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We measure the electronic structure of low-coverage Co on a Cu�775� stepped substrate using high-
resolution photoemission spectroscopy with the particular goal of relating the electronic dispersion to the
coverage-dependent surface structure. In particular, we follow the evolution of the electronic dispersion of the
sp-like Cu surface state and the position of the band minimum as a function of Co coverage. On the bare
Cu�775� surface, we observe band folding of this state due to the stepped surface-superlattice array. In addition,
we determine that the reference plane, as measured by the position of the band minimum of this state, changes
dramatically after addition of just 0.03 ML Co. At 0.06 ML, we observe the formation of a second surface state
at a binding energy of 0.68 eV. This feature is attributed to a quantum-well state hybridized with the substrate.
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INTRODUCTION

Recently, there has been an expansion of interest in un-
derstanding the physics of electrons on stepped metal sur-
faces. In part, this interest stems from the fact that, if care-
fully prepared, such surfaces can be used to examine electron
physics at the nanoscale domain. Stepped arrays provide a
“self-assembled” means of constructing a regular surface po-
tential, which can either scatter or confine electrons in the
lateral direction. Step arrays have provided insights into a
variety of surface phenomena, including the formation of
lateral superlattices, angular-asymmetric electron surface
scattering, etc.1–17

While there have been a relatively large number of studies
of electron behavior on bare stepped surfaces, the interest in
bimetallic surfaces has only recently grown. Metal
adsorbate-covered steps are of interest because the stepped
substrate can, in principle, allow low-dimensional structures
to self-assemble due to the selective growth at step edges or
step risers.18,19 An excellent example of such a system is Ag
on Pt�997�,18 which has been demonstrated to exhibit row-
by-row selective growth. Step-edge-defined magnetic nano-
wires have also been demonstrated, viz., the growth of Co
nanowires on Pt�997�.19 Such epitaxial structures can en-
hance the lateral-confinement potential of surface electrons
over that seen on bare surfaces. Even in cases where growth
is more complex, exhibiting multilevel islanding, etc., the
presence of steps can alter growth and, hence, allow new
nanostructures to form. For example, a regular stepped sur-
face can act to increase the nucleation density for low-
coverage adsorbate atoms and the higher nucleation density
can lead in turn to the self-assembly of a high density of
nanoscale islands. Copper stepped surfaces have provided
some of the more important surfaces for the study of surface
nanoelectronic structure, as well as step-step interactions.
Because of this, stepped Cu is an appropriate choice for the
study of bimetallic surface structures and, in fact, there have
been recent studies1,3 of, for example, Ag on vicinal Cu sur-

faces. Further, such exploration represents a natural exten-
sion of earlier studies of Co grown on flat Cu surfaces, par-
ticularly Cu�111�. Here the interest is in the possible use of
such structures in magnetic spin valves.20–30 Surprisingly,
there has been to date, limited work on the growth of Co on
stepped Cu�111�.22–24 In this paper, we make use of
Co /Cu�775� system to examine the associated surface nano-
structures and their electronic structure.

The Cu�775� surface �see Fig. 1� is formed from an 8.5°

vicinal cut of Cu�111� along the �112̄� direction. At the cen-
ter of the zone, the bare Cu�111� surface has a projected bulk
band gap extending from 0.9 eV below the Fermi level, EF,
to 4.1 eV above. An sp-like surface state existing within this
gap has a band minimum at 0.43 and 0.39 eV below EF at
30 K and room temperature, respectively,31,8 and a parabolic
dispersion with an effective mass, m*, of approximately
0.41me where me is the free electron mass. When cut into the
vicinal Cu�775� surface, the 14.3-Å-wide �111� terraces are
separated by monatomic steps. Such stepped surfaces are
known to self-assemble into relatively monodispersed
terrace-row-number arrays. In the case of Cu�775� at 300 K,
the distribution of terrace widths is approximately a Poisson
distribution with a standard deviation of �1 atomic row.5

