seen, for example, in the case of
atomically fabricated chains of Cu on Cu�111�.20

The growth physics of these Co wires can also be exam-
ined via wire-length distributions measured from the STM
images. Thus, in Fig. 3, one-atom-wire histograms are given
for the two different coverages mentioned above, namely,
0.09 and 0.12 ML. The histograms clearly reveal an increase
in the length of the wires as coverage is increased. Specifi-
cally, the average wire length at 0.09 ML is found to be �27
atoms with a standard deviation of 22 atoms and a maximum
observed length of 105 atoms; at the higher coverage of 0.12
ML, the average length had increased to �40 atoms with a
corresponding increased standard deviation of 37 atoms and
a maximum observed length of 141 atoms. Note that the
measurements are for one-atom wires only and do not in-
clude the wire-length distribution for two-atom-wide wires
nor the terrace-site exchange �see below�, which are also
observed at the higher 0.12 ML coverage; hence, the one-
atom-wide wires increase in length despite the fact that these
other atomic morphologies are starting to form. This obser-
vation of increasing wire length with coverage provides in-
sight into the wire self-assembly mechanism, as will be
discussed below.

In addition to Co wires at the step edges, depressions are
seen in step terraces, such as those in the regions marked by
circles in Fig. 2�d�. Several observations are consistent with

these depressions reflecting Co atoms locally embedded in
the terrace. First, the maximum apparent depth of these de-

FIG. 2. �Color online� STM derivative images of Cu�775� at RT after deposition of Co. Blue-colored �darker colored� circles denote Co
atoms and gold-colored �lighter colored� circles denote Cu atoms. The black arrows in the topographical profiles correspond to positions
indicated by white arrows in the images. �a� Scan showing one-atom-wide Co wires; frizz is seen on a clean step edge at the left of the image.
The inset is a topographical profile along the direction of the corresponding white line in the image. Coverage is 0.09 ML. �b� Scan showing
two-atom-wide Co wires, as well as one-atom-wide wires and clean steps. A plateau, denoted by arrows, is seen for the two-atom-wide wire
scan; in this image, the plateau is not seen for one-atom-wide wires presumably due to finite tip radius and the narrowness of the wires;
however, the lack of frizz is a strong indication of Co at the step edge. Coverage is 0.12 ML. �c� Profile for white line in �b�. The gray dashed
line serves merely as a step guide for the eyes and does not denote the exact position of the steps. �d� Scan showing terrace-embedded Co.
Coverage is 0.12 ML. �e� Embedded Co appears as depressions, as indicated by the arrow, in the step terrace.
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FIG. 3. Distribution of one-atom-wide Co wire lengths. The
smooth gray curves denote a fit based on a one-dimensional lattice-
gas model; see discussion in text. At a coverage of 0.09 ML
�circles�, the average wire length is a �27 atoms. As the coverage is
increased to 0.12 ML �squares�, the average wire length increases to
�40 atoms, indicating that wire length increases with coverage.
This result is in accord with a growth mechanism, in which the Co
atoms move facilely along the step edge until encountering a wire
end, to which the Co atom attaches. Note that in comparison to the
typically reported widths of nanometer-scale islands at step edges
�5 nm or �20 atoms�, the one- and two-atom �not shown above�
wires have grown to much longer length scales.
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pressions is �0.5 Å which is consistent with the observed
height difference between the wires and adjacent terraces.
Second, this depth agrees well with similar 0.6 Å deep de-
pressions observed on the Co/Cu�001� system.21 Third, if the
apparent depressions happened instead to be terrace vacan-
cies, i.e., 2 Å deep, tip-convolution effects would likely not
account for the measured shallow depth since smaller fea-
tures �two-atom-wide wires� were also resolved along the
same scan line of the depressions. Co-induced atom vacan-
cies �etch pits� have been previously reported for Co/Cu�111�
systems.5 However, the pits, which were observed at a com-
parable Co coverage of 0.1 ML, were much larger, �2 Å
deep and 80 Å in diameter, than found in the present study.
Furthermore, the etch pits observed in the earlier study were
commensurate with adatom-island formation, which is not
seen at the same coverage in this study. Thus, as in the case
for the wires, we attribute the depressions to a change in the
LDOS due to Co-Cu substitution rather than a vacancy for-
mation. We also note that this observation supports the long-
held hypothesis7 that Co/Cu�111� islands, seen by us at
higher coverage, do indeed bind to a terrace-embedded Co
layer. Given the narrow step width, the displaced Cu atoms
most likely attach to the step edges and become part of a
mobile step kink, appearing as frizz. For completeness, we
note that Co is also known to adsorb on Cu�111� terraces as
demonstrated by several low-temperature STM studies;22–24

our observations show, however, that the temperature range
we are operating in is energetic enough to allow for terrace-
site exchange in addition to terrace diffusion.