On a bare, vicinal Cu�111� surface, the electronic struc-
ture is known to change from that on the Cu�111� surface due
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FIG. 1. �Color online� Sketch of well ordered Cu�775�; the ter-
race width is 14.3 Å and the sample cut is such that the step de-

scends along the �112̄� direction.
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to the interplay of several effects. For example, the step-
induced dipoles that form change the local work function
from that of the flat surface. Electron confinement to the step
terraces causes the band minimum of the sp-surface state to
shift upward while the terrace-width distribution and the re-
duced photohole lifetime broadens the bandwidth.1 In addi-
tion, several studies of both occupied and unoccupied states
on different vicinal surfaces have shown that band folding
will result from umklapp scattering from the superlattice de-
fined by the periodic steps. The importance of the periodic
surface potential has been correlated with the average terrace
width.1–7,13 This has been observed, for example, on Cu�775�
using angle-resolved measurements of image states with
two-photon photoemission �2PPE� spectroscopy.5 Umklapp
processes have also been observed for adsorbate-covered
vicinal surfaces.1

In the case of bimetallic systems, studies have been more
limited. A study of Ag on vicinal Cu found that the deposi-
tion of Ag substantially changed the step structure from that
of the bare surface.3 In addition, studies of the electronic
structure showed evidence of a change from two-
dimensional to one-dimensional dispersion with increasing
Ag coverage, as well as evidence of two distinct composi-
tionally controlled surface states.

Because of the interest in layered magnetic structures,
there have also been extensive measurements of the growth
and electronic structure of Co on Cu�111� using scanning
tunneling microscopy �STM�, photoemission, and inverse
photoemission.20–28,32 In contrast to growth on Cu�100�
where the Co adsorbate structure grows in a nearly ideal
layer-by-layer mode,33 STM studies of Co grown on Cu�111�
have shown that the initial growth occurs via bilayer islands
with evidence of subsurface Co insertion.20,24,25,32 The Co
islands are triangularly shaped and oriented at 60° with re-
spect to each other. A recent STM study showed that at low
coverage, bilayer growth of Co proceeded preferentially
along the upper step edges,24 an effect which was ascribed to
an �1 eV Ehrlich-Schwoebel barrier for movement of Co to
the lower terrace level. More complex multilayer island
growth was observed at higher coverage. In addition, Co
deposition can lead to more complex surface restructuring,
including spontaneous etching and mass transport at low
coverage.23,24 Co, Fe, and W adsorption on stepped Cu sur-
faces has been the subject of a recent theoretical
investigation.34 This study suggests the stabilization of a row
of adsorbate atoms along the upper edge of the step with
activation energies of the order of 1 eV. This structure will
prevent the adsorbates from “hopping” down the step edge.

The electronic structure of the Co /Cu�111� system has
also been examined previously. Several groups have made
measurements of this structure on Co deposited on single-
crystal Cu�111�. Much of the work focused on determining
the spin-exchange splitting of this bimetallic system and in-
cluded photoemission spectroscopy,26,27 inverse
photoemission,28 and theoretical calculations.30 These were
followed by studies of the effects of vicinal surfaces on this
electronic structure. For example, angle-resolved photoemis-
sion spectroscopy �ARPES� measurements were made of the
electronic structure of Co nanoclusters on Cu�755�.29 At low
coverage, the Co states displayed a nearly flat isotropic dis-

persion and the d-band lower minority and majority states
shifted with coverage. The authors noted that both of these
observations were consistent with the formation of Co nano-
clusters.

In the present paper, we report a study of the coverage-
dependent electronic structure of vicinal Cu�111�, in particu-
lar, Cu�775� in the presence of low-coverage Co adsorbate.
As discussed above, earlier work has focused on changes in
the Co electronic structure with coverage. Because of the
focus on the Co overlayer, these studies employed either
s-polarized light or high-energy photons to suppress the
strong Cu surface-state peak. In the present work, by making
use of p-polarized light, we describe an investigation of the
changes in both Co and Cu features, including the Cu surface
state. Our results at low cobalt coverage reveal several strik-
ing step-lattice-related phenomena. In particular, we observe
bare-Cu-surface step-array band folding and, after addition
of a fraction of a monolayer of Co, we also observe a shift in
the position of the band minimum of the Cu surface state and
the formation of a new surface state at a higher binding en-
ergy. The origin of these features is discussed in the context
of prior work on step surfaces.

EXPERIMENT

Angle-resolved photoemission measurements were car-
ried out on the undulator beamline U13UB at the National
Synchrotron Light Source at Brookhaven National Labora-
tory, equipped with a Scienta SES2002 analyzer. UV
p-polarized light, with photon energies ranging from
16 to 25 eV, was focused to a spot �100�m in diameter on
the sample in an UHV chamber with pressure less than 1
�10−10 Torr. The energy resolution of the beamline and the
analyzer was �10 meV and the angular resolution of the
detector was �0.2°, corresponding to a momentum reso-
lution of 0.008 Å−1 at 25 eV photon energy.

The Cu�775� crystal was prepared by repeated Ar+ sput-
tering at room temperature and annealing to 500 °C until
sharp split spots were observed with low-energy electron dif-
fraction, indicating high step regularity. Step regularity could
also be determined via the photoemission spectra, since these
measurements showed umklapp bands �see below� when a
regular stepped surface was formed. The Co source was an
e-beam-heated Co rod. The chamber pressure remained at
less than 5�10−10 Torr during Co deposition. The deposi-
tion rate was monitored using a quartz-crystal thickness
monitor. All data were recorded at room temperature.

EXPERIMENTAL RESULTS

Measurements and results for clean Cu(775). Prior to any
deposition of Co, the clean Cu vicinal surface already dis-
played features originating from its nanostructured surface.
For example, Fig. 2 shows data taken at 25 eV photon en-
ergy from the clean Cu�775� surface. The spectra were re-
corded in a direction perpendicular to the step edges. Disper-
sion curves determined from the raw data are indicated with
solid lines. In fitting the energy-distribution curves �EDCs�
for each parallel momentum value, the raw data are angle
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integrated about an angular interval of 0.6° to increase the
signal-to-noise ratio and a Gaussian line shape is used to fit
the peaks �see Fig. 2�b��. In brief, the figure shows the usual
Cu surface state and its dispersive behavior, but with a de-
crease in binding energy relative to that of the flat Cu�111�
surface. In addition, there is evidence of umklapp or band
folding due to the presence of the periodic step array. The
dispersion curve centered at the surface-superlattice
Brillouin-zone �SSBZ� boundary is obtained by a least-
square fit to the peak positions of the angle-resolved data up
to 0.4 Å−1. In the region to the right of the main band, the
peak positions for a nondispersing state and the folded band,
as determined by peak fitting, are indicated with filled
circles.

The bottom of the main band at k� =0.22 Å−1 is
�280 meV below the Fermi level. This position is �E
�110 meV higher than the minimum of the clean Cu�111�
surface state at room temperature.8 In addition, the peak is
broader �full width at half maximum ���200 meV� than
the same feature from a well prepared Cu�111� surface.35

These changes in the binding energy and the linewidth, �E
and ��, are consistent with a linear relationship between the
two as observed previously on other vicinal copper surfaces.1

Several STM and photoemission measurements have previ-
ously observed shifts in binding energy on vicinal surfaces
due to the terrace confinement by the step potential.1,2,6–8

The exact magnitude of the binding-energy shift and the line-
width broadening depends on the angle of the vicinal cut;1

binding-energy shifts as high as �250 meV, and linewidth
broadening as large as 400 meV have been observed.8

The shift in binding energy can be placed on a more quan-
titative footing by using a Kronig-Penney model for the step
potential. Modeling the steps as a series of delta functions
with amplitude V0 separated by a distance b, we obtain the
energy-momentum relationship

cos�kb� − cos�qb� −
mV0

�2q
sin�qb� = 0, �1�

where the energy associated with scattering from the steps,
ES, is given by ES=�2q2 /2m. Near the minimum of a para-
bolic band, k and q are sufficiently small so that Eq. �1� can
be manipulated to yield

tan�qb

2
� =

qb

2
=

mV0

�2q
, �2�

from which it follows that

ES�b� =
V0

b
. �3�

This shift is a small perturbation on the clean surface-state
energy such that the measured energy Emin�b�	Emin�111�
−ES�b�. As shown in Fig. 3, plotting ES�b�=Emin�111�

(A) (B)

In
te
ns
ity
(A
rb
.U
ni
ts
)

0.0

–0.2

–0.4
E–
E F
(e
V
)

–0.4 –0.2 0.0
E–EF (eV)

0.50

0.52

0.54

k ||
(Å

–1
)