The occurrence of embedded atoms raises important ques-
tions, including the kinetic pathway leading to their forma-
tion. As mentioned in Sec. I, there have been theoretical
studies of Co atomic-wire formation at Cu�111� steps which
can serve as useful points of comparison. One particularly
detailed investigation, by Mo et al.,11 used DFT to study one-
and two-atom-wide wire phases of Fe, Co, and W. In fact, the
predictions of this study have been recently experimentally
verified for the related case of Fe-wire growth, which was
explicitly examined in Ref. 15. For the case of Co-wire for-
mation, the theoretical study by Mo et al. determined a
mechanism consisting of three steps: �1� formation of a
single-atom-wide Co wire located one row behind the Cu
step edge, �2� formation of a subsequent Co row behind the
first, and �3� formation of a Co wire on top of these two
rows. Despite being validated for the related case of Fe-wire
growth, the predicted surface phase determined by this DFT-
based calculation appears different from the phase present in
our experimental results; specifically, nonencapsulated one-
and two-atom-wide wires are observed as opposed to the
encapsulated wires predicted by calculation. Note however
there are some differences between this theoretical study and
the present study. For example, the calculations were per-
formed for an A-type step, as opposed to a B-type step used
experimentally. In addition, the calculations considered only
a single Co atom at the step edge; higher coverages, i.e., a
Co wire, might exhibit different energies. We note that the
formation of the structures seen here at RT may be kineti-
cally limited. For example, we observe a decrease in the Co
Auger signal as the surface is raised above room tempera-
ture. We attribute this to either Co encapsulation by Cu or Co

dissolution into the bulk. Thus higher temperatures may be
required to reach the kinetic pathways leading to the final
state of the DFT prediction, i.e., lateral step encapsulation.
For the different scenario of deposition at a higher substrate
temperature �instead of raising the substrate temperature
postdeposition�, overall interdiffusion would probably domi-
nate, as already evidenced by the presence of embedded-
terrace nucleation �Fig. 2�d��, rather than simply forming
uniform laterally encapsulated wires. Finally, an additional
comment on the lack of laterally encapsulated Co wires is
discussed below.

An earlier theoretical study by Gomez et al.10 using
Monte Carlo and static relaxation provides a second interest-
ing comparison of Co growth on Cu�111�. In part, this study
looked at preferential nucleation sites of Co at Cu steps and
drew the following conclusions: �1� Co atoms will form “two
nearly straight rows,” one in front of the Cu step edge and
the other behind the first row of Cu at the step edge �the
latter was predicted later again by Mo et al.�, �2� Co atoms
were not likely to site exchange with Cu atoms on the ter-
races. While our work finds agreement with wire formation
in front of the Cu step edge, there is no evidence of laterally
encapsulated wire formation, as discussed above. Instead, the
simultaneous presence of embedded-terrace nucleation sug-
gests, paradoxically �see below�, a lower energy of formation
for this morphology than that of encapsulation. It should also
be noted that the work of Gomez et al. did not stipulate the
step type on which the simulation was performed.

In light of the two theoretical studies discussed above, our
observation of terrace-site exchange without the presence of
step-edge lateral encapsulation will be commented on briefly.
One obvious consideration is that inclusion of additional
physics appears to be important as is mentioned above. For
example, the presence of significant frizz at the step edges
indicates that Cu-atom diffusion and kink motion are present
on theses edges. The presence of these surface defects and
dynamics would seem to make calculation of the actual sur-
face more complex than in the ideal theoretical models
considered thus far.

In general, our observations indicate a degree of lack of
uniformity in wire formation across the full surface at higher
coverage. For example, as shown in Fig. 4�i�, at 0.12 ML,
terrace nucleation, biatomic wires, and bare steps can all be
observed in adjacent regions of the STM image. In Fig. 4�i�
and 4�i� we show the change in the ratio of wire length to
total step-edge length with coverage. These measurements
show that while one-atom-wire growth dominates for 0–0.09
ML and follows an ideal wire-growth pattern, the onset of
two-atom-wire growth and terrace nucleation causes a reduc-
tion in the slope of one-atom-wire concentration versus cov-
erage. This change suggests that it is more energetically fa-
vorable for Co atoms to be attracted to other Co step-edge
atoms, than to Cu step-edge atoms.