0.0 0.1 0.2 0.3 0.4 0.5 0.6
k||(Å–1)

FIG. 2. �Color online� �A� The measured bare Cu�775� surface-state dispersion using 25 eV photon energy. Note that the main band is
centered on the surface Brillouin-zone boundary of the superlattice, designated by the dashed line �a�. The parallel momentum corresponding
to the terrace-normal direction is indicated by the dotted line �b�. The parabolic continuous curve labeled �i� is a quadratic fit to the main
band. The second continuous curve �ii� is a 0.44 Å−1 �2	 /d�-shifted replica of the fit. The curve indicated by �iii� is a weak- to nondispersive
state, typical of many stepped surfaces. �B� An example of peak fitting the weak features to the right of the main band. After an appropriate
background subtraction a sum of two Gaussian curves was used to fit the data. Three energy-distribution curves are shown at the parallel
momenta indicated on the right. The downward- and upward-facing arrows indicate the nondispersive state and the umklapp band,
respectively.

0.20

0.15

0.10

0.05

0.00

0.140.120.100.080.060.040.020.00
1

i

ii

iii

iv

v
viii

vi

v

vii

viii

1/Terrace Width (Å–1)

En
er
gy
Sh
ift
(e
V
)

FIG. 3. �Color online� Shift of the band minimum versus inverse
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−Emin�b� against 1 /b therefore gives a measure of V0. The
data in Fig. 3 are taken from the present work and from
studies of other vicinal surfaces.1,3,6,8–11 The gradient gives
V0=1.55 eV Å, which compares closely with the value of
1.25 eV Å found in an STM study of Sánchez et al.11

As discussed above, prior work has also considered the
surface-state linewidths on vicinal surfaces.1,6 In particular,
in Ref. 1, a linear relation between the change in linewidth
and binding-energy shift was found for a series of vicinal
surfaces; the dominant contribution to this variation was as-
cribed to photohole lifetimes, which are known to be depen-
dent on scattering processes at the steps. A second contribu-
tion to the linewidth is the terrace-width distribution �TWD�,
which can be modeled using the Kronig-Penney model de-
scribed above and assuming a Gaussian distribution of ter-
race widths.6 This TWD is found to account for less than
30% of the change in linewidth.1 Our data show a linewidth
broadening of 200 meV, a value in close agreement with the
value based on the linear relation given in Ref. 1.

Considering the step-induced changes in the spectrum in
more detail, we note that, as shown in Fig. 2, the sp-band
minimum is centered away from either the surface normal
�defined by the �775� direction� or the terrace normal �de-
fined by the �111� direction�. Upon closer inspection, this
position can be identified as the SSBZ boundary, which is
0.22 Å−1 away from the zone center for Cu�775�. Prior stud-
ies using ARPES have also observed a variation in the posi-
tion of the band minimum as the vicinal-cut angle is
changed.1–3,5–10,12,13 In these earlier studies, a reference plane
identical to the overall surface plane is generally seen for
vicinal cuts larger than 5°; such an observation is termed
“surface modulated.”12 On the other hand for miscut angles
smaller than 5°, the reference plane is that of the local terrace
plane; such an observation is termed “terrace modulated,”
where the terrace represents the �111� plane. These observa-
tions are in accord with the present study where with the
surface cut at 8.5°, the position of the band minimum occurs
at the SSBZ boundary, which is consistent with surface
modulation of the sp state rather than terrace modulation.
Such surface-modulated electron wave functions extend over
several terraces and exhibit free-electron-like dispersion in
the average surface �775� plane as opposed to the terrace
plane. In the case of terrace modulation, the electron wave
function across the steps is localized on individual terraces
with a band minimum centered at the terrace normal.