The observed distribution of Co atoms along the Cu steps,
i.e., extended Co wires coexisting with equally extended bare
Cu steps, as shown in Fig. 5, allows us to speculate about the
relative energetics of Co atoms on vicinal Cu surfaces. Judg-
ing from our measurement of the lengths of bare Cu steps at
0.09 ML, Co atoms are sufficiently mobile on Cu �111� ter-
races even at 160 K, and the attractive potential of these
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atoms to the step edges is sufficiently shallow, that Co atoms
may thermally migrate along the step edges at least 3.4 nm
�our typical measured length of a clean Cu step edge at 0.09
ML� before nucleating into an atomic wire. This is also evi-
denced by the random positions of the self-assembled wires
along the step edge; in the case of Co on vicinal Au,25 on the
other hand, Co atoms were found to nucleate at discommen-
suration lines that ran perpendicular to the steps, forming an
ordered arrangement of quantum dots rather than extended
atomic-wide wires. Once a wire nucleation on a Cu step edge
has occurred, the ends of the wire serve as traps for other-
wise mobile Co atoms. This attractiveness of the Co/Cu
kinks at the ends of the wires is consistent with the growth of
the extended uninterrupted Co wires.

The one-atom-wide wire-length distribution, as shown in
Fig. 3, may be used to estimate the Co-Co interaction energy
�. We have used a one-dimensional lattice-gas model26 to fit
the measured wire-length distribution, as shown by the gray
curves in Fig. 3. The fit of the model to our wire-length
distribution is particularly satisfactory, especially for the case
of 0.09 ML, at which coverage only one-atom-wide wires are
present. For the case of 0.12 ML, two-atom-wide wires also
exist. This additional feature is not part of the model and thus
the fit in that case is not as close.

In this lattice-gas model, Yilmaz et al. derive an expres-
sion for the number of wires with length l, ql, as

ql =
q2

n1
�1 −

q

n1
�l−1

, �1�

where q is the number of wires and n1 is the number of
occupied sites along the step edge. By data fitting, we find q,
and by the thermal equilibrium expression for q �Eq. 5 in
Ref. 26�, it is easily found that the interaction energy � can
be written as

� = kBT ln� �n − n1�n1 − nq + q2

q2 	 , �2�

where n is the number of lattice sites along the step edge.
Using the above formulation along with our measurements,
we find an attractive Co-Co interaction energy of +5.1��0.3�
kBT or 0.13��0.01� eV at RT. This energy is considerably
lower than the bond energy expected for an isolated Co
dimer.27 This difference in bond energy between metal-
substrate-supported wires and isolated wires is typical for
wires on other surfaces. Thus, in the case of Ag on Pt�111�,
the Ag dimer bond energy has been experimentally found to
be 0.150��0.020� eV.28 In addition, a comparable value of
0.166 eV has been derived from STM measurements of one-
atom-wide Ag wires on Pt�997�.29 By contrast, the experi-
mentally determined bond energy for isolated Ag2 has been
found to be 1.65��0.03� eV.27 In summary, the energy value
extracted from the lattice-gas fitting seems reasonable based
on the observations of other atomic-wire systems.