Near the minimum of the band, the Cu�775� surface state
displays parabolic dispersion, with an effective mass of
�0.47me. In the vicinity of the Fermi level at k� �0.2 Å−1

away from the band minimum, using greater data magnifica-
tion we find that the band dispersion turns negative. Note
that these data points shown were obtained by peak fitting
with two Gaussian peaks as shown in Fig. 2�b�. We attribute
this behavior to band folding due to the step-array superlat-

tice along the �112̄� direction. The solid line showing the
folded band in Fig. 2 is obtained by shifting the original band
by 0.44 Å−1, which corresponds to a terrace width of d
�14.3 Å. The data points around the expected folded band
position show significant scatter because at the normal wave
vector corresponding to the 25 eV photon energy, the inten-

sity of umklapp band is known to be weak.2,13 The relatively
weak emission from the umklapp feature seen here is consis-
tent with results obtained in earlier photoemission measure-
ments on vicinal Cu and Au surfaces.13,14

An additional feature of the bare Cu�775� surface band
structure in Fig. 2 is the faint but persistent nondispersive
state located at �250 meV below the Fermi level. Similar
features have been reported in other ARPES and 2PPE
experiments.15–17,36,37 The observation has been variously at-
tributed to terrace confinement,2 to a one-dimensional state
formed by step edges,15 or to disorder localization due to
nonuniformity in terrace widths.37

Measurements and results for low-coverage Co on
Cu(775). An important component of the present work is the
study of the effect of low-coverage Co on the electronic
structure of the stepped Cu surface. Our results show that Co
induces changes in the Cu surface state reference plane as
well as new states. Co was deposited on the Cu�775� surface
to various coverages ranging from a fraction of a monolayer
to almost a full monolayer. Figure 4 shows the photoemis-
sion spectra recorded at k�=0.22 Å−1 as a function of cover-
age. As the Co coverage is increased, the Co 3d-band emis-
sion at around 0.8 eV binding energy increases and the
intensities of the multiple Cu 3d peaks �with binding ener-
gies between 2 and 4 eV� decrease. Note that the Cu 3d
peaks are still visible even at the highest coverage of 0.9 ML
due to the island-growth mode �see below� for Co on
Cu�111�.

Earlier studies of Co on Cu �Refs. 26–29� had focused
almost exclusively on changes in the electronic structure of
the adsorbed-Co phase. In contrast, the evolution of Cu states
and, in particular, the Cu surface state was not studied in
detail. These changes form the core of the present study.
Clearly, the Cu surface-state signal is lost completely for the
higher Co coverage. However, at low coverages, less drastic
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FIG. 4. �Color online� Evolution of EDCs as a function of Co
coverage at k� =0.22 Å−1. The inset to the figure shows features
close to the Fermi level in greater detail for the same sequence in
Co coverage as in the main figure. Experiments are performed using
25 eV incident photon energy.
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but nonetheless important changes in the Cu surface state are
also readily observed. A particularly striking example is a
change of the reference plane of the Cu surface state, which
is defined by the �775� plane for the clean surface. Figure 5
shows a comparison of the 21 eV angle-resolved ultraviolet
photoemission spectroscopy measurement of the surface
state before and after deposition of 0.03 ML of cobalt. Be-
fore the Co deposition, the dispersion minimum is clearly
located at k�=0.22�0.02 Å−1. After deposition of 0.03 ML
of Co, the minimum changes position to k�
=0.31�0.02 Å−1. An examination of the surface structure
for Cu�775� shows that these minima correspond to a shift in
the band minimum from the SSBZ boundary to, within ex-
perimental error, that of the terrace normal. This observation
is probably a reflection of the fact that the initial deposition
“roughens” the step edges, thereby decreasing the Fourier
component associated with the step structure from the
surface-electron scattering potential.

Other changes can be observed at slightly higher cobalt
coverages. In particular, Fig. 6 shows data taken at Co cov-
erage of 0.06 ML with 25 eV photon energy; representative
EDCs corresponding to the SSBZ �k� 	0.22 Å−1� and terrace
normal �k� 	0.34 Å−1� are shown in the figure. In order to
improve upon signal to noise ratio, the experimental data are
angle integrated over an interval of 0.6° about each data
point and least-square fit with Gaussian line shapes. This
process enabled us to obtain the data fit shown in Fig. 6. The
data shown in Fig. 6 show a new dispersive band with higher
binding energy �EB=0.68 eV� and centered at the SSBZ
boundary. In general this feature which is first observed at
�0.04 ML Co-covered surface is seen to increase with Co
coverage peaking at �0.06 ML before slowly decreasing

with the addition of more Co. The residue of the original Cu
surface state, which had shifted to terrace modulation after
adding 0.03 ML of Co to the bare Cu surface, can still be
seen at this higher coverage. Since the 25 eV incident photon
energy of Fig. 6 is higher than the 21 eV in Fig. 5 and the
electrons are emitted in the fixed, terrace-normal direction,
i.e., 8.5° off the surface normal, the band minimum appears
at k�=0.34�0.02 Å−1 as opposed to k�=0.31�0.02 Å−1 in
Fig. 5. This is another evidence for the terrace-modulated
nature of the observed band. Another broader feature is ap-
parent at �1.3 eV. Experiments performed as a function of
Co coverage show that this broader peak smoothly shifts
toward the position of the Co d band in bulklike thin films
and can thus be attributed to a cobalt d-band state.26,27,38 It
would be interesting to know whether this feature is nondis-
persive along the steps. However, data at 0.06 ML were not
collected due to time constraints at the beamline. Note how-
ever, that several related observations can be made. Although
not shown here, ARPES data were measured at higher cov-
erage, which showed weak dispersion of the 3d-band state as
expected. Finally, the presence of a nondispersive state ap-
pears to confirm the island growth of the cobalt and in the
earlier work performed on Co /Cu�755� by Ogawa et al.,29

the 3d band was observed to be nondispersive both along and
across the steps.

Returning now to the 0.68 eV feature centered at k�

=0.22 Å−1 we note that it resembles the states observed in
earlier studies of lateral quantum-well structures on stepped
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FIG. 5. �Color online� Angle-resolved photoemission from �a�
clean Cu�775�, and �b� 0.03 ML Co-covered surface at 21 eV inci-
dent photon energy. On clean Cu, the surface state is centered at the
surface-superlattice Brillouin-zone �SSBZ� boundary, i.e., k�

=0.22 Å−1. Upon cobalt deposition, the band shifts to a position
close to terrace normal at k� =0.31 Å−1. Note that the parallel mo-
mentum corresponding to the terrace-normal direction �the dotted
line in �b�� is a function of binding energy since the �111� terraces
are oriented at a fixed angle �8.5°� with respect to the �775� surface.

FIG. 6. �Color online� �a� Angle-resolved photoemission from
0.06 ML Co-covered Cu�775� taken at a photon energy of 25 eV.
The nondispersive feature labeled �iii� at �1.2 eV binding energy is
due to emission from Co. In addition to the shifted Cu�775� surface
state �blue squares�, a new state with 0.68 eV binding energy ap-
pears at the SSBZ boundary �red dots�. �b� EDCs taken at parallel
momenta corresponding to �i� the SSBZ boundary and �ii� the ter-
race normal are shown along with Gaussian fits to the background
subtracted EDCs. The shifted Cu�775� surface state is indicated by
a downward-facing blue arrow and the new state by an upward-
facing red arrow.
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surfaces.3,7 The state shows considerable dispersion having
an effective mass of �0.4me. This observation is consistent
with earlier studies that concluded that at low coverage the
dispersion of a quantum-well state reflects hybridization with
the substrate.39 As such, the dispersion of the state will be
determined by the dispersion rate of the bottom of the bulk
band gap along the �111� direction. Indeed all states at low
coverage on this system should show a similar dispersion, as
is observed. The band centered at k� =0.34 Å−1 yields
0.46me, essentially identical to that of the bare Cu�775� sur-
face state. Finally note that alternative explanations of the
origin of this state are possible, e.g., modification of the step-
edge potential due to adsorption of Co.40 A more complete
resolution of the physics of this state would be an interesting
subject of additional experiments.

Figure 7 shows ARPES data taken for angular variation
parallel to the steps following the deposition of 0.04 ML Co.
The data are taken at an incident photon energy of 21 eV,
and by rotation of the sample around an axis perpendicular to
both the terrace normal and the step edges. The angular data
interval along the steps is 1°, that is, each EDC curve has a
1° separation along the steps; these measurements are taken
from −5° to 19°. In addition to improve the signal to noise
ratio, each of these same EDCs is also integrated about an
angular interval of 2° perpendicular to the steps. If we define
kx and ky as parallel momenta across and along the steps,
respectively, panels �a� and �b� show data at two values of kx:
one for emission normal to the terraces �kx�0.34 Å−1� and
one corresponding to the SSBZ boundary �kx=0.22 Å−1�. At
this relatively low Co coverage and for this photon energy,
the Co d bands are not yet visible. However, the effect of Co
deposition can be clearly seen by plotting the EDCs at the
band minima �i.e., at ky =0 Å−1� of Figs. 7�a� and 7�b�, cor-
responding to the terrace normal and SSBZ, respectively. In
particular, we observe that at the minimum of the band �ky
=0 Å−1�, the SSBZ EDC is slightly more distorted than the
terrace-normal EDC as shown in Fig. 7�c�. As is shown by