Note that second-row Co nucleation is not observed be-
fore the Co coverage reaches �0.12 ML �see Fig. 4�i� and
4�i��, i.e., before a significant fraction of the Cu steps are
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FIG. 4. �Color online� Different Co growth phases develop with
increasing coverage. Top panel �i�: A derivative image shows that at
0.12 ML, four different “phases” exist: �a� frizz, �b� one-atom-wide
wire, �c� two-atom-wide wire, and �d� terrace-embedded Co. See
details in Fig. 2�b� for the single-atom-wide wires. Bottom panel
�ii�: Wire-length-to-step-length ratio versus coverage. “Ideal” refers
to calculated ratio for growth of only one-atom-wide wires on a
perfect seven-atom-row stepped surface. The falloff in the one-
atom-wire ratio above 0.09 ML is due to two-atom-wide wire
growth, terrace nucleation, and terrace-width variations; without
these components, the one-atom-wire step ratio would follow that
of ideal wire growth.
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FIG. 5. �Color online� Self-assembly at 0.09 ML Co coverage.
This STM image �d2z /dx2, i.e., second derivative�, acquired at RT,
clearly shows the presence of self-assembled one-atom-wide Co
wires along with bare Cu�111� steps. The one-atom-wide wires ap-
pear as straight sharp double lines at the step edge. Frizz, on the
other hand, causes the bare Cu�111� step edge to appear irregular.
The positions of the self-assembled wires are relatively random,
indicating freedom from any substrate-mediated reconstruction or
discommensuration. Note: the appearance of broken/shifted wires is
merely due to tip change.
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decorated by single-atom-wide Co wires. This observation
suggests that Co atoms are sufficiently mobile also along the
chains of Co atoms under experimental conditions. The latter
property of the system is also important for the atomic-wire
growth as it prevents Co island formation at low Co cover-
ages. Finally, it would be interesting to study the influence of
the Co wires on the step fluctuations of bare Cu steps, i.e.,
frizz; such a study would provide additional insight into any
change in step-edge transport, see, for example, Tao et al.30

More generally, the behavior of Co atoms on the vicinal
Cu surface is strongly dependent on the temperature of the
system. At temperatures higher than 160 K the in-terrace
diffusion of Co atoms becomes possible, as has been ob-
served in our experiments at room-temperature deposition
�not shown in this work�. At low temperatures, shorter wires
and/or island growth would be expected, as in the case of Co
on vicinal Pt,2 due to decreased mobility of Co atoms. On the
other hand, the wire nucleation probability strongly depends
on the concentration of mobile Co atoms on the surface. This
concentration was controlled by the Co deposition rates in
our experiments. The higher deposition rates would lead to
higher nucleation probability and, therefore, shorter wire
lengths. Thus, our work offers the empirically found set of
conditions �160 K, 0.01 ML/min�, suitable for growth of ex-
tended Co wires on a Cu�775� surface. We also speculate that
the coverage limit of 0.09 ML for the self-assembly of uni-
form one-atom-wide Co wires may be increased under more
controlled growth conditions.

Straight sharp-edge wires are only seen at very low cov-
erages, i.e., �0.2 ML. If the coverage is increased above this
value, a phase change is observed in the system, such that
step bunching occurs and step edges appear irregular. This
more complex growth morphology causes some terraces to
become wider than others and as the coverage increases fur-
ther, typically �0.3 ML, island formation begins to occur.
Similar higher-coverage effects have been reported by Gam-
bardella et al.2 for Co/Pt�997�. A study of this higher-
coverage regime is currently being carried out.

The formation of one- and two-atom-wide Co wires, as
well as terrace nucleation, is expected to modify the surface
electronic structure of bare Cu�775�. A recent photoemission
investigation studied the modification of the Cu�775� surface
state as a function of Co coverage.3 The study clearly
showed that the parallel momentum corresponding to the

band minimum of the Cu surface-state shifts in position at
0.03 ML coverage indicating a change from a surface modu-
lated state to a terrace modulated state at coverages corre-
sponding to the onset of one-atom-wide wire growth. Such a
shift can be expected as the randomly distributed Co wires
disturb the coherence across the step superlattice and thereby
preventing a coherent surface-state formation extending over
several terraces. The state can however still exist within the
confines of an individual terrace.

V. CONCLUSION

In conclusion, we have used STM to study the formation
of a phase of one- and two-atom-wide Co wires on vicinal
Cu�111�. These two types of wires form sequentially with
increasing coverage. For this phase, Co wires assemble only
at the bottom or lower terrace of a step edge; this result
contrasts with top-only or top-bottom step-edge Co island
growth, as seen in past experimental observations of low-
coverage Co deposition on Cu�111�. Interestingly, we find no
evidence for lateral Cu encapsulation of the Co wires in the
terrace at RT; this is in comparison to the different atomic-
wire phases reported in recent theoretical works. Single-
atom-wide wires are seen for coverages less than 0.09 ML
but at higher coverage two-atom-wide wires form; in addi-
tion terrace substitution is found to coexist. An examination
of the length distribution for low and high coverage is con-
sistent with growth kinetics which allow high mobility of Co
atoms along the step edges and attachment at wire ends.
These results, obtained on a vicinal surface with terraces of
14 Å average width, add insight to the already rich set of
self-assembly physics of the Co/Cu�111� bimetallic system;
further theoretical study of energetics and kinetics would
provide additional insight.
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