the curve fitting in Fig. 7�c�, this broader feature of the SSBZ
curve arises from the overlap of two states: the Cu surface
state at �0.3 eV binding energy and the Co-induced state at
0.51 eV binding energy. In comparison with Fig. 6, which
corresponds to slightly higher coverage of 0.06 ML, these
two states are farther apart in energy at the SSBZ boundary
�kx=0.22 Å−1�, where the minimum of the Co-induced band
lies �0.68 eV binding energy� and the Cu surface state dis-
persed to a higher energy ��0.2 eV� and, therefore, the EDC
of the SSBZ curve in Fig. 6�b� is broader compared to the
corresponding SSBZ curve in Fig. 7�c�. Further, note that the
Co-induced-state binding energy of 0.51 eV for 0.04 ML Co
coverage is less than that at the higher 0.06 ML coverage
�EB=0.68 eV�, indicating that the binding energy of the Co-
induced surface state is dependent on the Co surface concen-
tration. For the case of the terrace-normal curve in Fig. 7�c�,
for which the dispersion curves of the two states are within
�0.1 eV and are thus not resolved in the EDC, the total
width of the terrace-normal EDC is less compared to that of
the SSBZ EDC. This observation is consistent with that of
Fig. 6, where the two states are closer in energy at the terrace
normal than at the SSBZ boundary. At higher emission
angles, the EDCs of Figs. 7�a� and 7�b� have nearly equal
widths. Because of the proximity of the two bands at this
coverage, the effective masses cannot be determined accu-
rately. However, since the peak width in Fig. 7�b� decreases
for larger emission angles along the steps, one can conclude
that the new surface state disperses faster as it does in the
case of the dispersion across the steps.

SUMMARY

To summarize, we have measured the variation of elec-
tronic structure of adsorbed layers of Co on a Cu�775�
�stepped� surface with coverage of deposited Co. These mea-
surements are thus our first step in realizing our eventual
goal to relate the measured dispersion to the coverage-
dependent surface structure in the bimetallic Co /Cu�775�
surface system. To this end, STM studies to determine sur-
face structure versus Co coverage are under way. The pres-
ence of the surface steps is important for two reasons: �a�
they influence the surface electronic structure via a nanoscale
surface periodicity and �b� they modify the growth and is-
landing from that on the flat surface. For the bare Cu surface,
we observe a superlattice umklapp band of the surface state.
We have determined that the reference plane or the position
of the band minimum of this state shifts with the addition of
a small amount of cobalt. We attribute this behavior to
roughening of the step edges as a result of the cobalt depo-
sition. At a sufficiently small Co coverage, we have observed
the simultaneous existence of the usual Cu and a new Co-
modified surface state having band minimum binding ener-
gies of �0.3 and �0.68 eV, respectively. These two band
minima occur at parallel momenta k� � 0.34 and �0.22 Å−1,
corresponding to emission along the terrace-normal and
surface-superlattice Brillouin-zone reference planes, respec-
tively. Both of these two states disperse at approximately the
same rate as the Cu�111� surface state. This new state is
explained in terms of a quantum-well state hybridization
with the Cu substrate
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FIG. 7. �Color online� Angle-resolved photoemission measure-
ments along the steps �y direction, see text�, taken at a 1° interval
from 0.04 ML Co-covered Cu �775�. The top and bottom curves
correspond to 19° and −5°, respectively. ARPES data at �a� kx

�0.34 Å−1 �terrace normal� and �b� kx=0.22 Å−1 �the SSBZ bound-
ary� in the direction across the steps; �c� comparison of EDCs for
the two cases at ky =0 Å−1 along with Gaussian fits to the back-
ground subtracted EDCs.
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